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New PowerLine Based Automated System For
Dissolution Control: Waters 610/600E PowerLine
System for Dissolution Testing

Introduction

In 1987 Waters first introduced an
automated dissolution/HPLC (High
Performance Liquid Chromatograph)
interface based on the 840 Data and
Chromatography Control Station. This
system improves the efficiency of the
dissolution lab by transferring samples
directly from the dissolution test station
to the HPLC, analyzing those samples
and documenting the results. -

In March of this year, at the 40th
Annual Pittsburgh Conference and
Exposition, Waters announced the
incorporation of dissolution acquisi-
tion software in the Powerline™ 610
isocratic and the 600E gradient sol-
vent delivery and system control
modules. The 610 isocratic Powerline
system module can be upgradedto a
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four solvent gradient system (function-
ally equivalent to the 600E) with the
addition of a gradient valve station.
These Powerline modules are a new
way to integrate the lotest technolo-
gies ot today’s HPLC system compo-
nents info a combined centralized
controller, providing complete system
communication and system parame-
ter documentation. This new approach
trom Waters provides power beyond
that of stand-alone HPLC compo-

nents. Additionally, Powerline HPLC
systems can be configured with either -

an integrator, or a chromatography
workstation using Waters Maxima ™

_or Expert Ease™ software.

The Powerline Automated
Dissolution/HPLC system consists of a
600E or 610 Powerline module (Rev.
2.0 Software), a 484 Tunable UV/VIS
Absorbance detector, a WISP™ 712D
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sample processor, and a Hanson
Transter Controller (TC)* which trans-
fers dissolution samples from the dis-
solution test apparatus directly into the
active 712D sample processor.

How the PowerLine System for

_Dissolution Testing Works

The following operational description
is applicable to either the 610 or the
600E Powerline solvent delivery and
system control modules.

Dissolution control is accessed from
the Autoinjector Setup screen of the
600E controller. When enabled, the
600E coordinates the transfer of disso-
lution samples into the active 712D
autosampler carousel while perform-
ing chromatography on previously
collected dissolution samples or
calibration standards.
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Waters Powerline Dissolution System including
Woaters 600E Gradient Powerline Module,
Waters 484 detector, the WISP 712D, and the
Hanson Transfer Controller. {Hanson SR-2
Dissolution Bath courtesy of Fanson Research
Corporation.)




The Hanson Transter Controller

(TC), activated by the 600E, removes
samples from the dissolution bath at
times specified in the Dissolution Table
editor. Autoprobes, equipped with
5210 micron filters, are lowered simul-
taneously into each of the dissolution
vessels at the specified sampling time.
Excess filtered sample is withdrawn
into six volumetric cylinders under
vacuum. Each of the six cylinders have
a liquid leveling rod to determine the
sample volume that will be dispensed
into the 712D autosampler carousel.
Using positive pressure, the TC deliv-
ers the excess sample back into the
dissolution vessels, simultaneously
backflushing the autoprobe filters.
The remaining measured and filtered
sample is then dispensed info empty,
capped one ml vials inside the active
712D sample processor.

Dissolution sampling times are
entered in the Dissolution Table editor
of the 600E Controller according fo the
protocol specified by the dissolution
test. The injection sequence consisting
of samples and standards, and chro-
matography run times are entered in
the Program Methods editor.

The 600E dissolution software
determines whether an HPLC injection
can be made without interfering with
the acquisition of dissolution samples.
it it can, the HPLC injection is com-
pleted and the 712D sample carousel
is rotated to the correct position to col-
lect the dissolution samples. On the
other hand, if the system determines
that it cannot make the next scheduled
injection before the next set of dissolu-
tion samples are acquired, it interrupts
the injection sequence to rotate the
712D carousel to the correct dissolu-
tion sample acquisition position. Once
dissolution samples are acquired, the
carousel is rotated back to the position
it was in before the sample transter

