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Volume—Before conducting testing, determine the
true volume of each receptor chamber in the VDC. The
volume of each VDC should be determined with the in-
ternal stirring device in place.

Temperature—The temperature of the receptor me-
dia during the test should remain within +1.0° of the tar-
get temperature (typically 32°).

Speed—The rotational speed tolerance is +10% from
the target speed (normally 600-800 rpm). The speed se-
lected should ensure adequate mixing of the receptor
media during the test.

Sampling Time—Samples should be taken at the
specified times within a tolerance of +2% or +2 min-
utes, whichever is greatest.

Qualification—The qualification of the apparatus is
demonstrated by verifying the test temperature and
speed requirements are met, along with a performance
verification test (PVT). The PVT is passed if two tests of
six cells comply with FDA's requirements of a 90% confi-
dence interval (see FDA Guidance for Industry: Nonsterile
Semisolid Dosage Forms; Scale-Up and Postapproval
Changes: Chemistry, Manufacturing, and Controls; In Vitro
Release Testing and In Vivo Bioequivalence Documentation,
May 1997, available at www.fda.gov/cder.guidance/
1447fnl.pdf). The PVT is performed by one analyst test-
ing the specified reference standard in duplicate. The first
test with six cells is performed and is defined as the refer-
ence. The second test of six cells is defined as the test.
The PVT is passed if the second test passes the 90% con-

fidence interval with reference to the first reference test.
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Procedure—Unless otherwise specified in the individ-
ual monograph, degas the medium using an appropriate
technique. With the stirring device in place, fill the VDC
with the specified media and allow time for it to come to
a temperature of 32°. If necessary, saturate the
membrane in the specified media (generally receptor
media) for 30 minutes. Place the membrane on the dos-
age compartment and invert. Apply the material that will
be tested into the cavity of the dosage compartment,
and spread the material out to fill the entire cavity of
the dosage compartment.

Assemble each of the prepared dosage compartments
to each VDC with the membrane down and in contact
with the receptor media. During this application it is im-
portant to ensure that there are no bubbles under the
membrane. When all dosage compartments and the re-
maining components are in place, turn on the stirring de-
vice, which constitutes time zero.

Follow the specified sampling procedure, and collect
an aliquot from each VDC for analysis. Ensure that during
the sampling process bubbles are not introduced into the
cell. Exercise care during sampling and replenishment of
the medium in order not to introduce bubbles.

With some cells it is acceptable to have up to three
bubbles under the membrane if the bubbles are less than
1 mm in diameter. With some cells, bubbles may be re-
moved from the receptor chamber during the test by tip-
ping the cell as long as this process is required only one

time per position.
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il. b. Calculation of Rate (Flux) and Amount of
Drug Released

Creams and ointments are considered extended-re-
lease preparations. Their drug release largely depends
on the formulation and method of preparation. The re-
lease rate of a giveh drug product from different manu-
facturers is likely to be different. It is assumed that the
drug release of the product is linked to the clinical batch.

Unless otherwise specified in the individual mono-
graph, the release requirements are met if the following
have been achieved.

The amount released (ug/cm?) at a given time (t,, &,

etc.) is calculated for each sample as follows:

Amount Released t, = A,/ A;- C;-1,000- V. / A,

Amount Released t, = A,/ As- Cs- 1,000 - Vo / Ay + (AR, - Vs/
Vo

where
A, = area of the current sample
VC n-1 Vs

Amount Released tnzi{: -1000--%+ ) | AR, =
A S Ao ;[ - ch

A, = average area of the standard

C; = concentration of the standard (mg/mL)
V. = volume of the diffusion cell (mL)

A, = area of the orifice (cm?)

AR = amount released (ug/cm?)

V; = volume of the sample aliquot (mL).

For each cell the individual amount released is plotted
vs time, and the slope of the resulting line (rate of drug
release, flux) is determined. The average of 6 + 6 slopes
represents the drug release of the dosage form and

serves as the standard for the drug product.
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Il. c. Performance Verification Test of VDC
Systems using the USP Hydrocortisone Cream
Reference Standard
Materials and Equipment—USP Hydrocortisone
Cream RS; 25-mm, 0.45-pm hydrophilic polysulfone
membrane filters (7); vacuum filtration apparatus
consisting of a filter holder with a medium or fine-
porosity sintered glass holder base, funnel with a 250-
mL capacity, and magnetic stirrer; small and smooth
jeweler’s forceps; depression porcelain color plate;
diffusion cell system with six diffusion cells and
temperature control circulator; and sampling syringe or

device and collection vials.

Procedure
Receptor Medium—Mix 60 mL of Alcohol with 140
mL of water to prepare a 30% alcoholic media. Degas
the media by filtering through a 47-mm, 0.45-um
membrane by vacuum filtration. Assemble the filtration
apparatus placing a magnetic stir bar (approximately 1
in. x 0.25 in.) in the receiving flask. Place the
apparatus on a magnetic stirring plate, and spin the
bar at a moderate rate. Apply vacuum and pass the
media through the filter while stirring. After all media
have passed through the filter, continue stirring while
maintaining a vacuum for 2 minutes. Applying vacuum
and stirring beyond 2 minutes may change the
composition of the water-alcohol media. Care should
be taken to ensure that the period of time that the
media is under vacuum after the filtration is complete is

limited to 2 minutes.

Immediately transfer the degassed receptor medium to
a suitable receptor medium bottle and stopper. Place the
receptor medium bottle in the jacketed beaker and allow

the media to equilibrate for 30 minutes before use.
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Preparation of Apparatus

Set the circulating bath to a temperature (typically
32.5°) that will maintain the temperature in the diffusion
cells at 32° during the test. Place the appropriate mag-
netic stirrer in each diffusion cell. Allow the system to
equilibrate for at least 30 minutes before beginning the

test.

Membrane Preparation

Thirty minutes before use, prepare at least seven mem-
branes. Using a Pasteur pipette, apply receptor medium
to the surface of each membrane until covered. Allow the
membranes to equilibrate for 30 minutes to saturate the

membranes.

