
Calibration of the USP 3 
(Reciprocating Cylinder) 
Dissolution Apparatus 

Summary 

~ 
his article describes in de tail the procedure for 

ca librating the USP 3 (rcciprocni ng cylinder) 
dissolution apparatus. Included ;lrc the assay 
m ethods, calculations, and c rite ri a for passing 
calibration . Also includ ed :l\"C POSSI-

ble ca uses for calibration failure, as 
well as suggestio ns to l11:1kc the 
process more effi cient. 

Introduction 
In 1991 , the US P included the 

r~ciprocating cylinde r ,lpp,lr,ltll s ;IS 

311 alte rnative to the basket and 
p;lddle app,lr;ltllses for drug release 
testing. [1] The reciprocaring 
cylinder ::lpp<1r<ltus design is based 011 

the clisintegr:1lion tester dcscriix;d in 
the USP and BP and consists of six 
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16 mg extended- re lease tilhl ets are tested at 5 
dips per minute (dprn) with s'lJ11 pling at 1 and -+ 
hours, and at 30 dpm with sa mpling at 2 and 6 
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g lass tubes faste n ed vert ica ll y to .' lhm'I'; I/flllJOIIS Illodel "/1-3" USPApprll"flllf.f J 
reciprocHing pistons. The g lass 
tubes contain the formulation to I)c BelOIC: I f'IIKl'll" Hio-Dis USP . lpPllrtltllJ ] 
tested and arc enclosed by screens at 
the top and hottom of the tuhe. Dimensions Ill~ly 
be found in reference 2. For general drug release 
testing) the tubes are imllle rsed in thcnnost<ltted 
vessels contai ning dissolution media ;lIlt! may be 
dipped at a frequency ranging from 5 lO +0 dips 
pe r minute (dpm). The tubes can be moved 
between success ive rows o f vesse ls during an 
assay with :l short drain time allowed <lfter 
remova l from one row :1I1d before il1lll1ersion in 
the nex t. Scllnples may be coll ected frolll vesse ls 
m:lIlually durin g pauses in testing o r afte r rows 
are compl eted , or sampl es may he co ll ected 
during testing by III t;!a ns of an aunched 
;lutosnl11pler. The history of the US P 3 :lPlxlratus 
has been recen tly summari zed. 131 Both VanKel 
"mel I hmso n have versions of the US I? 3 
app::lratus o n the Illarket. 

Calibration Requirements 
10 meet the ca libration requ irements, the 

app<lrnnls must pass limits from three lests with 
two time po ints cach o C hl o rph eniraminc mal eate 
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Calibration of USP 3 ... continued 
hours. Theophylline extended-release beads are 
tested at 15 dpm with sa mpling at 2 and 6 hours. 
The system suitability ranges were established 
th rough a collaborative srudy conducted by the 

Table 1. Calibration criteria for the USP 3 (reciprocating cylin· 
der) apparatus. The limits only pertain to the specific calibrator 
lots listed. 

Dosage Form Reciprocation Rate Time Point limits (% Dissolved) 

Chlorpheniramine 5 dpm 1 hr 22 · 30 
Maleate Extended-
release Tablets, 
16 mg. Lot F 

Theophylline 
Extended·release 
Beads. Lot F-l 

4 hr 51 · 67 

30 dpm 2 hr 37 · 61 

6 hr 
I 

79 · 100 

15 dpm 2 hr 16 · 25 

6 hr 61 · 92 

USP (described in detail in reference 4). Table I 
sUlllmarizes the tests and drug release limits for 
the current USP ca librator lots. All six limi ts 
must be l11et or the apparatus is not considered 
calibrated. 

Calibration Procedure: 
Chlorpheniramine Maleate 
Tablets 
Apparatus set up: 
Bottom screen: 20-mesh stainless steel. 
Top screen: 
Medium: 
Dose: 

None. 
250 mL water at 37.0 ± 0.5°C. 
One tablet per sample tube. 

Sampling protocol: 
Sample volume: 10 mL aliquot per test 

point. 
Sample preparation: Filter sample with a 

0.8 pm Millipore HA 
filter or equiva lent. 
Discard the first 3 mL. 
To the remainder, add 
60 pL of 6 N Hel. 

In addition to the Millipore I-IA filters , we 
have found Gelman non-sterile acrodisc filters, 
either polysulfone or the acry lic copolymer on 
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nylon support, to be acceptable. Filter bias can 
easily be d1ecked by comparing the absorbance 
of a non-filtered solution to that of the same 
solution filtered. A difference of < 2% can be 
considered acceptable from a practical stand­
point. 

T he 6 N Hel solution ca n be prepared by 
di luting concentrated (37%) hydrochloric acid 
with an equal volume of water. We use a digita1 
n1icroliter pipette to accurately add 60 pL to the 
sample. 

Reference Standard Preparation: 
The reference sta ndard should be prepared to 

the equivalent of 16 mg/250 mL. The diluent 
shou ld be 0.1 N Hel. 