AUTOINJECTOR SETUP

SYRINGE DRAW RATE:
INJECT DELAY: 0.9 m|

AUTO STDS: YES
NUMBER OF STANDARD VIALS: 3
SAMPLE VIALS BETWEEN: 6
NUMBER OF INJECTIONS:
INJECTION VOLUME : 25

DISSOLUTION: YES

Waters 600 Powerline Module Autoinjector
Setup Screen Editor allows you to activate dis-
solution software. In the pharmaceutical indus-
try, it is common to periodically run calibration
standards after a predetermined number of
samples have been analyzed. A convenient
feature of the 600E Powerline control module
is the Auto Standards routine, which allows

the user to program standard vial injections
between a set number of somple vials.
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Waters 600E Dissolutior Table screen editor
allows entry of sampling times. The automated
dissolufion system uses the 96 vial carousel in
the 712D ocutosampler io accommodote the
many samples taken during a dissolution test.
The Dissolution Table editor provides the user
with documentation of sample times and vial
location of dissolution samples. Typically, the
first six positions of the carousel are reserved for
multilevel calibration stondards.

took place and the injection sequence
continues. In all cases, the 600E soft-
ware prioritizes dissolution sample
acquisition over that of a sample or
standard injection.

There are cases where itis possible
that the samples scheduled to be
injected into the HPLC have not yet
been acquired. This may happenina
situation where the dissolution sam-
pling intervals are hours apart and the
chromatography is programmed at
minutes per injection. In this case, the
dissolution software recognizes that
the samples scheduled for analysis
have not been acquired and will delay
injections from these vials until they
have been filled with dissolution
samples.

Through intelligent software rou-
tines and advanced sample handling
techniques, the Waters Automated
Dissolution/HPLC system provides
greater confidence in sampling and
analytical results. Should verification
of specific sample data be necessary,
identified samples can be re-injected,
since all dissolution samples are
retained until the analyst approves all
the data.

Combined Dissolution Testing and
Content Uniformity for Quality Control

in addition to dissolution analyses,
content unitormity determinations

are also routinely performed in the
pharmaceutical laboratory. Content
uniformity determinations are usually
performed separately by HPLC tech-
niques, while dissolution results are
more often based on spectrophoto-
metric techniques. Waters Automated
Dissolution System lets the pharma-
ceutical chemist combine dissolution
testing and content uniformity determi-
nations using a single automated
method.

In combining these two tests, three
criteria must be met. First, two dissolu-
tion baths must be used. Most dissolu-
tion tests require that only six samples
be analyzed; however content unifor-
mity determinations are usually per-
formed on a minimum of ten samples,
necessitating the use of a second dis-
solution bath (six additional samples).

Second, content uniformity deter-
minations must be performed when
the active ingredient(s) are 100%
dissolved.

Third, the same HPLC method must
be capable of analyzing dissolution
samples as well as performing content
uniformity determinations. If all three
of these criteria are met, content uni-
formity determinations can be made
utilizing either the same samples ana-
lyzed for the dissolution test (if actives
are known to be completely dis-
solved), or samples withdrawn from
the dissolution test vessels at alater
time point {if the last dissolution sam-
pling time is known to occur before the
actives are 100% dissolved).



To demonstrate the feasibility of
combining these two test procedures,
identical HPLC methods (See Figure 1)
were used for both the dissolution test
samples and content uniformity deter-
minations for the antihypertensive
product Timolide®. Timolide contains
hydrochlorothiazide and timolol
maleate at 25 mg and 10 mg per
tablet respectively.

The Waters Automated Dissolution
System was used to control the sam-
pling of 12 dissolution test vessels,
transter the samples to the active 712D
autosampler, and analyze the dissolu-
tion sample and standard solutions.

In this case, the Timolide actives were
completely dissolved at the final disso-
lution test time point. Content unifor-
mity determinations were based on
the HPLC results obtained from 10 of
the 12 dissolution samples. Additional
content uniformity samples prepared
offline by accepted United States
Pharmacopeia (USP) methodology,
were manually loaded into the WISP
carousel for comparison with the dis-
solution samples (see Table 1).

Conclusion

The Waters Powerline System for Dis-
solution testing brings a new dimen-
sion to dissolution analyses. Its ease of
use, versatility, precision and reliability
surpass all other dissolution sample
assay techniques. Itis the only online
dissolution HPLC system that performs
a complete drug product release
study. Now tor the first time research-
ers can execute extended dissolution
profiles, content uniformity studies and
composite drug assays on a single
automated system providing them
with the specificity and sensitivity de-
manded by today’s drug formulations.

The data in Table 1 indicates that the automated
method (different sample preparation method,
but same chromatographic method of analysis),
gives a similar mean and variance indicating
that this method does not significantly affect the
outcome of the content uniformity test. From the
analysis of the means and variances by T-tests
and F-tests respectively, we conclude that the
manuol method of sample preparation for con-
tent uniformity could be substituted with the
automated dissolution method without signifi-
cant bios to the results.

