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Fig. 3. Reciprocating Disk Sample Holder.?
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Fig. 4a. Transdermal System Holder—Angled Disk.
cal-shaped sample holder. Trim the excess substrate with a solution containers from the bath, cool to room tempera-
sharp blade. . ture, and add sufficient solution (i.e., water In most cases
.Sample Preparation C (Other drug delivery systems)— to correct for evaporative losses. Perform the analysis as di-
Attach each system to be tested to a suitable?{ol%ier, as de- rected in the individual monograph. Repeat the test with
scribed in.the individual monograph. ) ' additional drug delivery systems as required in the individual
Procedure->-Suspend each. sample holder from a verti- monograph. . o .
cally reciprocating. shaker such that each system is continu- Interpretation—Unless otherwise specified in the individ-
ously immersed in an accurately measured volume of Disso- ual monograph, the requirements are met if the quantities
lution. Medium within a calibrated container pre-equilibrated ~ of the active ingredients released from the system conform
to temiperature, T. Reciprocate.at a frequency of about 30 to Acceptance Table 2 under Dissolution (711) for coated tab-
cycles per minute with an amplitude of about 2 cm, or as let drug delivery systems, to Acceptance Table 1 for trans-

specified In the individual monograph, for the specified time ~ dermal drug defivery systems, or as specified in the individ-
in the.medium specified for each time point. Remove the :
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Virgin Tefion Cylinder 35/8" x 13/8" 0

Stainless Steel Rod
8" x1/8" 0

Parker O-ring 2-026-V884-75

Q= diameter

Fig. 4b. Transdermal System Holder—Cylinder.

Acrylic Rod 12" x 1/8" 0

O=diameter

Fig. 4¢. Oral Extended-Release Tablet Holder—Rod, Pointed for Gluing.

R
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Stalnless Steel Spring

Dimensions ,
A 8 .
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1.40 [ .31 0
.96 330
.80 | .250
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Stoinless Steet Tubing
1" x1/8" 0

Fig. 4d. Oral Extended-Release Tablet Holder—Spring Holder.

ual monograph. Continue testing through the three levels
unless the results conform at either Ly or L.,

(726) ELECTROPHORESIS

 Electrophoresis refers to the migration of electricall
charged proteins, colloids, molecules, or other particles
when dissolved or suspended in an electrolyte through
which an electric current is passed. '

Based upon the type of apparatus used, electrophoretic
methods may be divided into two categories, one called free
solution or moving boundary electrophoresis and the other
called zone electrophoresis.

. In the free solution method, a buffered solution of proteins
n'a U-shaped cell is subjected to an electric current which
Causes the proteins to form a series of layers in order of
decreasing mobility, which are separated by boundaries. -
Only a part of the fastest moving protein is physically sepa-

rated from the other proteins, but examination- of the mov-
ing boundaries using a schiieren optical system provides
data for calcuiation of mobilities and information on the
quaiitative and quantitative composition of the protein
mixture,

in zone efectrophoresis, the sample is introduced as a nar-
row zone or spot in a column, slab, or film of buffer, Migra-
tion of the components as narrow zones permits their com-
plete separation. Remixing of the separated zones b
thermal convection is prevented by stabilizing. the efectro-
lyte in a porous matrix such as a powdered solid, or a fi-
brous material such as paper, or a gel such as starch, agar,
or polyacrylamide.

Various methods of zone electrophoresis are widely em-
ployed. Gel electrophoresis, particularly the variant called disk
electrophoresis, is especially useful for protein separation be-
cause of its high resolving power.

Gel electrophoresis, which is employed by the compen-
dium, is discussed in more detait following the presentation
of some theoretical principles and methodological practices,
which are shared in varying degrees by all electrophoretic
methods.

The electrophoretic migration observed for particles of a
particular substance depends on characteristics of the parti-
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2.9.4. Dissolution test for transdermal patches

QUALIFICATION AND VALIDATION

Due to the mature of the test method, quality by des1gn is'an
important qualification aspect for in vifro dissolution test
equipment. Any irregularities such as vibration or undesired
agitation by mechanical imperfections are to be avoided.

Qualification of the dissolution test equipment has to
consider the dimensions and tolerances of the apparatus,
Critical test parameters, such as temperature and volume
of dissolution medium, rotation speed or liquid flow rate,
sampling probes and procedures have to be monitored
periodically during the periods of use.

The performance of | the dissolution test equipment may be
monitored by testing a reference product which is sensitive
to hydrodynamic conditions. Such tests may be performed
periodically or continuously for comparative reasons with
other laboratones

During testmg, critical inspection and observatlon are
requived. This approach is especiaily important to explain
any outlying results.

Validation of automated systems, whether concerning

the sampling and analytical part or the dissolution

media preparation and test performance, has to consider
accuracy, precision, and the avoidance of contamination
by any dilutions, transfers, cleaning and sample or solvent
preparation procedures.

DISSOLUTION SPECIFICATIONS
FOR ORAL DOSAGE FORMS

‘The dissolution specification is expressed as the quantity Q
of the active substance as a percentage of the content stated
on the product label, which is dissolved in a specified time
frame.