UV Endpoint AssflY: 
Wavelength: 264 nm. 
Pathlength: 0.5 cm cell. 
Blank: 0.1 N Hel. 
The procedure that accompanies the tablets 

states that dilution is not needed if a 1.0 cm cell 
is used for the UV analysis. We found on our 
spectrophotometer that the solutions were too 
concentrated and the absorbance was> 1.0. A 0.5 
cm cell brought the absorbance back into the 0 -
1.0 range for which our spectrophotometer was 
calibrated. 

Calculation of Results: 
In order to calcu late percent dissolved, the 

sample concentrations need to be corrected for 
the fact that since 10 mL sa mples are taken, at 
later time points dissolution occurs into a volume 
smaller than the original 250 mL. The following 
are the general equations to be used for any 
method in which samples are pulled out of only 
one row initially containing 250 mL of dissolu­
tion medium. 

The calculation involves fouf steps: 

(1) Calmlate tbe coucelltratio71 in lbe samples 
'relative to the stalldard. 

ex = (Asmp/Astdl*(WstdlVstd) 
where 

Asmp = Sample Absorbance 
Astd = Standard Absorbance 
Wstd = Weight of Standard 
V std = Volume of Standard Dilution 



(2) Cn/CIIlnte the volume il1to which the 'xth' 
sample dissolves. 
Vx = 250 - [(Nx - l)*Vsmp) 
where 

N x = Number of sampl es pulled from vesse l 
Vsmp = Volume of sampl e pull ed /i'om vessel 
For ;l 10 mL sa mpling volume, VslltP. = 10 

mL, Vx = 250 mL for the first sampl e, 240 mL 
for th e second s<1Ill pl e, etc. 

(3) Caicil/ate the percent of Inbel il1 each sn1J/p/e 
,iliquot. 
Sx = Cx*Vsmp*(lOOIL) 
where 

100 = Conversio n factor to % of label 
L = Label strength of tablet 
C x and Vsmp are defi ned previously, L = 16 

mg for th e chlorpheniramine mal ea te calibrator 
tabl ets. 

(4) CnlCIIlate the volume corrected perceut dis­
solved. 
Px = Cx*Vx*(lOOIL) + L:(SI + ... + Sx-I) 

The result fro111 this equation, Px, is the per­
cent dissolved value which is compared to the 
ca librati o n limits. The eq ll<ltion takes into 
account that after a sampl e aliquot is removed 
frol11 the vesse l, the remainder of the drug in th e 
dosage fOfm dissolves in to a smaller volume. It 
th en adds back the amount of drug that was 
removed in the previo us aljquots to get the total 
percent dissolved. 

These are the general eq uations if samples are 
pulled on ly from one row, as in the case of the 
ca librators. If developing a method using more 
than one row, add the amount dissolved in each 
previous row to the current row's resul t to get 
total percent of label dissolved. 

Operating Notes lor Chlorpheniramine Maleate 
Calibrators: 

L1.blets which stick to the bottom screen are 
reported to yield slower drug release profiles and 
should not be used for the limits test. [4] It has 
been our experience that at 5 dips per minute, the 
agitation rate is low eno ugh that the ta bl ets 
remain o n the bottom screen of the sample mbe 
during the test. \Vhether 'stuck' 01' not, drug 
re lease rates from these tablets have always met 
the ca libration requiremen ts. For the 30 dpm 
tcst, tablets contact the bottom screen during the 

up-stroke of th e piston but are suspended in the 
medium during th e piston down-stroke. A table t 
stuck on the bottom screen C::l11 be loosened by a 
tap o n the sid e of the metal piston which ho lds 
the sample ulbe. 

Calibration Procedure: 
Theophylline Beads 

Apparatus set up: 
Bottom screen: 
Top screen: 
Medium: 

Dose: 

40-mesh polypropylene. 
40-mesh polypropylene. 
250 mL 0.1 N H e l at 37.0 ± 

OYe. 
Accurately weigh 200 ± 20 mg 
beads into each cylinder and 
record mass. 

Sampling protocol: 
Sampl e volume: 10 mL aliquot per test point. 
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Calibration of USP 3 ... continued 
S:lIn pl e preparation: Fil te r sam p le with a 

0.81'm M illipore IIA 
filte r o r equiva le nt. 
Discard the fi rst 3 IllL 
:JIld coll ect the remainder. 

A'i in t he e lse o f the chl o rph e niramin c malea te 
calibrators, we have found that in additio n to the 
Millipo re ]-IA filte rs , G elman non-ste ril e 
acrodisc filters, eith er polysulfonc or the acrylic 
copo lym er on nyl on support, arc acceptabl e fo r 
the th eophylline sampl es. 

Reference Standard Preparation: 
The reference standard should be prepared to 

the equi va lent of 58 Illg/ 1 00 1llL. Use 0. 1 N I-I CI 
as th e di lue nt. 
U V Endpoillf Ass(~)': 

Wa velength : 270 nm 
Palhl ength: 0.02 e lll ce ll 
Blank: 0. 1 N II C I 

Calculation of Results: 
Theophyllin e sampl e concentrati ons need ({ ) 

be volume corrected. T he fo llowing equations 
a rc lIsed to calculate results. 