Sample Preparation

Carefully lift one membrane at its very edge with jew-
eler’s forceps. Place the membrane on a paper tissue and
blot any extreme excess solution (a slight excess solution
is desired). Carefully place the membrane in the center of
the dosage compartment. Place the dosage compart-
ment, with the membrane centered on the underside,
onto a tissue and press down on the compartment. Ap-
ply an appropriate amount of USP Hydrocortisone
Cream RS (between 200 and 400 mg) on top of the
membrane and inside of the dosage compartment cavi-
ty. Use a spatula to carefully smooth the material over the
membrane, filling the entire cavity of the dosage com-
partment. Wipe any excess material from the surface of
the dosage compartment. Repeat for a total of six sample

preparations.

IIGE 2

Performing the Test

Fill the diffusion cells with receptor media, and allow
time to equilibrate to 32°. Ensure that the stirrers are
not rotating and that there is a positive meniscus cover-
ing the complete top of each diffusion cell. Place the
glass disk on top of the dosage compartment against
the sample. Place the dosage compartment/glass disk as-
sembly on the top of the diffusion cell, avoiding bubbles.
Inspect under the membrane for bubbles. Assemble the
cell. Repeat for each cell. Begin the test according to the
following test parameters: temperature: 32°; stir speed:
600-800 rpm; total test time: 6 hours; sampling times:
1, 2, 3, 4, and 6 hours.

Sampling Procedure

At each of the stated sampling times, collect a sample
from each cell as follows: stop the stirrer 30 seconds be-
fore sampling. Repeat sampling procedure for each cell
in order from 1 to 6. Replace the medium. After the sixth

cell has been sampled, resume the stirrer rotation.

High-Performance Liquid Chromatography
(HPLC) Hydrocortisone Analysis

USP Hydrocortisone RS; acetonitrile; water; alcohol,
95%; 47-mm, 0.45-pm polysulfone membrane filters;

50 mm x 3.9 mm, 5-um packing L1.

Procedure

Mobile Phase Preparation

Prepare and degas a sufficient volume of mobile phase
to complete the analysis of the samples collected. For

each 1 L of mobile phase mix 200 mL of acetonitrile with
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800 mL of water. If necessary, adjust the mobile phase
composition to achieve an approximate retention time

of 7 minutes for the hydrocortisone peak.

Standard Preparation

Prepare a stock standard solution at a concentration of
approximately 0.20 mg/mL of USP Hydrocortisone RS in
alcohol. For example, a solution of 20 mg of hydrocorti-
sone in 100 mL of alcohol is suggested. Prepare a work-
ing standard solution by making a 5-fold dilution of the
stock standard in a solution of 30: 70 alcohol:water mix-

ture. For example, dilute 2 mL to 10 mL.

Chromatographic Conditions

Wavelength—242 nm; flow rate: T mL/min; injection
volume: 10 pL; run time: 10 minutes; column: 5 cm x
3.9 mm, 5-um packing L1; mobile phase: 20: 80 aceto-
nitrile:water. Begin the analysis by making five replicate
injections of the working hydrocortisone standard solu-
tion for system suitability.

System Suitability Requirements—Relative stan-
dard deviation: <2%,; tailing factor: NMT 1.5. Make sin-
gle injections of each of the samples obtained during the
in vitro release testing. Bracket injections of samples with
single standard injections after the analysis of the 2-, 4-,

and 6-hour samples. Calculate the results as specified.

ili. PERFORMANCE TESTS FOR TRANSDERMAL
DRUG PRODUCTS

As with topical drug products, a performance test for
transdermal drug products also must have the ability to
measure drug release from the finished dosage form,
must be reproducible and reliable, and must be capable
of detecting changes in the finished product’s drug re-
lease characteristics that have the potential to alter the

desired pharmacologic effect(s) of the active ingredient.
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Such changes could be related to active or inactive/inert
ingredients in the formulation or physical dosage form,
physical or chemical attributes of the finished prepara-
tion, manufacturing variables, shipping and storage,
age, and other characteristics that are critical to quality.

When based on sound scientific principles, product
performance tests can be used for pre- and postmanufac-
turing purposes such as during the product research and
development phase, basic quality control, demonstra-
tion of product similarity, or demonstration of compli-
ance with FDA Guidelines (e.g., approval and
postapproval changes in the dosage form).

In vitro drug release testing of transdermal patches can
be carried out using USP Apparatus 5, Apparatus 6, or
Apparatus 7. In general, researchers have found that Ap-
paratus 5, the modified paddle method, is simpler and is
applicable to most types, sizes, and shapes of transder-
mal delivery systems. At this time, no PVT Reference Stan-

dard exists for Apparatus 5, 6, or 7.

lil. a. Apparatus 5 (Paddle Over Disk Method)

Apparatus—Use the paddle and vessel assembly
from Apparatus 2 as described in Dissolution (711), with
the addition of a stainless steel disk assembly (2) de-
signed for holding the transdermal system at the bottom
of the vessel. Other appropriate devices may be used,
provided they do not absorb, react with, or interfere with
the specimen being tested (3). The temperature should
be maintained at 32 + 0.5°. During the test maintain a
distance of 25 + 2 mm between the paddle blade and
the surface of the disk assembly. The vessel may be cov-
ered during the test to minimize evaporation. The disk
assembly for holding the transdermal system is designed
to minimize any dead volume between the disk assembly

and the bottom of the vessel. The disk assembly holds the
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system flat and is positioned so that the release surface is
parallel with the bottom of the paddle blade (see Figure
2).

e DiSSONIESON
vessel

Paddle

Fig. 2. Paddle over Disk.
(All measurements are expressed in mm unless noted

otherwise.)

Performance Verification Test and Dissolution
Medium—Proceed as directed for Apparatus 2 in Disso-
lution (711).

Procedure—Place the stated volume of the Dissolu-
tion Medium in the vessel, assemble the apparatus with-
out the disk assembly, and equilibrate the medium to
32 + 0.5°. Apply the transdermal system to the disk as-

sembly, ensuring that the release surface of the system

MIXE 2
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is as flat as possible. The system may be attached to the
disk by applying a suitable adhesive to the disk assembly.
Dry for 1 minute. Press the system, release surface side
up, onto the adhesive-coated side of the disk assembly.
If a membrane? is used to support the system, it should
be applied in such a way that no air bubbles occur be-
tween the membrane and the release surface. Place the
disk assembly flat at the bottom of the vessel with the re-
lease surface facing up and parallel to the edge of the
paddle blade and surface of the Dissolution Medium.
The bottom edge of the paddle should be 25 + 2 mm
from the surface of the disk assembly. Immediately start
operation of the apparatus at the rate specified in the
monograph. At each sampling time interval, withdraw
a specimen from a 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 analysis
on each sampled aliquot as directed in the individual
monograph, correcting for any volume losses, as neces-
sary. Repeat the test with additional transdermal systems.