Conventional-release dosage forms

Unless otherwise specified, the value of @ is 75 per cent. In
most cases, when tested under reasonable and justified test
conditions at least 75 per cent of the active substance is
released within 45 min. Typically, one limit is specified to
ensure that most of the active substance is dissolved within
the pre-set time period.

In cases where a longer release time than that recommended
above is justified, limits at 2 time intervals may be specified.

Prolonged-release dosage forms

A manufacturer’s dissolution specification for
prolonged-release dosage forms is normally expected to
consist of 3 or more points, The first specification point is
intended to prevent unintended rapid release of the active
substance (‘dose dumping’). It is therefore set after a testing
period corresponding to a dissolved amount of typically

20 per cent to 30 per cent. The second specification point
defines the dissolution pattern and so is set at around

50 per cent release. The final specification point is intended
to ensure alimost complete release which is generally ..
understood as more than 80 per cent release.

Delayed-release dosage forms

A delayed-release dosage form may release the active
substance(s) fractionally or totally according to the
formulation design when tested in different dissolution
media, e.g. in increasing pH conditions. Dissolution
specifications have, therefore, to be decided from case to
case.

Gastro-resistant dosage forms require at least 2 specification
points in a sequential test and 2 different specifications in

a parallel test. In a sequential test, the first specification
point is set after 1 h or 2 h in acidic medium and the second

one at a pre-set time period of testing in an adequate buffer
solution (preferably pH 6.8). Unless otherwise specified, the
value of Q is 75 per cent.

01/2008:20904

2.9.4. DISSOLUTION TEST FOR
TRANSDERMAL PATCHES

This test is used to determine the dissolution rate of the

active ingredients of transdermal patches.

1. DISK ASSEMBLY METHOD
Equipment. Use the paddle and vessel assembly from the
paddle apparatus described in the dissolution test for solid
oral dosage forms (2.9.3) with the addition of a stainless
steel disk assembly {SSDA) in the form of a net with an
aperture of 125 um (see Figure 2.9.4.-1).

125 pm mesh

stainless steel net

\ el
L/

4.5 mm

Y

:{ 3.3 mm

«—— 41.2mm

Figure 2.9.4.-1. — Disk assembly

The SSDA holds the system at the bottom of the vessel

and is designed to minimise any dead volume between the
SSDA and the bottom of the vessel. The SSDA holds the
patch flat, with the release surface uppermost and parallel
to the bottom of the paddle blade. A distance of 25 + 2 mm
between the bottom of the paddle blade and the surface of
the SSDA is maintained during the test (see Figure 2.9.4.-2).
The temperature is maintained at 32 + 0.5 °C, The vessel
may be covered during the test to minimise evaporation.

Procedure, Place the prescribed volume of the dissolution
medium in the vessel and equilibrate the medium to the
prescribed temperature. Apply the patch to the SSDA,
ensuring that the release surface of the patch is as flat

as possible. The patch may be attached to the SSDA by a
prescribed adhesive or by a strip of a double-sided adhesive
tape. The adhesive or tape are previously tested for the
absence of interference with the assay and of adserption of
the active ingredient(s). Press the patch, release surface
facing up, onto the side of the SSDA made adhesive. The
applied patch must not overlap the borders of the SSDA.
For this purpose and provided that the preparation is
homogeneous and uniformly spread on the outer covering,
an appropriate and exactly measured piece of the patch

—>
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2.9.4. Dissolution test for transdermal patches

EUROPEAN PHARMACOPOQEIA 6.0

may be cut and used for testing the dissolution rate. This
procedure may also be'necessary to achieve appropriate
sink conditions. This procedure must not be applied te
membrane-type patches. Place the patch mounted on the
SSDA flat at the bottom of the vessel with the release surface
facing upwards. Immediately rotate the paddte at 100 r/min,
for example. At predetermined intervals, withdraw a sample
from the zone midway between the surface of the dissolution
medium and the top of the blade, not less than 1 cm from
the vessel wall.

Perform the assay on each sample, correcting for any volume
losses, as necessary. Repeat the test with additional patches.

mmte— Dissolution vessel

Paddle

X /// 1‘
l \_/i ia.;mmm

A

Disk assembly

Figure 2.9.4.-2. — Paddle and disk

2. CELL METHOD

Equipment. Use the paddle and vessel assembly from the
paddle apparatus described in the dissolution test for solid
oral dosage forms (2.9.3) with the addition of the extraction
cell (cell).

The cell is made of chemically inert materials and consists
of a support, a cover and, if necessary, a membrane placed
on the patch to isolate it from the medium that may modify
or adversely affect the physico-chemical properties of the
patch (see Figure 2.9.4.:3).

Support. The central part of the support forms a cavity
intended to hold the patch. The cavity has a depth of 2.6 mm
and a diameter that is appropriate to the size of the patch to
be examined. The following diameters can be used: 27 mm,
38 mm, 45 mm, 52 mm, corresponding to volumes of 1.48 ml,
2,94 mi, 4.13 mi, 5.52 ml, respectively.

