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The introduction of in vitro dieeolution teete into the British 
phsrmrrcropoeia neceeeitated a coneiderable programme of laboratory 
investigation and collaborative teeting. The importance of mini- 
dew VeSiCrtbXl and identiwing and controlling 6- Of the fgC- 
tore Cawing Vari8tiOn lf88 hP0-t 8 B p C t  Of W E  pE0- 
gremme. Pentore which were identified were sampling poeition, 
temperat- of the diesolution mdium, diesolved air, filter 
adsorption and filter releaee of interfering subetauces, drive 

motor aped  wiation, etirrer shaft ecoentricity, basket dimen- 
sions, dieplecemmt vibration, and flaek &ape. 
made to sampling eysteme and to the use of Meeolution 

Beference ie 

C8libratOZS. 

The remalt8 of enalgsee of eamplee taken from a tablet or 
capeale during the dynmic diseolution pirooeae are likely t o  ehow 
110- inhetrent variability then analyses of a defined etatie 
ample. 
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278 CARTWRIGHT 

The increased use of in vitro dissolution tests for tablets 
and capsules by pbrmaceutical mamrfacturers and control labora- 
tories has led to a realisation of the importance of the control 
of factors w h i c h  might affect the repeatability (within labora- 
tory variances) and reproducibility (witbin and between labora- 
tory variances) of the tests. 

If laboratories cannot obtain good agreement on test results 
then an in vitro - in viw correlation obtabed by one laboratory 
cannot necessarily be applied in all laboratories. 
where the in vitro dissolution data i e  used as an assurance of 
batch bioequivalence uniformity, then it ie clearly essential to 
u8e stao&ardised equiprent producb& reproducible results. 

Further, 

Meng of the factors causing variation have now been ident- 
ified. 
ting bssket/flat bottomed dissolution flask equipsnent specified 
in the 1977 Addendum to the British pharrpaoopoeia 1973’. However 
~ a ~ y  of the factors will also apply to other types of test - such 

as the paddle stirrer or rotating basket/rouad bottom flask 
methods adopted in the 4th supplement to USP X1X. 

These are discussed here mainly in relation to the rota- 

s a 3 B D l b w  Position 

2 Withey in 1971 d r e w  attention to the different patterns of 
dissolution obtained from a cube of sodium chloride by -ling 
(in the USP rotating basket method) at different depths, 
the specific gravity of a eaturated solution of sodium chloride 
is greater than water and this undoubtedly ezag;geratea the effect 
obtained.. In a later papeg Withey vidiaed the flow obtained 
from the rotating basket by wing a strobe lamp, He &owed that 
the fluid nesu the d a c e  of the medium is bare4 moving, and 
the primary pattern of flow is radially from the basket, with 
little vertical mixingMo 

However 
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DISSOLUTION TESTING 279 

The effect of this limited m i x i n g  on the vaxiation in concen- 
trations of drug at different depths in the dissolution flask 
will depend on the properties of the dosage form. If the products 
disintemte into small fine particles with a eplall difference in 
specific gravity between the particles snd the dissolution medium, 
then aamples cszl be taken at different depths without showing any 
difference in concentration, sinae the particles remain suspended 
uniformly. Products which disintegrate into larger particles, or 
those with a U g e  difference in specific gfavity between the paz- 

ticles and the medium, axe likely to show a significant differ- 
ence in aseag. 
ent depths froxu comercia1 Methylprednisolone tablets. 

Figure t showe the effect of -ling at differ- 

The releaae of methylprednisolone was monitored spectrophoto- 
metrically at 246 nanometres. 

The British pharmscopoeia dissolution tests specifiee the 
sampling position 88 being half-way up the basket and half-way 
between the basket and the wall. 

Tenmeratare of the Dissolution Medicine 

The 1977 Addendum specifies that the temperature of the dis- 
solution medicine shall be between 36.5 and 37.5OC. W o n 4  has 
reported that a difference of only 1.5OC in temperature caused 
a 1% variation in the diSSOlUtiOn of aicylic acid standard 
wafers . 

To maintain the temperature at the dissolution medium in the 
flaek within the required limits it is often necessarg to &+sin 
the temperature of the water beth at a 0.5 to l.O°C hi-r tem- 
perature. Heat losses from the dissolution flask can be -ti- 
d l y  reduced by using a glass or acrylic lid, and in the rater D
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280 CARTWRIGHT 

0 10 20 30 45 

Time in minutes 

FIGWE 1. 

Maan Dieeolution Curvee For Tests On Methylpreduieolone 16 m g  
Tablets At 3 Sampling Positions. 

b t h  by wing a cover or by wing floating polypropylene spheres 
(heat lose reduction of up to 75%). 