Sampling Time—The test time points, generally
three, are expressed in hours. Specimens should be with-
drawn within a tolerance of +15 minutes or + 2% of the
stated time; select the tolerance that results in the nar-

rowest time interval.

In Vitro Release Criteria—Unless otherwise speci-
fied in the individual monograph, the requirements are
met if the quantities of active ingredient released from
the system conform to Acceptance Table 1 for transdermal
drug delivery systems. Continue testing through the

three levels unless the results conform at either L; or L.
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Acceptance Table 1

Level Number Tested Criteria
L 6 No individual value lies outside the stated range.

‘ L 6 The average value of the 12 units (L, + L) lies within the
stated range. No individual value is outside the stated
range by more than 10% of the average of the stated
range.

L5 12 The average value of the 24 units (L, + L, + L3) lies within

the stated range. Not more than 2 of the 24 units are
outside the stated range by more than 10% of the av-
erage of the stated range, and none of the units is out-

side the stated range by more than 20% of the average

of the stated range.

lil. b. Apparatus 6 (Rotating Cylinder Method)

Apparatus—Use the vessel assembly from Apparatus
1 as described in Dissolution (711), but replace the basket
and shaft with a stainless steel cylinder stirring element
and maintain the temperature at 32 + 0.5° during the
test. The shaft and cylinder components of the stirring
element are fabricated from stainless steel to the specifi-
cations shown in Figure 3. The dosage unit is placed on
the cylinder at the beginning of each test. The distance
between the inside bottom of the vessel and the cylinder

is maintained at 25 + 2 mm during the test.

Dissolution Medium—Use the medium specified in

the individual monograph (see Dissolution (711)).
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Fig. 3. Cylinder Stirring Element (35).
(All measurements are expressed in cm unless noted

otherwise.)

Procedure—Place the stated volume of the Dissolu-
tion Medium in the vessel of the apparatus specified in
the individual monograph, assemble the apparatus,
and equilibrate the Dissolution Medium to 32 + 0.5°. Un-
less otherwise directed in the individual monograph, pre-

pare the test system before the test as follows: remove
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the protective liner from the system, and place the adhe-
sive side on a piece of Cuprophan (4) membrane that is
not less than 1 cm larger on all sides than the system.
Place the system, Cuprophan-covered side down, on a
clean surface, and apply a suitable adhesive (6) to the ex-
posed Cuprophan borders. If necessary, apply additional
adhesive to the back of the system. Dry for 1 minute.
Carefully apply the adhesive-coated side of the system
to the exterior of the cylinder so that the long axis of
the system fits around the circumference of the cylinder.
Press the Cuprophan covering to remove trapped air
bubbles. Place the cylinder in the apparatus, and im-
mediately rotate at the rate specified in the individual
monograph. Within the time interval specified, or at each
of the times stated, withdraw a quantity of Dissolution
Medium for analysis from a zone midway between the
surface of the Dissolution Medium and the top of the ro-
tating cylinder, not less than 1 cm from the vessel wall.
Perform the analysis as directed in the individual mono-
graph, correcting for any volume losses as necessary. Re-
peat the test with additional transdermal drug delivery

systems.

Sampling Time—Proceed as directed for Apparatus 5
(Paddle Over Disk Method).

In Vitro Release Criteria—Unless otherwise speci-
fied in the individual monograph, the requirements are

met if the quantities of active ingredient released from

AISGE 2
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the system conform to Acceptance Table 1 for transdermal
drug delivery systems. Continue testing through the

three levels unless the results conform at either L, or L,.

iil. c. Apparatus 7 (Reciprocating Holder Method)

Apparatus—The assembly consists of a set of volu-
metrically calibrated or tared solution containers made
of glass or other suitable inert material, a motor and drive
assembly to reciprocate the system vertically and to in-
dex the system horizontally to a different row of vessels
automatically if desired, and a set of suitable sample
holders (see Figure 4 (7) and Figures 5a and 5b). The so-
lution containers are partially immersed in a suitable wa-
ter bath of any convenient size that permits maintaining
the temperature, T, inside the containers at 32 + 0.5° or
within the allowable range, as specified in the individual
monograph, during the test. No part of the assembly, in-
cluding the environment in which the assembly is
placed, should contribute motion, agitation, or vibration
beyond that due to the smooth, vertically reciprocating
sample holder. An apparatus that permits observation of
the system and holder during the test is preferable. Use
the size container and sample holder specified in the in-

dividual monograph.
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HEAD ROD 0-RING
System® A (Diameter) B ¢ Matera® D Material (not shown)

16cm” 1428 09525 04750 SSNT 3048  SS/P  Parker2-113-V884-75
25cm” 1778 09525 04750 SSNT 3048  SS/P Parker 2-016-V884-75
P 26924 07620 03810 SSNT 8890  SS/P  Parker 2-022-V884-75

7cm 3.1750 07620 03810 SSNVT 3048  SS/P  Parker 2-124-V884-75
10em”  5.0202 06350 03505 SSNVT  31.01  SS/P Parker 2-225-V884-75

5cm
2

* Typical system sizes.
® SS/VT=Either stainless steel or virgin Teflon.
® SS/P=Fither stainless steel or Plexiglas.

Fig. 4. Reciprocating Disk Sample Holder (7).

Parker O-ring

1.98 0 Plate use O-ring 2-225-V884-75
OR
1.42 0 Plate use O-ring 2-218-V884-75

Stainless Steel Tubing
/12" x 3/16 0

i
]

Virgin Teflon

O= diameter

Fig. 5a. Transdermal System Holder—Angled Disk.
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Virgin Teflon Cylinder 35/8" x 13/8" 0

Stainless Steel Rod
8" x 1/8" 0

Parker O-ring 2-026-V884-75

O= diameter

Fig. 5b. Transdermal System Holder—Cylinder

Preparation A—Attach the system to be tested to a

suitable sample holder with 2-cyano acrylate glue.

Preparation B—Press the system onto a dry, unused
piece of Cuprophan (4), nylon netting, or equivalent
with the adhesive side against the selected substrate, tak-
ing care to eliminate air bubbles between the substrate
and the release surface. Attach the system to a suitably
sized sample holder with a suitable O-ring so that the
back of the system is adjacent to and centered on the
bottom of the disk-shaped sample holder or centered
around the circumference of the cylindrical-shaped sam-

ple holder. Trim the excess substrate with a sharp blade.