Cover. The cover has a central opening with a diameter
selected according to the size of the patch to be examined.
The patch can thus be precisely centred, and its releasing
surface limited, The following diameters may be used:

20 mm, 32 mm, 40 mm, 50 mm corresponding to areas of
3.14 cm?, 8.03 cm?, 12.56 cm?, 19.63 cm? respectively. The

cover is held in place by nuts screwed onto bolts projecting
from the support. The cover is sealed to the support by a
rubber ring set on the reservoir.

Nuts

—» Cover

I 8.5mm

Membyrane

> Bolls

N Rubber ring

J—v Reservoir

} 96mm

2.8mm

o
(gae)

52 mm
21.23 cm®

70.5 mm

— 27 mm

|——— 38 mm

——————>45 mm

52 mm

Figure 2.9.4.-3. — Extraction cell

Extraction cell. The cell holds the patch flat, with the
release surface uppermost and parallel to the bottom of
the paddle blade. A distance of 25 £ 2 mm is maintained
between the paddle blade and the surface of the patch
{see Figure 2.9.4.-4). The temperature is maintained at
32 £ 0.5 °C. The vessel may be covered during the test to
minimise evaporation.

Procedure. Place the prescribed volume of the dissolution
medium in the vessel and equilibrate the medium to the
prescribed temperature, Precisely centre the patch in the
cell with the releasing surface uppermost. Close the cell, i
necessary applying a hydrophobic substance {for example,
petrolatum) to the flat surfaces to ensure the seal, and
ensure that the patch stays in place. Introduce the cell flat
into the bottom of the vessel with the cover facing upwards.
Immediately rotate the paddle, at 100 r/min for example. At
predetermined intervals, withdraw a sample from the zone
midway between the surface of the dissolution medium and
the top of the paddle blade, not less than 1 cm from the
vessel wall

Perform the assay on each sample, correcting for any volume
losses, as:necessary. Repeat the test with additional patches.
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2.9.4. Dissolution test for transdermal patches

Paddle

i Dissolution vessel

Figurg 2.9.4.4. — Paddle over extraction cell

3. ROTATING CYLINDER METHOD

Equipment. Use the assembly of the paddle apparatus
described in the dissolution test for solid oral dosage forms
(2.9.3). Replace the paddle and shait with a stainless steel
cylinder stirring element (cylinder) (see Figure 2.9.4.5). The
patch is placed on the cylinder at the beginning of each -
test. The distance between the inside hottom of the vessel
and the cylinder is maintained at 25 + 2 mm during the test.
The temperature is maintained at 32 £ 0.5 °C. The vessel is
covered during the test to minimise evaporation.

Procedure. Place the prescribed volume of the dissolution
medium in the vessel and equilibrate the medium to the
prescribed temperature. Remove the protective liner from
the patch and place the adhesive side on a piece of suitable
inert porous membrane that is at least 1 cm larger on all
sides than the patch, Place the patch on a clean surface with
the membrane in contact with this surface. Two systems for
adhesion to the cylinder may be used: -

— apply a suitable adhesive to the exposed membrane
borders and, if necessary, to the back of the patch,

— apply a double-sided adhesive tape to the external wall
of the cylinder. v

Using gentle pressure, carefully apply the non-adhesive side

of the patch to the cylinder, so that the release surface is in
contact with the dissolution medium and the long axis of the
patch fits around the circumference of the cylinder.

The system for adhesion used is previously tested for absence
of interference with the assay and of adsorption of the active
ingredient(s). " ‘
Place the cylinder in the apparatus, and immediately rotate
the cylinder at 100 r/min, for example. At determined
intervals, withdraw a sample of dissolution medium from a
zone midway between the surface of the dissolution medium
and the top of the rotating cylinder, and not less than 1 cm
from the vessel wall. -

Perform the assay on each sample as directed in the
individual monograph, correcting for any volume withdrawn,
as necessary. Repeat the test with additional patches.

Interpretation. The requirements are met if the quantity
of active ingredieni(s) released from the patch, expressed
as the amount per surface area per time unit, is within the
prescribed limits at the defined sampling times.

.....
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Figure 2.9.4.5. — Cylinder stirring element
Dimensions in centimetres
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suitable spectrophotometer, using. water as the bfank: the ratic
Azasf Az Is between 0.63 and 0.67.

Dissolution, Procedure for a Pooled Sample (711)—
Medium: water; 900 mL.
Apparatus 2: 50 rpm,
Time: 45 minutes.

Procedure—Determine the amount of CsHgN,O dissolved,
employing the procedure set forth in the Assay for niacin or
niacinamide, pyridoxine hydrochloride, ribofiavin, and thiamine
under Water-soluble Vitamins Tablets, using filtered portions of
the solution under test, suitably diluted with Dissolution Me-
ditm, if necessary, In comparison with a Standard solution hav-
ing a known concentration of USP Niacinamide RS in:the same
medium,

Toierances—Not less than 75% (Q) of the labeled amount'éf
CsHsN2QO is dissolved In 45 minutes. :

Uniformity of dosage units (905): meet the requirements.