The time taken for a f h k  of dissolution medim in a large 
water bath to achieve temperature from cold ie often underesti- 
Plated - it can often take up to 2 to 3 hours. 

It ie hporteat to dmok the temperature of the psdim at 
th. beglnningpad end of the nm bypeinga suitable partial im- 
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DISSOLUTION TESTING 281 

mersion thermometer (to British S- 593 or eqavalent) gradu- 
ated to O.I~C. 

Dissolved bir 

The British Pharmacopoeia specifies the uae of de-aerated 
diseolution media. 
form on the surface of the basket meah which can alter the flow 
of medium from the basket. 

If an aerated medium ie used, air bubble8 can 

The medium can be de-rated under vacuum. However, it is 
often more convenient to imperse the flaak of dissolution medium 
in an ultrasonic bath. This method ie leas likely thsa vaauum 

de-aeration to cauae -8 in the concentration of the buffer 
solutions used in many tests. 

Disaolution samples axe filtered to ream- solid particles 
of drug present in  the eample which would otherwise continue to 
dissolve and give spurious readings. Also tablet excipiente 
mi@t otherwise -use turbidity whiah would interfere (for example 
in a spectrophotometric sew). 

It is important to ohooee a filter which does not s w f i -  
cantly adsorb mrrterial from aolution or whit& itself will release 
cury material into the filtered maple wbich d d  interfere w i t h  

the aeeay. Wnbrane filters in a eatable holder used in conjunc- 

tion with a -ling syringe are a convenient system. 

sorbed from eolution by various lpembraae filters. 

Bowever 
UU, carney and &arito5 barn ehow that some drum can be ad- 

%my membrme filtera oontain isooctylpbmumolpthow- 
ethanol as a wetting agent to enable eolutiona to be filtered 
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282 CARTWIGHT 

readily. The marfactant also helps t o  enable the membranes t o  be 
cast during their msnufacture, However the Burfactant can be 
eluted from the membrane f i l t e r .  
at 224 asnometree of successive 20 m l  ssmples of 0.1M HC1 fi l-  

tered through a 25 mm diameter 8pm pore size cellulose acetate/ 
nitrate membrane filter. 

Figure 2 ahare the absorbance 

This problem mainly affects drugs essayed epectrophoto- 
metrioally between 220 and 240 nanometres, 

1 2 3 
Sample Number 
PIG- 2. 

4 

Absorbawe A t  224 nanwtma O f  SUCWSaive Samples Of  0 , l M  HC1 
After Paeaege “bra& A n  8 pm Pore Size Celluloee Acetatebitrate 
20 mm Bbmbrane Filter. 
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D I S S O L U T I O N  T E S T I N G  283 

Suitable inert membrane filters w i t h  a pore size of 1 p  or 
less with no added surfectant are readily available from c-r- 
cia1 sources. 

Speed Vaxiation 

Many drive motors increase in speed after they have been 
running for a period, and thus it is essential to run them for a 
preliminary period before a test is started, The speed alter- 
ation in this initial phase can easily place the speed outside 
the +, 5 specified in the 1977 Addendum to the British 
Pharmaoopoeia. 

Some motors are subject to torsional vibration or "togging", 
where the mean speed is correct but the motor speed varies over a 
short time - slowing down and then speeding up. Motore that do 

this are clearly unsuitable since it could alter the flow of drug 
particles and solution from the basket - causing surges of ma- 
terial. 

One of the commercial multiple head motor drive units can be 
purchssed equipped with a variable speed controller and an indi- 
cating tachometer. This provides a very useful indication of 
speed changes during a test, but should not be used aa an ab- 
solute indication of speed as it has been noted that the Cali- 
bration can chsnge Over several months. 

Motor speeds axe colamonly checked by attachin8 a paper "flag" 
to the spindle and counting with a stopwatch. 
to overcount by this method and set the speed by up to 4% too low. 

Many workere tend 

It is esseotial to carry out an independent check on the 
stirrer speed at the beginnins and the end of each test using a 
suitable tachometer. Mechanical analogue or electronic digital  D
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284 CARTWRIGHT 

tachonmters are readily available which are actuated by a rubber 
pad pressed on the end of the stirrer shaft. 

tachometers can also be purchased which need no contact with the 
stirrer shaft. 

D W - 1  photo- 

Stirrer Shaft Eccentricity 

The 1977 Addendum t o  the British phesmacropoeh limits the 
eccentricity t o  an imperceptible wbble. 
BP baskst assembly is 6.0-6.5 m in diaineter. A l t h o u &  the shaft 
is msmrfaotuFed t o  within 0.1 mi eccentricity it can easily be 
bent i f  miahandled. 
problem uith the BP basket, but the effect is greater with the 
rotating paddle method of USP XIX. 