Preparation C—Attach the system to a suitable hold-
er as described in the individual monograph.

Dissolution Medium—Use the Dissolution Medium
specified in the individual monograph (see Dissolution
(711)).

Procedure—Suspend each sample holder from a ver-
tically reciprocating shaker so that each system is contin-
uously immersed in an accurately measured volume of
Dissolution Medium within a calibrated container pre-
equilibrated to temperature, T. Reciprocate at a frequen-
cy of about 30 cycles/minute with an amplitude of about
2 c¢m, or as specified in the individual monograph, for the
specified time in the medium specified for each time
point. Remove the solution containers from the bath,
cool to room temperature, and add sufficient solution

(water in most cases) to correct for evaporative losses.

Perform the analysis as directed in the individual mono-
graph. Repeat the test with additional drug delivery sys-
tems as required in the individual monograph.

Sampling Time—Proceed as directed for Apparatus 5
(Paddle Over Disk Method).

In Vitro Release Criteria—Dug release should be
measured at least at three time points: the first time point
around 1 hour, second around 50% of total drug release,
and third around 85% drug release. Unless otherwise
specified in the individual monograph, the requirements
are met if the quantities of the active ingredients released
from the system conform to Acceptance Table 1 in Drug
Release (724) for transdermal drug delivery systems, or
as specified in the individual monograph. Continue test-
ing through the three levels unless the results conform at

either L, or L,.

IV. PRODUCT QUALITY TESTS

General product quality tests that are part of the com-
pendial monograph such as identification, assay, content
uniformity (uniformity of dosage units), impurities, pH,
water content, and microbial limits; specific tests such
as viscosity, tube (content) uniformity, and particle size
for topical drug products; and adhesive and leak tests
for transdermal drug products should be performed.

For details of drug product quality tests for topical and
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transdermal dosage forms, see the general chapter Topi-

cal and Transdermal Drug Products—Product Quality Tests

(3).

REFERENCES

1. Polysulfone membrane filter—possible supplier
www.pall.com, marketed as Tuffryn filters.

2. Disk assembly (stainless support disk) may be ob-
tained from www.millipore.com.

3. A suitable device is the watchglass-patch-polytef
mesh sandwich assembly available as the Transder-
mal Sandwich from www.hansonresearch.com.

4. Use Cuprophan, Type 150 pm, 11 + 0.5-pm thick,
an inert, porous cellulosic material, that is available
from www.medicell.co.uk or www.varianinc.com.

5. The cylinder stirring element is available from
www.varianinc.com.

6. Use Dow Corning, MD7-4502 Silicone Adhesive
65% in ethyl acetate, or the equivalent.

7. The reciprocating disk sample holder may be pur-

chased from www.varianinc.com. g1s (sr33
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Variation in Quality of Sodium Dodecyl Sulfate Used in the Dissolution Test
as a Surfactant for the Poor Water Solubility Formulation (Part 1)

Keiji KAJIMURA*"#, Masami KAWAGUCHI* and Chikako YOMOTA**

Summary

We evaluated the quality of sodium dodecyl sulfate (SDS) used in the dissolution test as a surfactant. Disso-
lution tests were carried out using anetholtrithion 12.5 mg tablet, ipriflavone 200 mg tablet and cortisone acetate 25
mg tablet as samples. Three lots of commercial SDS from different manufacturers were used for these tests. It was
found that the dissolution behavior of all the active ingredients differed depending upon the commercial source of
the SDS used. All the SDS preparations conformed to the specifications of the Japanese Pharmacopoeia (JP) (purity,
water, and total alcohol content). SDS conforming to JP standards is a mixture of sodium alkyl sulfates, consisting
chiefly of SDS (Cy). The homolog distributions (dodecyl (Cy), tetradecyl (Cu), and hexadecyl (Ci)) in these com-
mercial SDS preparations were determined by high-performance liquid chromatography, and the relative peak area
for each homolog was measured.

About 25% Cy and 6% Cis alkyl chains were contained in one commercial SDS preparation, which gave high dis-
solution rates. The other two preparations contained less than one percent of C. and had no detectable amount of
Cis alkyl chain. It was concluded that the contents of homologs in SDS preparations are an important factor influenc-
ing the dissolution rate in the dissolution test.

The homolog distributions in other commercial SDS preparations (10 samples) were then examined. Most of these
samples contained less than one percent of Cu or Ci. Our results indicate that the presence of small amounts of

Ci: homolog in commercial SDS does not influence the dissolution behavior in the dissolution test.

Key words ,
Sodium dodecyl sulfate, Sodium tetradecyl sulfate, Dissolution test, Anetholtrithion tablet, Ipriflavone tablet, Corti-
sone acetate tablet
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WERER T M) 7 4 (SDS)) EERASwBETHERT S
T EMRTDBNIY. 2009 FEEEK F T AE B ML
TLTWAREEREDS S, #6%0H 0K REEEA
2EH L BHRBROBRAREIN TN S, 20k
2, RERRICERINS REEERIZ, BAEEDOE
WA BEHEEEAEHICANBNTNAS, AFHED
i, RERIZHEET S SDS REIC XV, WHEBHAX

< Rir BEFIZOVWTHRE LT B,

SDS i3, T8 28838, REH 12 DA 4 VRRE
ERFITH DA, BIRARRERORR THARRE L
THAVBNEY. BEFBICE, SHOREA —H—
DB U7, B4 eiB# 0 SDS REAE L THY,
BRI HA XN D SDS AEOEE D LK 75,
SDS DEEIL LY, HHECEELRIZTIE L TR
na. ‘

T, RFEENERD SDS REX AV HEHRA
Eax 7R b=V YFAF125mgéE, TV TRV

200mg SERUEFER oV F Y v 25 mg BEIC DWW TER L,

SUEA LB - B2 El % T 1F94° SDS DFBIZ oW TR E T

57,

RERFE

1. 8 #
FERR—=NRYFA125mgE (TFFV b—IVEE
125mg), 47V 75K 200mg g F X5 v 200
mg) RUBEEaNF /> 25mg§E (72— b VEE 25 mg)
ZREBREAE L THW,

2. SDS
HREN TS 13FEE (RFEE8#) D SDS A EX
AERICHER L.

3. BEEYHE

FE b= MY FF L, RIS TR DR
THRAEEFERA LKL A7V 752K id, ALDRICH #
BOLD%E, EEaVFy Vi BREERTESEDD
DEFEA L.