Assay—Proceed with Tablets as directed for Chemical Method
under Niacin or Niacihamide Assay (441), using Standard
Niacinamide Preparation as the Standard Preparation in the Assay
Procedure: and the following as the Assay Preparation. Weigh
and finely powder not less than 10 Tablets, Weigh accurately a
quantity of the powder, equivalent to about 25 mg of
niacinamide, and transfer with the aid of about 50 mL of water
to a 250-mlL volumetric flask. Heat, if necessary, until no mare
dissolves, cool, dilute with water to volume, and mix. Pipet

10 mL of the solution into a 100-mi volumetric flask, dilute
with water to volume, and mix. Calculate the quantity, in mg,
of CsHgN2Q in the portion of Tablets taken by the formula:

25(Ay / As).

Nicotine

CigHisNz  162.23
3-(1-Methyl-2-pyrralidiny)pyridine.
B-Pyridyl-o-N-methyl pyrrolidine  [$4-11-5].

» Nicotine contains not less than 99.0 percent
and not more than 101.0 percent of CioH14N;,
calculated on the anhydrous basis.

Packaging and storage—Store under nitrogen in well-closed
containers below 25°, protected from light and moisture.

USP Reference standards (11)—
USP Nicotine Bitartrate Dihydrate RS

Identification, Ultraviolet Absorption {197U)—

Solutions—Prepare a solution of Nicotine in water having a
concentration of about 1 mg per mL. Transfer 1.0 mL of this
solution to a 50-mL volumetric flask, dilute with 0.1 N hydro-
chioric acid to.volume, and mix to obtain the test solution.
Transfer an amount of USP Nicotine Bitartrate Dihydrate RS,
equivalent to about 50 mg of nicotine, to a 25-mi, glass-stop-
pered tube, Add 5 mL of 8 N ammonium hydroxide; 2 mL of
1 N sodium hydroxide, and 20 mL of n-hexane. Shake for 5
minutes, allow the phases to separate, transfer the upper n-
hexane layer to a vial, and evaporate with a stream of nitrogen
gas. [iNOTE'—-Avoid excessive drying to prevent loss of nicotine.)
Dissolve the residue of the nicotine so obtained in water to:
obtain a solution havin? a concentration of-about 1 mg per mt,
Dilute 1.0 mL of this solution with 0.1 N hydrochloric acid to
50.0 mL, and mix to obtain the Standard solution,

Specific rotation (781S): between -130° and ~143°,

USPIEZ 454k ( == F o RR BRI S )

Usp E71

Test solution: 20 mg per mL, in alcohol,
Water, Method 1 (921): not more than 0.5%.
Heavy metals, Method 1 (231): not more than 0.002%,
Chromatographic purity—

Test solution—Dissolve about 0.13'g of Nicotine, accurate|
weighed, in dichloromethane, dilute with dichloromethane to
25.0 mi, and mix.

Reference solutions—Dilute accurately measured volumes of
the Test solution quantitatively, and stepwise if necessary, with
dichicromethane to obtain Reference solution A and Reference
solution 8 having concentrations of about 26 ug per mL and
52 ug per mi, respectively.

Chromatographic system (see Chromatography (621))—The
gas chromatograph is equipped with a flame-ionization dete
maintained at 270° and a 0.53-mm x 30-m fused silica calumg
bonded with a 1.5-um layer of phase G1. Helium is used as the
carrier gas at a flow rate of 20 mL per minute. The column
temperature is maintained at 50° for 6 seconds, then pro-
grammed to rise fram 50° to 250° at 6° per minute, and finaily
held isothermally at 250° for 3 minutes,

Procedure—Separately infect equal volumes (about 1 pl) of
the Test solution, Reference solution A, and Reference solutien 8
Into the chromatograph, and allow the Test solution to elute for
not less than 2.5 times the retentlon time of nicotine. Record
the chromatograms, and measure all of the peak responses, The
sum of the peak responses, excluding that of nicotine, from the
Test solution Is not mare than that of the nicotine respanse from
Reference solution B (1.0%), and no single peak response is
greater than that of the nicotine response from Reference sofu-
tion A (0.5%). . : -
Assay—Dissolve about 60 n'ng' of Nicotine, accurately weighed,
in 40 mL of glacial acetic acid, and-titrate with 0.1 N perchloric
acid VS, determining the endpoint potentiometrically (see Ti-
trimetry (541)). Perform a blank determination, and make any
necessary correction. Each mi of 0.1 N perchloric acid Is equiv-
alent to 8,11 mg of CyoHiNa.

—aFy ﬁ)ﬁ‘ﬂ”ﬂ@@%ﬁﬂ

Nicotine Transdermal _System

» Nicotine Transdermal System contains not less
than 90.0 percent and not more than 110.0 per-
cent of the labeled amount of nicotine
(CioH1sN2).

Packaging and storage—Preserve in the hermetic, light-resls-
tant, unit-dose pouch. - )

Labeling—The labeling indicates the Drug Release Test with
which the product complies.

USP Reference standards (17}~

USP Nicotine Bitartrate Dihydrate RS

Identification—The retention time of the major peak in the
chromatogram of the Assay preporation corresponds to that in
the chromatogram of the ‘Stondard preparation, as obtained in
the Assay.

