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Table' 1 Particle size of CsAlipid particles in each solution

dilution
factor Product A Product B Product C Product D Product E Product F
ND2 271405 743241 BB7+37 270412 928170
Water 5 NDa 64413  748%66 BA5+87 397421 7924172
2% 14236+13898 272427 679100 851467 43627 6774123
— ND= 86+11  71.1:30 B98+20  443+03 808+ 617
StTiul
GH1D 5 NDa WE5+03 70349 725419 475414 1023+ 106.1
25 752+16173 283207  659£45 BE7+38  462+18 432+ 08
gty ND2 B3+13  723+80 676+30  455£30 13781458
(oHB® 5 NDs 82+16 745466  B8B+26  467+20 1217 +621
25 49003 +41286  203:22  EBA£46 B65+29  468+25  197.6+8B8
1 ND= 65409 6342108  740+57  A20+1D 1363+ 234
E;E%";) 5 NDa %3416  B44+73  B12+53  A13+13 15144295
2%  3B0ELE50 NDs 795+115 787 +45 ND? 044+ 231
, 1 NDa 300£11 726£35 587 +1.1 103.6 £ 3.0 22+37
E:gsswm 5 NDa 298409 121%45  1235+47 124+17 137.9+856
' 25 19954 +2169.9 ND? 22648+64  2569+90 NDa 264.1 +18.1

Eachvalue represents the mean £ S.D. (n=3).
3 Not determined.

Table 2 Pharmacokinetics parameters of CsA products after oral administration to rats

Praduct A Product B Pruduct [ Product D Product E Product F

CsA

Tmax (hr) 7.00+2.14 1.10x0.21 2 230+0.443b 200+087b 270+£083b 2854101 ab
Cmax (ng/mL) 474 £ B0 671 +9532 559 +74 611 £197 565 + B9 B15 £ 107
AUC (hr*ng/mL) 5833 £371 7194 507 2 BB25 +541 7454 £2185 7105 £721 7653 * 1502

AM1

Tmax (hr) 7.00+2.14 315+1553 270+0302 3801097 270+083 317+079 2
Craax (ng/mL) 106 + 45 164 +£21 3 127.£18 161+ 42 135:+35 164 +19 2

AUC (hr*ng/mL) 1033+£112 1675993 1188 £101-® 1798 £ 472 1509 £1702 1743 +212%

AM9

Tmax. (hr) 700214 3101552 300+0.84 480+0.73 3.00+084 430+1.48
Cmax {ng/mL) 30+4 52+82 44 +62 50+13 47 £52 4863
AUC (hr'ng/mL) 27827 519+t566= 414+262 604 £ 142 2 566 +30a 607 £107 2

AM1c

Tmax (hr) 410+193 13+0182 290x081° 340+£068% 180+034 2850481
Cmax (ng/mL) 29+7 46183 3314 4517 39+6 5D +9=
AUC (hr*ng/mL) 197 £38 336+362 261 +42 401 100 290 £34 478 +100 2

Each value represents the mean £ S.E. (n =5).
3P < (.05 compared to Product A.
b P < (0.05 compared to Product B.
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the upper surface of the insulating material has a capacity of
3 to,4 mL. _

" Procedure—Proceed as directed for Method /I, but place
i, the:flask only 25 mL of the liquid. to be.tested. -