4. BHHER

EREAERSGEBRECKN, BHARTER
L. BBREORIUY, MEFIECED SN IR
TV, BEHEN WL FIE L RIS TRBREZRT
Lz, F7, BHEEEZ2Tn=6 OFHEE L.

nE, FRHORRTHEAIND SDS HEDRED,
BTFoBvThd THAb=NbD)FT125mg§E :

3w/iv%, 47V 7548 200mg §F : 2 w/vs, EFEg o
JFJ v 25 mg 8 : 0.3 w/v%. ‘

5. EHEREE |
LEBEHRRE (K HFMELE  RT-3d) X
B BBEHHRE (WAESIL : DF-810 75 7

Cya VYT L) REALE kb REBREORSKSEH

i, 45C, 2@EI& L.

6. WERER KOSBOHE KPILI—-/ILEOHIR

HISHEBAZERF (B BERELEE (570
R L)L) TRV, MERR KDERRUR
73— VEOEEEEE L.

7. PILFIVRERF b U LEROS

TFNVREET F )7 LERODHIE, SDS (Cw), T
NS FVNREET P4 (STS (Cu)) BRUAFHT
VIVERBEE P Y A (SHS (Ce)) IZ2W T, Nakamura
BDOHEICE D TT 727,

HEEBROFEL, UTOEVTHD. HAbHIl1g %
BEIZEYD, 2% /—V/KEK (85:15) 50mL ZMxZ,
10 RV IR -], X5/ —V/KERK 85:15) %
Mz CIEREIZ 100mL & L, BEHERE Uiz,

HPLC O GBI TORY THD.

HE  WEEIERTE LC-10 ADy > ) —X

B REBTEHEEZE (RID-10A)

#15 2 L-column ODS (5um, 4.6 mm X150 mm)

BEME . x5/ —)V: 1mol/LiE{LF b AEK=

85 :15

B2 LRE - 45C

HEAE :30uL

R ; 0.8 mL/min

TFIVERERT b LML, SDS (Cw), STS
(C) BRU'SHS (Co) KHYTAE—2EHEOSIHEEZ
100.00% & L, #NFho¥—27 OEBEESENOEH
L7,

8. H E

STS RHER UV SHS RE X, 73— I HIVERBLZE
A7 7td, STSHERUSHSRHEDT VX VEEMA
BRIZLLT OBV THB.

STSH#E (Cp: 6.2%, Cu: 93.8%)

SHS 3 (Cy : 58.4%, un known : 41.6%)

FOMOREITZ LT, FEMETEHEOER L
LC/MS Bx Wi,
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9. RETERAR

Student's t-test |7 & ¥ &I SMIZB T DB EERDOT TR
WaiT-/ THEERPETIE, p<BZEEEHVE
L7z,

SERER

1. SDS MEWC L DBHEENDE

ARFEE N Rz D 3FEHED SDS RFE (SDS-A, SDS-B,
SDS-C) #EAL, 7* h—N )54 125 mg §E,
A7) 7 TRV 200 mg FERVEER 2 )V F )/ 25 mg $E
OEHREBRYER L7 Fig. 1). REBRIZHEHET 5 SDS &
EOEWILY, BHEHICEI DD N SHEF
b, SDS-BEHEA LI-BOBEHEN, o SDS HFEx
BRLEZBEIDESRICENERR L. SDS-A i
SDS-C #fff LIz OB HEEIILRA L b, UL
THr=.

100+

2. SDS-A, B, CD{ESER KPSERU
BPILI-ILEDAIE

HREIZREV, SDS-A, B, CoOMERER Kkoes
CRT7 NV a—)VEDBIE%IT -7z (Table 1). % SDS &
EOBRBREREZILET BROHERBIZESEL T .
SDS-B i3, fiERBROWHET b ) Y ARVERRIET )V
I—-NVEEMEEER L TEr -2 7, KDEED
Az, EFSWEEZERELE LaL, ZnboREkEs
Rize2T HEOHEELBREZXEZ S TES T,

3. SDS-A, B, COPILFILIREEF NUDLEBRD

palii)

SDS %, BREOERESEELT [F&LTSDS (Cw)
LRABTIVFNVERERS )Y ATHS | EENTNBY,
%2 T, SDS-A, B, CHIZ{EFET 5 STS (C.), SHS
(Cw) Tt L, Mz L7z (Table 2). 7%
WVERER T R Y A0, & SDSHEIZLVKE
B >TW= SDS-BIZiE, SDS (Cw) LIsHiz, STS
(Cw) RUFSHS (Ci) IKHBHETHE—2 P HEREIN, %

100 100 -
*
*
80 80 80
S
g 50 Ipriflavo ]
vone .
= e . Cortisone Acetate
g Anetholtrithion * SDS:2% SDS:0.3%
=
% 40 40 40 -]
2
20 20 20
0 T T 0O - r-r——1TnTT T
0 5 10 15 30 45 60 90 120 ¢ 5 10 30 45 60 9% 0 5 10 15 30 45 60 90 120 180
Time(min) Time (min) Time (min)
Fig.1 Dissolution Behavior of Anetholtrithion, Ipriflavone and Cortisone Acetate tablets
Significantly different from dissolution rate using SDS-B at p<0.05.
A; SDS-A, @; SDS-B, (O SDS-C
Table 1 Examination Result by the Official Method (Japanese Pharmacopoeia)
. SDS
Quality Standards SDSA SDSB SDSC
Purity
(1)Alkalinity The solution remains yellow Pass Pass Pass
(2)Sodium chloride (%) Less than 8.0% 0.06+0.01 0.04+0.01 0.04+0.01
(Conbined content of (2) and (3))
(3)Sodium sulfate (%) 0.09+0.01 0.73+0.05 0.11x0.02
(4)Unsulfated alcohols (%)  Less than 4.0% 0.04+0.02 0.20+0.02 0.06+0.02
Water (%) Less than 5.0% 0.61+0.01 1.01+0.00 0.42+0.01
Total alcohol content (%) More than 59.0% 59.69+0.30 63.73+1.95 60.69+1.70