Drug release {724)—

TEST 1—if the product complies with this test, the labeling
indicates that it meets USP Drug Release Test 1.

Medium: Phosphoric acid solution (1 in 1000); 250 mL, In a
tall-form beaker.

Apparatus 7—Proceed as directed in the chapter, using the
transdermal ssystem holder—cylinder (see Figure 4b). Center the
Transdermal System onto a dry, unused 10-cm x 10-cm piece
of Cuproghan dla!zsis membrane with the adhesive side against
the membrane, taking care to eliminate air bubbles between
the membrane and the release surface. Attach the membrane
to the cylinder using two Parker O-rings, such that one of the
borders of the transdermal system is aligned to the graove and
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it js- wrapped around the cylinder. The filled beakers are

ineighed and pre-equilibrated, to 32.0 0.3, Frior to immersing
%thé test sample, Reciprocate at a frequency of about 30 cycles
5ﬁer minute with an amplitude of 2.0+ 0.1 ¢cm. At the end of

L ach. time Interval, transfer the test sample to a fresh beaker
feontaining the appropriate volume of Medlum, weighed and
;‘P‘,;.e uifibrated to 32.0 £ 0.3° At the end of each release inter-
Nal, allow the beakers to cool to room temperature, make u

‘for evaparative losses by adding water to obtain the origina
-welght, and mix. This solution is the final Test solution.

¥ Times: 2, 12, and 24 hours.

i Petermine the amount of Cioh14N2 released by employing
.ihe following method.

%+~ Mobile phase—Transfer 0.2 mL of N,N-dimethyloctylarnine to
.2 1-L volumetric flask, add 220 mL of acetonitrile, and mix. Add
300 mL of water, 0.2 mL of glacial acetic acid, 0.20 g of anhy-
:drous sodium acetate, and 0.55 g of sodium 1-
‘dodecanesulfonate, and dilute with water to volume. Mix for 1
‘hour until clear. Filter and degas. Make adjustments if necessary
i(see. System Suitability under Chromatography (621)). [NOTE—
iequilibration of the column may take.as long as 3 hours.]
“,.:.Standard solution—Dissolve an accurately weighed quantity
.of USP Nicotine Bitartrate Dihydrate RS in Medium, ang dilute
;quantitatively, and stepwise if pecessary, with Medium to obtain
:a solution having a known concentration of about 0.142 mg of
‘nicotine bitartrate per mL (or 0.046 mg nicotine as free base
-per mb). [NoTE—About 80 mL of this solution Is required in or-
‘der to prepare the System suitabifity solution.}

. =, System suitability solution—Transfer 8 mg (free base) of nico-
;tine to a 100-mL volumetric flask, and dissolve in 10 mL of
tacetonitrile. Add S mL of 30% hydrogen peroxide, and allow 15
mihutes to react, Dilute with Medfum to volume, and mix.
iTransfer 20 mi. of this solution to a- 100-mL volumetric flask,
‘dilute with Standard solution to volume, and mix.

" Chromatographic system (see Chromatography {(621))—The
‘liquid chromatograph is equipped with a 254-nm detector and
ia 4.6-mm x 15-cm column that contains packing L1. The flow
*rate is about 1 mL per minute. Chromatograph the: System suit-
“ability solution, and record the peak responses as directed for
*Procedure: the resolution, R, between nicotine and any degrada-
-tion peaks is not less than 1,1; the talling factor is not more
:than. 2.0; and the relative standard deviation for replicate-injec-
‘tlons is not more than 1.5%.

=7 Procedure—Separately inject equal volumes (about 50 ul) of
filtered portions of the Standard salution and the solution under
-test Into the chromatograph, record the chromatograms, and
‘measure the responses for the major peaks.

" Tolerances—The amount of CioH14N; released, as a percent-
-age of the labeled amount of the dose absorbed in vivo, at the
_..t;me.s specified below, conforms to Acceptance Table 1.

J;-__Mﬂ) Amount dissolved

0-2 between 31% and 87%
2-12 between 62% and 191%
12-24 between 85% and 261%

., TesT 2—If the product compiles with this test, the labeling
Andicates that it meets USP Drug Release Test 2. ,
" Phosphate buffer—Dissolve 40.0 g of sadium chioride, 1.0 g
of potassium chloride, 8.66 g of dibasic sodium phosphate, and
1.0 g of monobasic potassium phosphate in 5 . of water.
Medjum: Phosphate buffer; 500 mL.
Apparatus 6: 50 rpm, dauble-sided tape being used to at-
tach the Transdermal System to the cylinder.
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Times: 6 and 24 hours.
Determine the amount of CiothaNz released by employing
the following method.

Mobile phase—Proceed as directed in the Assay.

System suitability solution—Transfer 1.0 mL of the System suit-
ability sofution, prepared as directed in the Assoy, to a 100-mL
volumetric flask, dilute with Medium to volume, and mix.

Standard solution—Pipet 6.0 mL of the Standard preparation,
prepared as directed in the Assay, into a 50-ml volumetric flask,
dilute with Medium to volume, and mix. Dilute quantitatively
and stepwise with Medium to obtain an appropriate final
concentration.