Method II

Apparatus—Use an apparatus consisting. of the following
arts:
P Distilling Flask—A round-bottom distilling flask, of heat-
resistant glass, of 200-mL capacity, and having a total
fength of 17 to 19 cm, and an inside neck diameter of 20 to
.22 mm. Attached about midwa% on the neck, approximately ,
42 cr-from thé bottom of the flask, is a side-arm 10 to
12 ¢m long and 5 mm in internal diameter, which forms an
_angle-of 70° to 75> with the lower portion of the neck.
| ~Condenser—A straight glass condenser 55 t0 60 cm in
“length with a water jacket about 40 cm in iength, or a con- .
denser.of other design having equivalent condensing capac-
ity. The lower end of the condenser may be bent to provide
a-delivery tube; or it may be connected to a bent adapter
“that serves as a delivery tube.
Instilating Boards—Two pieces of insulating board, 5 to
7 mm thick and 14 to 16 ¢m square, suitable for confining
the Heat to the lower part of the flask. Each board has a
hole In its center, and the two boards differ only with re-
spect to the diameter of the hole, i.e., the diameters are
:f cm and 10'cm, respectively. In use, the boards are placed
‘onié upon the other, and rest on a tripod or other suitable
“support; with the board having the larger hole on top.
Receiver—A 100-mi. cylinder graduated in 1-mL
* subdivisions,
~ Thermometer—In:order to avoid.the necessity for an
‘emergent stem correction, an accurately standardized, par-
tial-immersion thermometer having the smallest practical
subdivisions (not greater than 0.2°) is recommended. Suita-
ble thermometers are available as the ASTM E-1 series 37C
through 41C, and 102C through 107C (see Thermometers
{21)). 'When placed In position, the stem is located in-the
center of the neck, and the t(:ja of the contraction chamber
or-bulb, if 37C or 38C is used) is level with the bottom of
the outlet to the side-arm. ,
%5 Heat Source—A small Bunsen burner or an electric heater
or mantle capabie of adjustment comparable to. that possi-
ble,with a Bunsen burner. : -

- Procedure—Assemble the apparatus, and place in the
Jask-100 mL of the liguid to be tested, taking care not to
allow any of the liquid to enter the side-arm. Insert the ther-
mometer, shield the entire burner and flask assembly from
external air currents, and apply heat, regulating it so that
between 5 and 10 minutes elapse before the first drop of
distillate falls from the condenser. Continue the distillation
-at a rate of 4 to 5 mL of distillate per minute,. collecting the
distillate in. the receiver, Note the temperature when the
first drop of distillate falls from the condenser, and again
when the last drop of liquid evaporates from. the bottom of
the flask or when the specified percentage has distilled over.
Unless otherwise specified in the individual monograph, ap-
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ply when necessary the emergent stem correction and re-
port the temperatures adjusting the-barometric pressure by
the following formula: :

t = to + [(tas10 + 0.033)(760 - p)]

in which t is the corrected boiling temperature, in Celsius
scale; to Is the measured boiling temperature, in Celsius
scale; and p is the barometric pressure at the time of meas-
urement, in mm Hg.

(724) DRUG RELEASE

This test is-provided to determine compliance with drug-
release requirements where specified.in. individual
monographs. Use the apparatus specified in the individual
monograph. Replace the aliquots withdrawn for analysis
with equal volumes of fresh Dissolution Medium at the tem-
perature specified in the monograph or, where it can be
shown that repiacement of the medium is not necessary,
correct for the volume change in the calculation. Keep the
vessel covered for the duration of the test, and verify the
temperature of the mixture under test at suitable times.

TRANSDERMAL DELIVERY SYSTEMS—
GENERAL DRUG RELEASE STANDARDS

Apparatus 5 (Paddle over Disk)

Apparatus—Use the paddle and vessel assembly from
Apparatus 2 as described under Dissolution (711), with the
addition of a stainless. steel disk assembly! designed for-
holding the transdermal system at the bottom of the vessel,
Other appropriate devices may be used, provided they do
not sorb, react with, or interfere with the specimen being
tested2. The temperature is maintained at 32 + 0.5°, A dis-
tance of 25+ 2 mm between the paddie blade and the sur-
face of the disk assembly is maintained during the test. The
vessel may be covered during the test to minimize evapora-
tion, 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 assem-
b!{ holds the system flat and is positioned such that the
release surfaceis parallel with the. bottom of the paddle
blade (see Figure 1). :

1 Disk assembly (stainless sugport disk) may be obtalned from Millipore Corp.,
Ashley Rd,, Bedford, MA 01730, .

2 A suitable-device Is the watchglass-patch-polytef mesh-sandwich: assemb!f
avallable as the Transdermal Sandwich™ from Hanson Research Corp., 2810
Varle! Ave., Chatsworth, CA 91311, -
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;ﬁ.