The aheft at the current 

Sma.ll eccentricities are probably not a 

To minimise wobble the rotating abaft should be supported i n  
two places. 
drive motor with the abaft pirmsd in mounts at the bottom chuck 
and a t  the top of the motor, or 
a guide-bwh with a bewing in the flask cover. No attempt 
ahould be made t o  support the shaft In thwe places. Where the 
shsft is fixed in two p k e s  in the hollow epindle drive the motor 
ehould be adjurrted t o  as near the cover of the flask aa -ti- 
cable (the %lose - coupledn mode). 

Thie can be done eittter by using a hollow spindle 

fixing into the ahuck and wing 

The dinmnsigllg of tbe basket seeembly rma elaeely defined in 
the 1977 Ad&naum t o  the British Pbazmaoopoeia 1973. Although 
moet c w r a i a l  m t a  f a l l  witbin tbe range of dimmaions quoted, 
s a w  beakets have been found which are loager or fhirmer than 

specified. Deviations from the speoification (d particularu 
that for the overall length of the bseket aseeunbly) have been 
found t o  cauae significant differences in dissolution rate. D
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DISSOLUTION TESTING 285 

The me& baskets BJFB also quite fragile and easily bent and 
distorted. Other workera have reported tbat distorted baskets 
can have rough protrusions which can abrade the tablet cawing an 
increase in the dissolution rate. Baskets should be careful ly 

stored, regularly inspected and discerded if bent or distorted t o  

a degree which mamot be corrected by simple manipulation. 

Henson4'6 has identified the effect of displacement vi- 
bration, He introduced measured vibration in  the 10 t o  500 HZ 
frequency range and found that in the 30 t o  60 Ez range there is 
a linear relationship between the dissolution rate and the hori- 
zontal dieplaoement at the dissolution vessels. 
spindle apparatus the effeat of displao.e~fent vibration is t o  alter 
the mean dissolution rate and increase the differenoe between dis- 
solution vessels. 

In a multiple 

Sources of displacement vibration are those related t o  the 
dissolution e q u i p n t  itself (including its water bath end agi- 
tator),  and those e x t e a  t o  it. Erternd souroes can even be 
outside the laboratory i t se l f  (for example a lare puup motor i n  
an adjacent boiler house). More ooumdy ma&imry on the 88108 

bench .as the dissolution tes t  equipment can set up displaceprent 
vibration. 

The diesolution e q u i p n t  i t s e l f  can cause displaeenmnt vi- 
bration. In pasticular the purnp agitator spetema c w  em- 
ployed in the water baths can glve problenre. Ca-m ehcruld be taken 
t o  avoid clemping directly onto the water bath i f  poseible, or  t o  
ineulate it t o  obviate the effects. 

Tbere a,re two baaio teohniquss t o  reduce the effect of dis- 
Ineu- placemeat vibration - ineuletion and increasing the -8. D
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286 CARTWRIGHT 

lation of the water bath for  example can be achieved by muntin6 
on foam. 
covem which i n  turn should be fixed t o  a support which i t se l f  is 
mounted f i m l y  on the water bath. Thus the effective mass of the 

vessels is that of the whole dissolution e q u i p n t  and any vi- 
bration is heavily damped, 

The dissolution vessels should be clamped t o  their 

The level of vibration at the side of the flask can be 
measured by attaching an accelerometer t o  the s ide of the flask 

with wax and connecting the acceleronaeter t o  a vibration metero 
By using a tunable band-paas fi l ter  with the meter, a vibration 
frequsnay spectrogram can be determined. Using the vibration 
meter, the effect of wing different equipment or of altering the 
8ppazmtu8 can be found and the level of vibration minimised. 

'Ib B P  X l x  dissolution vessels ham 8 complex Shape a d  it 
has been noted that they varp in shape depending on the commercial 
source. Undervood and Caddlader have demonetrated some of the 
effects that vessel shape haa on dissolution pattern. 
supplenmnt t o  USP XlX adopted a round bottomed straight sided 
vessel. Although this is clea.rly easier t o  sfaDdardise, Cox and 

his co-workers of FDA have reported that they have found vessels 
which aze not uniform with respect t o  weight, inside diameter and 
inaide amat ive .  Stat is t ical ly  a m f i e a n t  differences were 
found when the same prodact uaa tested in different vessels. 