Test solution—At each of the test times, withdraw a 2-mL
allquot of the solution under test. [NOTE—Replace the aliquots
withdrawn for analysls with fresh portions of Medium.}

- Chromatagraphic system (see Chromatography (6217)—The
fiquid chrematograph is equipped with a 260-nm detector and
a 4:6-mm x 12.5-cm column that contains packing L1. The
flow rate is about 1 mL per minute. Chromatograph the Stan-
dard solution used for the 6-hour interval, and record the peak
responses as directed for Procedure: the resolution, R, between
4, 4’-dipyridyl and nicotine is not less than 5.0; the tailing factor
is not more than 2.0; and the relative standard deviation for
replicate injections Is not more than 2.0%,

Procedure—Separately inject equal volumes (about 100 pL)
of the filtered gortion of the Stondard solution and the Test solu-
tion into the chromatograph, record the chromatograms, and
measure the responses for the major peaks.

Tolerances—The amount of CioHiN; released, as a percent-

age of the labeled amount of the dose absorbed in vivo, at the
times specified, conforms to Acceptance -Tabte 1.

Amount dissolved
between 71% and 157%
24 between 156% and 224%

__Time (hours)
6

TEST 3—If the product complles with this test, the labeling
indicates that it meets USP Drug Release Test 3.

Medium: water; 900 mL.

Apparatus 5: 50 rpm, the stalnless steel disk assembly being
replaced with a S-cm watch gilass for an 11-mg Transdermal
System and an 8-cm watch glass for a 22-mg Transdermal
System,

Times: 1, 2, and 4 hours,

Standard’ solution—Prepare a solution of USP Nicotine Bitar-
trate Dihydrate RS In water having a known concentration of
nicotine similar to that of the solution under test,

Procedure—Determine the amount of CigHwN; released by
employing UV absorption at the wavelength of maximum ab-
sorbance at about 259 nm, in comparison with the Standard
solution, using water as the blank.

Tolerances—The amount of CioH14N2 released, as a percent-
age of the labeled amount of the dose absorbed in vivo, at the
times specified, conforms to the following Acceptance Table.

Time (hours) Amount dissolved

1 between 35% and 75%
2 between 55% and 95%
4 not less than 73%
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Acceptance Table

Level _Tested §
L [

Criteria

No individual value lles autside each of
the stated ranges and no individual
value is less than the stated amount
at the final test time.

The average value of the 12 units (L +
L2} lies within each of the stated
ranges and Is not less than the stated
amount at the final test time; none is
more than 5% of the labeled content
outslde each of the stated ranges;
and none is more than 5% of the la-
beled content below the stated
amount at the final test time.

The average value of the 24 units (L +
L2 + L) lies within each of the stated
ranges and is not less than the stated
amount at the final test ime; not
more than 2 of the 24 units are more
than 5% of labeled conient outside
each of the stated ranges; not more
than 2 of the 24 units are more than
5% of the labeled content below the
stated amount at the final test time;
and none of the units is more than
109% of the labeled content outside
each of the stated ranges or more
than 10% of the labeled content be-
low the stated amount at the final
test time.

L [

13 12

TEST 4—If the product complies with this test, the labeling
indicates that it meets USP Drug Release Test 4.

Medium: 0.025 N hydrochloric acid; 600 mL.

Apparatus 5; 58 rpm, a convex screen being used to hold
the Transdermal System in position during testing.

Times: 4 and 16 hours,
. f t;andard sofution and Procedure—Proceed as directed under

est 3,

Tolerances—The amount of CioHi4N2 released, as a percent-
age of the labeled amount of the dose absorbed in vivo, at the
times specified, conforms to Acceptance Table 1.

Amount dissolved
between 36% and 56%
16 between 72% and 112%

Time (hours)
4

TEST 5—IF the product complies with this test, the labeling
indicates that it meets USP Drug Releose Test 5.

Phosphate buffer, Medfum, and Apparatus—Proceed as di-
rected under Test 2.

Times: 3, 6, and 24 hours,
Moblle phase—Proceed as directed In the Assay.

System suitability solutlon, Standard solution, Test sclution, and
Chromatographic system—Proceed as directed under Test 2.

Procedure—Proceed as directed under Test 2 except to inject
about 30 pL.

USP 34

Tolerances—The amount of CioHiuN:2 released, as a percent.
age of the labeled amount of the dose absorbed in vivo, at the
times specified, conforms to Acceptance Table 1.

Time (hours Amount dissolved

3 between 79% and 112%
6 between 108% and 141%
24 between 156% and 202%

Uniformity of dosage units (905): meets the requirements,
Assay—

Mobile phase—Mix 300 mL of acetonitrile, 700 mL of water,
and 1 mL of triethylamine, filter, and degas. Make adjustments
if necessary (see System Suitability under Chromatography (621Y),

Standord preparation—Dissolve an accurately weighed quan.
tity of USP Nicotine Bitartrate Dihydrate RS in water to obtain 3
stock solution having a known concentration of about
26.87 mg per mL. Quantitatively dilute a volume of the stock
solution with methanol to obtain a solution having a known
concentration of about 5.37 mg of USP Nicotine Bitartrate
Dihydrate RS per mL. fnoTE—This sciution contains 1,75 mg of
nicotine per mL.]