—t— Dissolution
vessel

Paddls

occd)

Disk assembly

Fig. 1. Paddle Over Disk.
(All measurements are expressed in mm unless noted
otherwise.)

Apparatus S‘uitablllty‘Test and Dissolution Medium—
Proceed as directed for Apparatus 2 under Dissolution {711).

Procedure—Place the stated volume of the Dissolution
Medium in the vessel, assemble the:apparatus without the
disk assembly, and equilibrate the medium to 32+0.5°. Ap-
E»Iy the transdermal system to the disk assembly, assuring

hat the release surface of the system is as flat as f)ossible.
The system may be attached to the disk by appl?/ ng a suita-
ble 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 2 membranet is used to
support the system, it is applied so that no air bubbles oc-
cur between the membrane and the release surface. Place
the disk assembly flat at the bottom of the vessel with the
release surface facing up and parallel to the edge of the
addle blade and surface of the Dissolution Medium. The .
ottom edge of the paddle is 25+ 2 mm from the surface
of the disk assembly. Immediately operate 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 ailquot as directed in the Individ-
ual monograph, correcting for any volume losses, as neces-
sary. Repeat the test with additional transdermal systems.

Time—The test time points, generally three, are ex-
pressed in hours. Specimens are to be withdrawn within a

305[%3‘0\«: Comnlng, MD7-4502 Silicone Adhesive 65% In ethyl acetate, or the
equivalent.

4Use Cuprophan, Type 150 pm, 11 £0.5-um thick, an inert, porous cellulosic
material, which s available from Medicell International Ltd., 239 Liverpect
Road, London NI 1LX, England. :

usp 34

tolerance of £15 minutes or £2% of the stated time, the
tolerance that results in the narrowest time interval being
selected.

Interpretation—Unless otherwise specified in the indivig,
ual monograph, the requirements are met if the Céuantities
of active in red'Ient released from the system conform to
Acceptance Tabfe 1 for transdermal drug delivery systems,
Continue testing through the three levels unless the resuits
conform at-either L; or 1.,

Acceptance Table 1

Number ) )
Level Yested Criteria. _—

L & No indlvidual, value Hes outside the
stated range. i

L 6 The average value of the 12 units (L,
+ La) Hles within'the statéd range. No
Individual value Is outside the stated
range by more than 10% of the aver-
age of the stated range. ]

L 12 The average value of the 24 units (i,

+ Lz + Ly) lies within the stated
range. Not more than 2 of the 24
units are outside the stated range by
more than 10% of the average of the
stated range; and none of the units is
outside the stated range by more
than 20% of the average of the stat-

: ﬂed fange..

Apparatus 6 (Cylinder)

Apgaratus——Use the vessel assembly from Apparatus 1 as
described under Dissolution (711}, except to replace the bas-
ket and shaft with a stainless steel cylinder stir gi element
and to maintain the temperature at 32 +0.5° during the
test. The-shaft and cylinder components of the stirring ele-
ment are fabricated of stainless steel to the specifications
shownin Figure 2. The dosage unit is placed on the C{Ilinder
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 Medlum—Use the medium specified in the
individual monograph (see Dissolution (711)).

Procedure—Place the stated volume of the Dissolution
Medium In the vessel of the apparatus specified in the indi-
vidual monograph, assemble the apparatus, and equilibrate
the Dissolution Meditm to-32 +0.5°% Unless otherwise di-
rected In the individual monogrzmh, prepare the test system
prior to test as follows. Remove the protective liner from the
system, and place the adhesive side on a piece of

uprophant that is not less than 1 ¢m larger on all sides

than the system. Place the system, Cuprophan covered side
down, ona clean surface, and apply-a suitable adhesive * to
the exposed Cuproghan borders. If necessary, appl1y addi-
tional adhesive to the back of the system. Dry for T minute.
Carefully appI?( the adhesive-coated side of the system to
the exterior of the cglinder such that the long axis of the
system fits around the circumference of the cylinder, Press
the Cuﬁrophan covering to remove trapﬁned air bubbles.
Place the cylinder in the apparatus, and immediately 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 Dissofution Medium for analysis from
sThe cylinder stirring element Is available from Accurate Tool, Inc,, 25 Diaz