7 
The 4th 

8 

The use of the flat-bottozped vessel of the B r i t i s h  
pharpecopoeia obviated all the problems of vessel shape and elim- 
bates  this source of inter-laboratory variance. 
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DISSOLUTION TESTING 287 

Many laboratories have chosen to use automated sampling and 
analysis systems to cope with a larm throuehput of samples. 
MBny methods have been published giving details of equipment and 
techniques, but in essence thy mormal ly  consist of a sampling 
probe, a pump and the aaalyti-1 train (often a spectrophotometer). 

The sampling probe usually consists of a n8rrow bore tube 
fitted with a filter (often either of eintered glass or a membrane 
type). Care must be taken to avoid setting up ourrente in the 
dissolution flask when sampling. 

Figure 3 ahowe the effect of pump speed through a porosity 4 
sintered glass filter on the appaz-ent T W  value (the time taken 
to release 5096 of the into solution) of a sample of comer- 
cial Cortisone Acetate Tablet8 25 mg in water as the dissolution 
medium with a basket rotation speed of 100 rev min-'. 

A fast pumping speed can also lead to a layer of undissolved drug 
building up on the filter, which is then percolated and extracted 
by tbe PBS- Of the drl8SOlUtiOll fluid. 

One of the main problems of automated -ling and -is 
systems i s  that the system confaha in the maple probe, lines, 
epectrophotometer flow cells etc a certain volume of fluid. This 
mixes with the next sample aliquot, giving an apparent reeding 

which ie h i m r  or lower then the real one. This effect can be 
minimised by using suitable flow rates, and short runs of mall 
bore (trtmanieaion) tubing to coIUlect items. Wir.rnrP in  fbe line 
can also be minimised by wing air se@nentation 9,10* 
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288 CAR'IWRIGHT 

30 

20 

10 

0 15 30 45 
Flow Rate in mls/minute 

FIGURE 3. 

Mean T5096 values For Cormercial 25 mg Cortisone Acetate Tablets 
At Different Sampling Flow Bates. 

An interesting experiment to evaluate the characteristics 
Of a pactid= -ling system is to p u m ~  blenk biSSolUtion PLB- 
dim cmd then dip the sample probe into a dnag solution rep- 
resenting 8 cmletely diesolved tablet or capsule. 
fore represents an inetepteneaps 1- dissolution. The time 
taLen for the sampling and Bnslyeis syetem to reach 100% can then 
be nrsaeured and thr, system "lag factor" built into Sny calcu- 
lation of release charaateristice of an actual dosage form. 
Figure 4 ahowe thin effect. 

This -re- 
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-Total System 

w 

before solutid 
reaches ; CI 

c 25- 

P 
P 

System 
Time i -  

289 

Ic 

Time 

FIGURE 4. 

The Iag phase O f  An Automated Sampling And Analysis Syetem. 

A s  w e l l  as the vaxiation attributable t o  the dissolution 
equipwrit and t e W q u e ,  there are also sources of variation in 
the analytical method used to  determine the concentration of drug 
in the dissolution media. 

Where epectrophotometric metbode are used for the determi- 
netion, regular ahe- need t o  be p e r f d  on the instrument 
warelength aetting with a holpi\lm filter, and on the --*of 
the absorbam9 setting with diahroaste eolutiam or sfapdarde 

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
/1

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



290 CARTWRIGHT 

glass filters (for example those supplied by the National 
mid Iaboratory, Teddington, Middlesex, Ebgland). Where use 
is made of a quoted extinction coefficient, are  lmret be taken t o  

w e  an instrument at an appropriate band width in relation to the 
peak being meaeared. X o r m ~ l l y  an instrument w i t h  a band width of 
2 nsnametres or lees would be -table. 

Dissolution Calibratore 

There is great hop tbat the beat meana of evaluating the 
characteristics of a particulax eet of diesolution equipment 
would be to m e  a reference preparation with hsovn and closely 
defined dieeolution cbaracterietice. The United States 
PhsrPacopoeia bas proposed providing Diesolution Calibrators 
Disintegrating Type and Non-dieintegrating !J!ype". 

Salicylic acid wafera have been widely used as non-disinte- 
grating diesolution calibrators, and recent4 Bees hae proposed 
using a potassium sorbate wax pellet'*. m v e r  there is evidence 
that the between laboratory variances can be mainly aecribed to 
the effect of apparatw variable6 on the dieeolution during the 
dieintegration w e .  

Calibratore will be a vital part of the standasdieation progcame. 
Thus the provieion of Disintegrating Type 

Grateful aoknovleagerPent is ma&e of the help and cooperation 
of the industrial, aoademic, and other collaboratore who provided 
praotiool help, and contributed many of the ideas in thie paper. 
Ih: J P Chiaeell of Rouseel Iaboratories Limited kindly made avail- 
able tka results of tbe diesolution teete on Cortieone Acetate 
lkblete vhioh on, reported here. 
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