System suitability solution—Transfer about 8 mg of 4,4'-
dipyridyl to a 25-mL volumetric flask, add 5.0 mL of the Stan-
dard- preparation, dilute with methanol to veolume, and mix,

Assay preparatfon—Cut an accurately counted number of
Transdermal Systems, equivalent to about 175 mg of nicotine,
based on the label claim, into strips 5 cm? in area, Remove the
protective liners, if any, ffom the strips, and discard. Transfer
the strips to a 250-mL flask, and add 100.0 mL of methanol.
Insert the stopper into the flask, and shake by mechanical
means for about 3 hours. Filter, and use the clear filtrate as the
Assay preparation. ’

Chromatographic system (see Chromatography {621))—The
liquid chromatograph is-equipped with a 260-nm detector and
a 4.6-mm x 25-cm column containing packing L1. The flow
rate is about 1.5 mL per minute. Chromatograph the System
suitabliity solution, and record the peak responses as directed for
Procedure: the resolution, R, between nicotine and 4,4'-dipyridyl
Is not less than 5.0. Chromatograph the Standard preparation,
and record the é)eak responses as directed for Procedure: the
relative standard deviatlon for replicate injections is not more
than 1.0%. ‘

Procedure—Separately Inject equal volumes (about 10 L) of
the Standard preparation and the Assay preparation into the
chromatograph, record the chromatograms, and measure the
areas for the major peaks. Calculate the percent label claim of
?icotine (CioHi4N2) In each Transdermal System taken by the
formula:

100(162.23/462.41Cs / Cu)(ru/ rs)

in which 162.23 and 462.41 are the molecular weights of nico-
tine and anhydrous nicotine bitartrate, respectively; s is the
concentration, in mg per mL, of USP Nicotine Bitartrate.
Dihydrate RS in the Standard preparation; Cy is the nominal con-
centration of nicotine In the Assay preparation, based on the
label claim; and ry and rs are the nicotine peak responses ob-
tained from the Assay preparation and the Standard preparation,
respectively. :
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Changes in Dissolution Behavior of Tocopherol Nicotinate Capsules during Storage

Masami KAWAGUCHI*#, Keiji KAJIMURA* and Shuzo TAGUCHI*

Summary

Many drugs have recently been recalled from the market because of dissolution problems. In the past three years, 27
cases of recall due to decreased dissolution rate after storage have been reported.

Dissolution seems more likely to be altered during storage than any other product requirement. Thus, we examined the
changes in the dissolution of tocopherol nicotinate capsules during storage under various conditions, and investigated the
causes of variations.

Four products were stored under 3 conditions (25°C/60% RH, 40°C/75% RH, and 25°C/75% RH), and dissolution tests
were performed after 0, 3, and 6 months. Using 4 types of dissolution medium, dissolution curves were prepared according
to the Orange Book (Japanese Edition).

After storage at 25°C/60% RH, 1 product did not pass the dissolution test. Furthermore, 2 other products showed
changes of dissolution behavior from the results of quality reevaluation, although they still met their dissolution test
requirements. Among the storage conditions examined, storage at 40°C/75% RH for 6 months caused marked changes,
and the most marked differences among the products were observed in pH 1.2 dissolution medium.

When dissolution tests were performed with the capsule contents, there was no delay or reduction of dissolution after
storage. Thus, dissolution tests under the same conditions were performed, using samples prepared by exchanging the
capsular shells and contents with those of other products. The results indicated that the changes in the dissolution behavior
of stored capsules were due to alterations in the capsular film or contents, or both.

Key words
Tocopherol nicotinate, Hard capsule, Dissolution behavior, Time-course changes, Storage test, Accelerated storage
condition, Quality reevaluation, Japan edition of Orange Book
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Fig.1 Time-course Change of Dissolution Behavior under the Storage Condition at 25°C 60%RH (pH 6.8)
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Fig.2 Time-course Change of Dissolution Behavior under the Storage Condition at 25°C and
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Product A (@), Product B (X), Product C (A), Product D (O)
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Fig.3 Change of Dissolution Behavior after stored for 6 months in Different Conditions (pH 6.8, pH 1.2, pH 4.0, and

water)
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BREYFIMOBHEB DZEHN B K E W pH 1.2 D54
&L
RAMBIORILZEE Y 6 BAGRTFEOEM (Fig 4
(b)) EHEFT AL, WEB AU CTURBHEILHER
EL< Y, S D CIBRHOBEIIEHI N
F-RRABRORA (Fig.2(@) tolETE,
BBRUCHE, BHENETHEDLN, #iZ, 604
HBOBHEIT B%HUELET LR —F, #&D T,
REEMOBHECETOBLIIZESH 510, RIFH
B OBIR - BHBBIZER 2 o -, BT AR
E»TiH 2, REFEROAEY & EEMBEROEA
RS T