St., Stamford, CT 06907, or from VanKe! Technology Group, 13000 Weston
Parkway, Cary, NC 27513.



usP 34

Four holes at 1.111 +0.02
dia. equally spaced on 2.540
+0.02 dis. b.c. at 63.4° :0.5°

Physical Tests / (724) Drug Release 287

/— Interference fit
angle to surface. 094-1.01 dia. H
\
63.4° x 0.5°
40.640
Maximun_\ 6.079:
radius 0.300 . F 11367
w45 4002 1

TOLERANCES: I ‘I 4.27-4.30
£0.0127 — i . 4214

\ This adapter
FINISH: !

i 4.26814.270 —

All surfaces 32 I 3.670 section to ba

microifich rms. . used for

Degrease bafore large systems.

final assembly of

rod and cylinder -

g.‘ 9.383

Material:

304 stainfess steel 5.712

0.178 wail ~ ]

[P 445:002 —

Fig. 2. Cylinder Stirring Element.s
(All measurements are expressed in cm unless noted otherwise.)

a.zone midway between the surface of the Dissolution Me-
dium and the top of the rotating cylinder, not less than
1 cm from the vessel wall. Perform the analysis as directed
in the individual monograph, correctlng for any volume
losses as necessary. Repeat the test with additional trans-
dermal drug delivery systems.

Time—Proceed as directed under Apparatus 5.

. Interpretation—Unless otherwise specified in the individ-
ual monograph, the requirements are met if the ?uantities
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
Lonform at either Ly or La.

‘Apparatus 7 (Reciprocating Holder)

.. "NOTe—This apparatus may also be specified for use with
a.variety of dosage forms. -
wApparatus—The assembly consists of a set of volumetri-
Cally calibrated or tared solution containers made of glass or
other. suitable inert materialé, a motor and drive assembly
to'feciprocate the sf%/stem vertically and to index the system
ﬁlgzizgntally to a different row of vessels automaticatly if de-
sred,-and a set of suitable sample holders (see Figure 37
M-—

Ban materials should not sorb, react with, or interfere with the specimen
2eliig tasted, . ’ '

ighog feciprocating disk sample holder may be purchased from ALZA Corp.,
“rech Charleston Road, P.O. Box 7210, Mt. View, CA 94039-7210 or VanKel
Echnology Group.

and Figures 4a-4d). The solution containers are partially im-
mersed in a suitable water bath of any convenient size that
permits maintaining.the temperature, T, inside the contain-
ers at 321 0.5° or within the allowable range, as specified in
the individual mono%gaph‘, during the test. No part of the
assembly, including the environment in which the assembly
is placed, contributes significant motion, agitation, or vibra-
tion beyond that due to the smooth, vertically reciprocating
samnple holder. Apparatus that permits observation of the
system and holder during the test is preferable. Use the size
container and sample holder as specified in the individual
monagraph.

Dissolution Medium—Use the Dissolution Medium speci-
fied.in the individual monograph (see Dissolution (711){

Sample Preﬁaration A (Coated tablet drug delivery
system)—Attach each system to be tested to a suitable sam-

le holder (e.g., by giu nfg system edge with 2-cyano acry-

ate glue onto the end of a plastic rod or by placing the
system ‘into a small nylon net bag at the end of a plastic rod
or within a metal coif attached to a metai rod). -

Sample Preparation B (Transdermal drug delivery
systermn)—Press the system onto a dry, unused piece of

uprophan?, nylon netting, or equivalent with the adhesive

sidevagainst the selected substrate, taking care to eliminate
air bubbles between the substrate and the release surface.
Attach the rs?/stem to auitable sized sample holder with a
suitable O-ring such-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 cylindri-