(1) Cnlc'll/Ille fbe CO llCelll"ra t;oll ill Jbe samples 
'reilltive 10 the sloudard. 

C x = (!\;mp/Astd)*(WstdlVstd) 
where 

Asmp = Sample Absorh~lIl ce 
Astd = St;,lJlcbrd Absorhan ce 
"V std = \ Ve ight o f Standard 
Vstd = Vo lullle of Standard D ilution 

(2) Cn/a t/nle tbe voillme i1l to wbh:b 'be 'xtb' 
Jllmple dissolves. 

Vx = 250 - [(Nx - 1)*Vsmpl 
where 

N x = N umber of sa mples pull ed frolll vessel 
V smp = Volume of sa mple pulled from vesse l 

Fo r i1 10 mL sampling vo lulll e, Vsmp = 10 
mL, Vx = 250 IllL fo r the first sampl e, H O !TIL 
fo r th e second sampl e, etc. 

(3) Caim iate tbe pe-reeut of iabel ill eaeb sawpie 
aliq1l0t. 

Sx = Cx*Vsmp*[IOO/(O.n*Wsmp)J 
where 

100 = Conversio n f,lcto r to % of lahel 
0.72 = Theorc ti c~ll weight fr~H.:ti on of th eu­

phyllin e in beads 
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W smp = "" eight of beads . 
ex and Vsmp are defin ed previously. 

(4) Calculnte tbe voillme corrected pc'recul dis­
solved. 
Px = Cx*Vx*[100/(0.n*Wsmp» + I(S I + ... + 

Sx-l) 
T he resul t from this equati on, Px, is the 

percent dissolved value which is compared to the 
calibrati o n limits. The equati o n takes in to 
account th ,H afte r a sa mpl e aliquot is removed 
from th e vessel, th e remainder o f the drug in the 
dosage fo rm dissol ves into a smalle r vo lume. It 
th en ;l(ld s bac k the am o unt o f drug that was 
removed in th e previous ,lliquo ts to get the total 
pe rct.:n t dissolved . 

Operating Notes for Theophylline 
Bead Calibrator: 

\Vh en wcig-hing ou t beads, assembl e the bo t­
{"Om cap , scree n, and g lass cylinder. Then tare the 
,lssembly an d weigh th e heads direc tly in to it. If 
YOll try to weig h in to just th e bo tto m cap with 
scree n, it is difficult to screw in the g lass cylinder 
witho ut trappin g and crushing some of th e beads 
between the cap and th e cylind er. 

General Notes 
Fo r th e en t ire calibratio n procedure, we 

prep:lrc 2 lite rs o r 0 .1 N I-I CI from standard 
volumetri c concentrates whi ch are cOlllm ercially 
aV;:lilahIe. Of the 2 li te rs, 250 mL is used fo r the 
c hl or ph e nir a m i n e r e fe r e n ce standard, 1.5 
L fo r the th eophyll in e he;ld di ssolution medium, 
and 100 IllL is used fo r th e th eo ph yllin e 
re fe rence standard. The remainin g 150 mL is 
:lv:lih,ble fo r UV blanks. 

\ Vhen tracki ng do wn the cause o f c~llibration 
fa ilures, conside r the fo ll owi ng sugges tio ns. It 
has bee n shown that of a ll instrum ent 
p;lr;lln e lcrs, sustain ed re le.1se formul ati o ns are 
most a ffected by rec iprocati o n r;He . 15 1 The 
reciprocati o n ratc l1l ;lY be chec ked with a 
sto p w;1tch , In a it is anti c ipa ted tha t sm ail 
dc \,jatio n'i will nor affect d rug re lease nu e o f the 
calibrators to ;1I1Y g rea t extent, cspcci,ll1 y for the 
th eo ph yllin e heads. U nl ess the re is a seri o li S 

pro hlem with lhe appara tus, ;l more likely cause 
o f failure involves th e analytical assay. Assure that 
the absolute absorbance is within th e cnlibrated 
range o f the de tector. I f no t, the cell may be the 
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Calibration of USP 3 ... continued 
wrong size. Check that the appropriate analytical 
wavelength is being used. Prepare an add itio llal 
sta ndard and check its relative absorban ce <lgaillsl 
that of the original standard. If significantly 
different, the origina l standard Illay h<1VC been 
improperly prepared. If lIsing a sipping device for 
the VV spectrophotometer, ensure there is no 
c,uryovcr by funning a blank after the standard. 
Lf carryover occurs, increase the flush vo lume 
until carryover drops to an acceptably low level. 

[f the ca use or the failure can be traced to one 
of the above or a similar analytical error, it may 
be approp ria te to just document the deviation 
and reaSS:1Y the sa mpl es using the corrected 
procedure. In the event rh :'lt :1 specific cause for 
failure can not be identified, quantities of samples 
are not sufficie nt for reassay, or too much time 
has elapsed so sample intcgrity is questionahle, 
then retest. It is only necess<1ry to repeat the 
calibration test(s) which failed, although both 
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time points per test condition should be 
measured. 
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