4. BRTCARRERVCOEHERDIE
BEAB C, DOHTeNHEOBHIEHEDRE
OERTHEHEI D EHBICHEDRT 20, FHFOD
HREMEZANE X 3R SRAZREL, 20oREY
FRVHL, R ULEFAOS T2 VIZRV B LZAS
WMEBRTALEER ZERL. pH1.2 ORBREIZX
VEHRRETERLE. BEHL ZhZThodsevwrb
Uk 1~10 & U= (Table 1). 72d, »7TwVEHNEW
DHERIZE -TiE, 1 AT NVDORBYELERT
ATBIENTERD Iz, TRXTOEETI 2N
T, ZHHEYO 0~B% DR THRTA LK.
40C75%RE THREABCEHEHOETARD SN
BEB &, BHEBHIIELEBHEN L, BB A

Table 1 Sample Combination
Sample No. Content Capsule Shell
1 Product A Product A
2 Product A Product B
3 Product A Product C
4 Product A Product D
5 Product B Product A
6 Product B Product B
7 Product C Product A
8 Product C Product C
9 Product D Product A
10 Product D Product D

EEHVW, BT NVRUARYEHAEE TRFEZT -
(kL1 2, 5 6). TOHE ABSHPBELCTHNE Y
FENVOENI D DET, BILEIZIEL L, AR
MOBWECE I 2y - VOBRBHBIES N
(Fig. 5(a)).

BRI, BAHROETIEDON-HUL CEEHA
DS EEL 3, 7 8) 1, ARPIESR A DBE,
BTN OBENIRNLOD, H TV CDHEER,
REYOENIZ XY, BHARITEO S —ERREEAR
AR, RERBIAS SRR I B A
AfifEE R L (Fig. 50)).

—7, 40C7T5%RH THRERICHEHROBLEFEADD
hifaD &, Fiedadh-HHAolsE Ei
1, 49, 10) &, #7eVOBEWCXY, R 75
HHRELN, Thbb, 37NV DIEHEWAZE
ETALEZES G4 13, HRD EEKCEHDE
ERHDONIN, HTeVATHEYD *BFHETA
L84 GE9) 1, BEEoEBLEIHEEN: (Fig.
5{(c)).

4 £ B

O25E 51k, PTP v — 'REROBHEOETHE
EORRICLHKMOERIZSZ DI EHTREINSE
FAHEBELTNDY. Lrl, XEFOFHDRSTHD
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Fig.5 Comparison of Dissolution Behavior on Combination of Contents and Capsule

Shells

(a) Conlent A—Capsule Shell A (@), Content A—Capsule Shell B (+), Content B—Cap-
sule Shell A (3k), Content B—Capsule Shell B (x)

(b) Contenl A—Capsule Shell A (@), Content A—Capsule Shell C (A), Content C—Cap-
sule Shell A (lD), Content C—Capsule Shell C (A)

{c) Content A—Capsule Shell A (&), Content A—Capsule Shell D (@), Content D—Cap-
sule Shell A (), Content D—Capsule Shell D {Q)

TN RRBEAZ E AL N5, KAYEROTEE
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TERRRLTEY, Pl & LHBRD OREICH
Bidiat s e

SR ET > =B H T e VA, BEXESKE, ¥
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BT, AT RNVEENT A THERTINER 2L, —
HHHE L TSP REOHC H TEDR VBN T
B0, BT NVARCHRELAY, ROV BRLK
BEBACHEBETAZ L THRbEANS. RERBOK
BT, BHRRKTERIC, »7w/VEEIC IEgsia
EFELIERET, V-4 ERZICZTY 20z
IBBLTCWRROER AN 0k 2iiRil,
BRROBERSMEVVERICS - Z &b, BRROHE
AR+ h S VEBEAEYLITEL, NWEhLE
HERESA TS ICER LU s -2 0% 2 6h 3,
BEDOWL, RHFROBANG I T VERL
TR, 40CTBURH O&HET T 6 BAKRTFRLELN

BHONEP BB ADHI T VAR EEHE
RBIEREIY, BHEOEERZEINTNS. 0O
ZERD, BT RNHARSREFOEBYE, BHERD
BENREUREEZ NS,

@B TR, REROYESZA B DY TVARIZ,
INTNOABYEFDEXDE, 27 vOENZR
Bbbe, PAShoRNCESLS 2BEOBRLHEY
RLTWD, ZOZedb, BHEDETRY  eVE
KT 2L, REWOEXrELRRETHILEELZBN
3,

B C TR B EH BN, REMEIR
T REROHEAIEKT 2 L BHEIRL, $ik
WBHETAEBERLTNWAS. L L, REMRBITO
MR EHET DL, BHEMEL, BELRHHND.
BRTALEBRBOBHBRICENT, AEMAER
TALREEE 3 THNIE, RS DHERH» REMIE
HoNlz, B COBRHEDETIZOWTIE, 7+
VEBOEFOEMIC I, REHFELLEZ LR
RTHaEE20N15.

ie, BHAREROR, HR A RUD OWNAWII,
BT VOBRBEERIZ, NFNVOEKRE X - TEHRR
BOFIER -7z, —F, RFEEOHABRUCIE, &
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