Mean+SD, N=3
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Table 2 Homologous Distribution of SDS 4. STS (C.) ZRLVICELHEER
Manufacturer Hoxg(l)jogous disél;ibution ((2)1: ! SDSHAEZFEA L= Fig. IKB T 2B EBLBED
T B o I ) STS HREXFVRBRET X b= b U F4 Vg A
SDS-B i 66.74 26.31 6.95 TN 7 ITRVERVER VT VEIZODWTTY, &
SDS-C il 99.86 0.14 N.D. W26 B % B L7
*1 Alkyl chain length in lipophilic group. | .
*2 Taken as the average of 3 replicate analyses. HRHF LB, STS (Cw) ZFEA LA SDS (Co) %
N.D.; Not detected AWEBEXY, 2ECEVEERERLL (Fig. 3).
SRR B BB EORKOEE, TR b
DM IEZNF N 26.31%, 6.95%TH -7 (Fig.2). =W MNYFFVERFA T 7 TR VENK 15%, BEE

SDS-A RV SDS-CIZd STS (Cu) IZHYT S b L—2 B )V F ) vEENHI 12% T - Iz
BREQE—B3RHONIH, SDSBOHDOEHEEL,
OIS T 5. AR SDS O (PILFILIRERF U LHER)

SDS-A, B, C LSt iR® 10 D SDS 3 (SDS-

048 C:12
038,
930
SDS-A(Cy,)
c:12
928
I\C:M Cii6
> — SDS-B(Cyy)
C:12
415
a0 SDS-C(Cyy)
‘ /\0:14
0.05- A Sodium Tetradecyl Sulfate(C,;)
C:16
000 TAS Sodium Hexadecyl Sulfate(C,¢)
o 2 4 6 8 o n 14 e

min

100+

Cortisone Acetate

*

Dissolution rate (%)

i
5 10 15 30 45 60 90 120

Time (min) Time (min) Time (min)

] i i 1 1

Fig.3 Dissolution Test using STS (Cu) as a Surfactant
Significantly different from dissolution rate using STS (C.) at p<0.05.
SDS (Cu); O, STS (Cu); @
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Table 3 Analytical Results of Commercial SDS

Homologous distribution (%)*1

Manufacturer

Ci2 Cig Cis
SDS-D I 99.6%2 0.31 N.D.
SDS-E I 99.68 0.32 N.D.
SDS-F I 99.77 0.23 N.D.
SDS-G I 97.58 1.79 0.63
SDS-H v 99.96 0.04 N.D.
SDS-I A\ 99.77 0.23 N.D.
SDS-J VI 99.62 0.38 N.D.
SDS-K VI 75.32 24.42 0.26
SDS-L Vi 99.50 0.50 N.D.
SDS-M Vil 99.79 0.21 N.D.

*1 Alkyl chain length in lipophilic group.
*2 Taken as the average of 3 replicate analyses.
N.D.; Not detected

D,EF G HTIIJ KL MIIEZDVT, TIFIVE
Br M)W ETY, EREEEE L (Table
3). £ToSDS HIEIZ STS (Cu) ITHYTHE— o
REIN, FOHEMHIE, 0.04~2442%TdH -7-. SHS
(Cw) 1%, SDS-G R SDS-K 2 EN. K
FARHzE A, SDS (Co) OEMRIIE, SDSK 2kE,
97.00% LA L TH - 7=

6. SDSICHEICIEET D STS (Cu) DiBHiEE)
DE
MR D% < D SDS RFEIWCRHET A ED STS (Cuw)
DEHERICRITTHEII DWW TR Lz, SDS-AIC
STS (Cu) Z 1lww% XL 3wwhDEIETEELED
DOEFEAL, BHABREZEWRL: (Fig.4). STS (Cw)
T lww%ES L SDS 2R L-BorHERIL, &

BHELREELEWHELBELLTEY, BEESH D
MEIBIIREDONE 5T, TR M=V MY FF Vg
RUOA 7Y 7 IR VT, STS (Cw) % 3w/iw%DE|
BTCREAELRLERTHY, BREEHNOPEIL,
EAETERETE Iah 57,

LorL, BfaVvF V88T, STS (Cu) # Sw/w
%EA Lo SDS 2 FEH L2k, £RICBERIXbT»
CEL Y, BHEFHNDOETOBENED NI,

Z B

mBEEHIERE T, #AEEOERSZIINL, RE
EERZERTA 288 b bz, SDSIE, $F2:8
ROFEEERTHY, F1RIRORY VIR — } 80
Z5wivde (RAMEREBE) HinL CHREHMPAICE
MR BWIZEL W, ZOEKBEEOEERDIIHL
THEAIND?, NELBIZ, BHEABICERET S SDS
REDENZIY, BHBERRZ2EMAICIOVWTHRE
LTW3Y, SEIOEELORITH, AEOBENIR
o REA—ANRELD IEED SDS REX
AL, BRRSHIED 3SEEOEERIZ SV THELRER
EEELZEZS, @TOHAIIR LT, BOEBHES
H7- 57 SDS HAESF BRI NI

HETSDSIE, [E&LTSDS (Cu) »HRATIVF
VBB F M) 7L ThD | EEINTWAY, BHARIC
FHEINS SDSRAEIZ, o7 IVFIVEHEF M)
LPBREL T AFBEEITRR SN 22C, BRET
HEREMD DB T IVENVEER T ) v ok L, EK

100+ *100— * 100
k)

80 80 80
&
<
L 60+ 60 60
<
bt
g .
£ Anetholtrithion Ipriflavone Cortisone Acetate
'S 40- 40 40
R ]
a

20+ 204 20

0 i i 1 1 1 0L T T T T T T 1 0 L= T T T T T T 1

06 5 10 15 30 45 60 90 120 0 5 10 15 30 45 60 9 O 5 10 15 30 45 60 90 120 180

Time(min)

Time (min)

Time (min)

Fig.4 Effect of STS (Cy) on the Dissolution Behavior in Anetholtrithion, Ipriflavone and Cortisone Acetate tablets
Significantly different from dissolution rate using SDS (C:.) at p<0.05.

STS (Cuw) (0%:; O, 1%; A, 3%; @)
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BB L SEFIICH L CEVWEHEEZ LT
SDS ##Kiz1x, STS (Cuw) KUV'SHS (Cw) D @EWEIE
TREL TV STS (Cu) OEHERICKITTEEIC
SONWTHEREL=EZD, SDS (Cp) EHBEL, 7X b—
VY FFvEE ATV TR VERCEBE VT v
I LT, LDEWRHEEZLLLTIENHLIE
7:1')7‘:.

STS (Cw) #SDS EHEL, IVEWEHEZ L
5LEERIZ, BRI LNVEE (cme) OEWIZERL
TWBAEEERH 5. REEEROKERIL, omc ZHE

2, BEEENBBRICENT S ZD 0 bAELER,

cme FTCRB—ETHEH, cme ZHZ 2L BEOEL
IR KX < AT A%, SDS (C) RUSTS (Cuw) @
cme X, FNEN, 8.1 mM/L (023 w/v%) KT 2.1 mM/
L (0.07w/v%) THB. SDS &V cme 2 E W STS
*EICBETCHEATAZ &KLY, THREBIZE{LLrE
U, #kEEOBERINL, BVWEBEEZH-60LK
TREMED B 5.

REEEFIBEERCTERTLIIVES LAY, %
NENOELY cme 2MET L, REEELSENTHZ &
BEIBNTWAEY, STS (Cw) AEWVEISETEELTY
7z SDSBAEWAHEEZ -6 LREES, cnc OE
TIZERLTWA Z L2 #RIENS. £/, SDSDELD
oA & EIREEERIL, A4 VBEOBKRIZED anc
METL, INVEEENEINTI?, KFRICHBT
HBETIE, SDS-B & SDS ORI A A R #i4
EEOWHELREERRO NI o7/, LirL, SEAE
FE LU OTHY OFEIZL DA+ VBENHELL,
cmc CEEREL, BVWBRHEZ L6 LWt LH
5.

BRHRAROBRIZZENASHON - 3EED SDS K
EIZHo>WT, BRESDS\OBEEEERBRLI-EZ 5,
HBRERICETOENE DN, L LERRER L
b, BBREERELTE-TEY, BHEEEHICRITTE

BLOMVBEEEZRRT DI LB TE b o7 e,

M7 NVa—VEIEERRICHEYTIHDOTHLH, &
BRChk L7tk B2 oRZTY, 2Bk’
E¥TNa—-VvEELTEHRT S, SDS (Cw) LBt
DT NVFINVFEBEF N7 AR BRELTHTDE, R
HMExhTLED.
BEREAEEGMGBEBREDARTHERINS SDS K
KiZiZ, RAHOEERELORENBEBHINS. FiHOD
SDS REIL, BARE LTHEAL TWBRTIZzH2S,

FRICB TR, BEORHIHAKRITEE L Tl

RITORFHABRIZT TR, BlHiEICEEE XIF$ SDS
DmBEZRBOHZERE LY. FondlBREDREE

EDRFAVDBLETHB.

BE, %< OREA—H—Dr D2 2HK D SDS R
ENRFEFINTWAS, RO SDSHAEIZOWT, BE
THAEMNDH DT IVFINHEERT )7 205 ET -
Fe& B, £TDSDSHEN D STS (Cuw) £30.1~26.3
YBDEESTHREIN-., SDSRAREIISWEES TRET
A STS (Cw) 13, BHEBENCHES RITTTEMERD 5.

FFVEBRF N Y AOEREERALZEL D
SDS AE T, STS (Cu) DM 1%LTTH - 72
T, ME®D STS (C) MWEHEEICRIETEECD
WTHE L. Z20ER 1 %BEORELTHNIZ,
THE IV FFUEE ATY 7 TR VEERVERR D
WV VEOBRHZEEICIE, BEAEEEZRIEZ TN
TEDHERIN. BHERBRTERT S SDS HEDH
BizBELT, BETATNVFNVEHEERT N 7 L208KE
FREBHHIENEETHA.

&

TR IV FFVEE ATV T TR VEERVEER
INFVVEEIZDWT 3EED SDSRE XA, Bl
RBRET-7mEZ A, HHTLSDSHEICIVETZE
BRI ENHEINE. SVBEHEREL 6T
SDS ##Eizlx, STS (Cw) PR BUBEEIN T
SDS REORDOVIZ STSREXFEH LBEHRRYT -
Tl B IVEBWBEEEZLI-OTIENELIE
07‘:.

HHERD SDS RBEIZRET A D7V F)VEREEF ~ )
YLESHLIEZEZS, £THSDS 56 STS (Cw) A
BEXNZ Larl, K&EKOSDSRETIE, oM
B 1% T Th -7 SDSREIZEET S 1%UT
D STS (Cuw) X, BHESHIZIZEAEFE L RITFI RN
ZEHHEREI N

UEDER,S, SDSHAEIZRET S STS (Cuw) &
I%BETHNIE, BEAEEELZRITIANS, B0
LA TRELLSES BEECHEZRIITIENHAS
DER ST,

AWRIE TR 22 FEEEFBREFR REERXZOR
BN A F T4 VBT RREHEORELICEET S0
DEREZTZHDTH 2.

X aR

1) H1I5HEBXRERFRHRE, T, B/IIESE, 2006, P.B-
587.
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2) EEXEELLREETEEE  EEAEEROMEIC 7 BAYEEEERRHEETER BFEAEERSER
FBABIHOTFREBICOWT, EEESFH 5995, FrL 10 WE, PR 15 E 12 AR, P.136.
£7 A 15 H. 8) Nakamura, K., Morikawa, Y., Matsumoto, 1. /. Am.
3) /FOmFE, EHEESE, ERET, BRA— EHTE Oil. Chem. Soc., 58, 72-77 (1981).
KEF L &F, BRETF, WABF : #HEREHENY 9) HAEELRBRBERS  LrVLTWAREEES, BN,
WrEeFtERss, 49, 47-50 (2006). T#FES, 2003, p. 28-32.
4) 15 WEAXRERFMHNE, B, B/IE/E, 2006, P.C- 10) #rP &5 REEER, EE, KEEK, 2010, p. 30-39.
4552-4555. 11) SEEBIES, Mgk @ FREb¥, X, AE, 2010, p. 168
5) EESHEERALIEETTES EEARERRER 169.
WE TRy 1443 AR, P.132-133. 12) BARE  BREAREEROZCS, Fn, EX, &
6) EA¥BAEEARSEETER EFAEERRAER HEHRIT S, 2008, p. 146-147.

WE, T 154 10 AR, P. 166.
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Changes in Dissolution Behavior of Tranexamic Acid Capsules during Storage

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

Summary

Many drugs have recently been recalled from the market because of decreased dissolution rate after storage. So, we
investigated changes in the dissolution behavior of tranexamic acid (TA) capsules during storage.

Four products from different manufacturers were stored under 3 conditions (25°C/60% RH, 40°C/75% RH, and 25°C/
75% RH), and then dissolution tests were performed after 0, 1, 4, 6 and 10 months using 4 types of dissolution medium (pH
1.2, pH 4.0, pH 6.8, and water). Dissolution curves were prepared according to the Orange Book (Japanese Edition). After
storage at 25°C/60% RH and 25°C/75% RH, no time-course changes in dissolution behavior were observed in any of the
products. After storage at 40°C/75% RH, marked changes were observed in three out of four products, and the most
marked differences among the products were observed when water was used as the dissolution medium.

We then investigated the cause of these variations. When dissolution tests were performed using the capsule contents
only, 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.

Based on these study results, we concluded that the changes in the dissolution behavior of TA capsules after storage at
40°C/75% RH were mainly due to alterations in the capsular film.

Key words
Tranexamic Acid, Hard capsule, Dissolution behavior, Time-course changes, Storage test, Accelerated storage condi-
tion, Quality reevaluation, Japan edition of Orange Book
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VIZDNWTRE Z{T 2 1.

EERAE

1. ®{F o -
BT AL TS TA ZEBRS LT HEEA — %

— DR HFEH T NVE (FE250mg) 4 BHIZ AW,

slEmsEHA (®WEA), 28 7EHA WRB), 4&A

(B0, 68 WED) C&HAZHBAL, 2EBARM

ERTCEHEER, BERBREHEB L. FERBREENE
., 20134E 10 B (8IS A), 2011 £ 8 A (BF B), 2013

£11 A B®HRC), 203F9A WMD) THY, HH

BRI TANTSETh o7 BB, RITRLEEEERD

RS E AR E AR, 6REELI2bDTH 5.

2. BREQRERMH

HALF P U AT RS MY Y LA OBMERE AN
=Ty —g —z, PTP A3EREOEF % ANER
BTRELRYY. RELKERITEERRTIA NI 4V
259 x5z, 25°C, 60%RH OEMIFFSLEME 40C
75%RH Om#Eslt, BEOFEAOFHEEMGE LT,
25°C, 75%RH O 3 &% RE L7

3. HE

Tranexamic acid (§ifE 99.90%) ; LKT Laboratory £,

BAERH L 7250 2BREES | BALNEEHER,
Z 7 IVERERT b U T o FIEMEE TR GRE 1R,
ZOMOBREIFCMELRE GARER) 2R

4. BHBERSEMG

REFBREIZONT, 0, 1, 4, 6, 10 HABICHEHRAR
ERE Lz BHERKRE 28R HRARE RT-std3
KEERBEE) HW. BHAROLMEZ, HERER
J5 (AR TR, SRk B9 50EET, v Uh
—ZERLE". &k oLz BRERFAEE
GHEREZRY LE—TH5. HBREL ERAERER
REEREY KL YTy 7)) CHEEBBRSNEINT
W5 4 ORI (pH 1.2 : BHARSE 1%, pH4.0 :
pH 4.0 @ 0.05 mol/L BffEe - il b U 7 AREER”, pH
6.8 : D) VEREER, K) AW £, BHHR
E&BELA 5, 10, 15, 30, 45, 60 VB OFABRKEZHEL,
FVYY Ty VOHETHEUREZEL L, BHMHEZIF
U7 28, BHEREZTXTn=6DFEHEEL L.

5. HPLC AlEsa”
EREEEs 0T N5 7, BEEERTE Prominence

1) —2 N CLASS-VP v ) —X &AWz, HIERE ;
220nm, #J 4 : Inertsil ODS-2 (4.6% 150 mm, 5um),
h o LRE 30C, BEME AWK 8K VBRTKES
R4 11.0g ZAKS00mL ML, MUZFIVT I
Y 10mL RO Sy D IVERER>T v Y v ldgEmmZ, Y
VERT pH 2.5 IZFA%tR, KEMNZ T 600mL & LK.
BWi: A% ./—). CH K AWBWKCHE (50:35:
15), {## ; 1.5 mL/min, FAE ; 10uL TRIEZT - .

6. EAHTEILOFHE

25°C, 60%RH, R 40C, 75%RH O&4TT 108
BEFELEEZOVWT, ZNENAEHEROH L
2H SN ERNWT, TORRTT- 7.

BT VRIBOH T VIZARTFOERRBRESEIZ [h
TN ELTHEINTEY, ZNICEET HLER
»5B. ZOFT, MERRE LT, BV, BREUOEK
HEAHEINTHWEZ EnD, BREVEEIZ DX,
(#Fel] OMERR 2B L, UTORRET -
7=. K 50mL ZIEFEIZ 100mL D=A7 5 X2 AN,
KBFETITCITHEREL, NEMEROE L2 h T
WEAN, B2 EDRERNS, TV EMET HE
MAERZE L A7 VEANZ 10 5% 3TCOKE
PEERVHE L, 20CIZAETHOKBIZAN, pHZ
BIE Lz b, BEERBAC pHIZ, n=5DFHIE
E LT

ERERRUEBER

1. RERGNBHEIHICKIF IR

ZRHE SEEORFLRGT I0EARREL, 484
HORBBRERA N CHEHEESZHE L (Fig. D).

25°C60%RH KU 25°C75%RH OHFEFLRL4T T, £
TORBRK, WHIZENWT, 10EABOREFEICL D
By Ziidiz s ALED BN, -7 (Fig. 1-(b),
©, ®, @. G, &, o, ©O).

UL, MELKETIE, #HECIVEIFTEDONL
(Fig. 1-(d). (), @, (). BHATE, ITXTOR
BRIIENT, BEMRERIIZEAERDONGD >
7o, 7z, BLEB DI, 2ToRBRRICIENT, BH
DRBENETRDHOENDLDOD, 30 9ikicid, 95%L
LOBEHELR LU

—77, ®EC, ERREHETIE, 2ToRREK
ZHENT, BHEBORRRNLELI RO ON. BRI
HER Ik E RO E 2 0B R A < (Fig. 1-(d),
R1E% 4 8 A CIEHEEEIELEL ) bz (Fig. 2-(0).
B EAKITIE, 60 0BRIZENWTSD, BHEN80%
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