Figure 1: Waters 860 Networking Workstation Chromatography Sample Report of Timolide
Separation
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Acquisition method COMBINED3 Processing method COMBINED3
Units System number 1
Channel 1 vial 30
Injection 1 Total injections 1
Run time 9.00 min Sample rate 1.00 per sec
Injection volume 50 ulL Mode Analysis
Acquisition version 840/,6.21 Processing version V1.2
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Conditions:
Run time 9.00 min Sample rate 1.00 per sec
Injection volume S0 uL Sample amount
Internal standard amt Scale factor
Mode Analysis

Keyboards of Remote Devices Locked

Peak Detect Threshold 25 Peak Width 20 sec
Integration Delay 3.00 min Area Reject 25000

single Point Calibration Quantitation by Area

Retention Time Offset 0.00 sec Force Through Zero is Disabled
Relative Peak Window 10% Absolute Peak Window OFF

LC Results:

Peak Name Ret Time Area Height Int Amount Intercept
HYDROCHLORTH. §.78 693929 {3907 BB 0.028 0.000e+00
TIMOLOL 7.22 394845 18768 BB 0.011 0.000e+00
Peak Name Slope Response

HRYDROCHLORTH., 2.516e+07 6.939329e+05

TIMOLOL 3.647e+07 3.94845e+05

wBondapak C,; column. The mobile phase consisted of water, acetonitrile, methanol and pt 3.0
phosphate buffer (38:8:2:2). The separation wos monitored at 295 nm as specified in USP XX,

Table 1:  Comparison of Manually Prepared Content Uniformity Sample Data to the Combined 10
Vessel Dissolution Data

Hydrochlorothiazide
Manual
Tablet mg/ml Tablet
1 25.05 11
2 2538 12
3 25.10 13
4 24.93 14
5 25.03 15
6 24.83 16
7 25.23 17
8 25.05 18
9 25.18 19-
10 2588 20
AVG 25.17
Sbv 0.28
RSD i1
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Auto
mg/mi

24.53
24.58
24.62
2523
2478
25.34
24 61
25.50
25.21
2520

24.96
0.35
1.42

Timolol Maleate

Manual Auto

Tablet mg/mt  Tablet mg/ml
1 9.88 11 9.93
2 10.01 12 9.92
3 9.80 13 9.78
4 9.81 14 9.99
5 997 15 10.00
6 9.74 16 10.20
7 9.98 17 9.63
8 9.85 18 9.79
9 9.89 19 10.06
10 1030 20 993

992 9.92

0.15 0.15

1.51 1.52

HPLC separation of Timolide active ingredients, hydrochlorothiazide and timolol maleate on a Waters




Dissolution Testing Requiring High
Sensitivity Analysis

The trend in the pharmaceutical indus-
try is toward more complex formula-
tions, lower dosages, and more
sophisticated drug delivery systems
such as controlled release products.
As aresult, pharmaceutical research-
ers are moving away from the tradi-
tional analytical spectrophotometric
techniques and are turning to HPLC for
dissolution analyses and quality con-
trol. The excellent specificity of HPLC
makes it a more sensitive and reliable
analytical tool than spectrophotom-
etry. In addition, the USP accepts
HPLC as a method of analysis for dis-
solution samples.

Dissolution Testing of
Oral Contraceptives

Sensitive and reproducible HPLC sep-
arations of 23 different commercial
oral contraceptive tablets, containing
norethindrone and ethinyl estradiol at
very low levels, have been described
by Papas, et al.' Their method
involved dispersing the tablet in 10 ml
of a mixture of methanol and water
(80%/20%)). This corresponded to
working concentrations of 100 pg/mi
and 5 pg/ml for a tablet containing 1
mg norethindrone and 0.05 mg ethinyl
estradiol respectively.

Dissolution testing of oral contra-
ceptives was modified by the USP?in
1988 to reflect the use of HPLC as @
method of analyzing dissolution sam-
ples. Using this method the tablets
are dissolved in 600 mlof dissolution
media and the samples analyzed by
HPLC. The formulation described
above would provide working con-
centrations of 1.7 png/ml for norethin-
drone and 0.08 pug/ml for ethinyl

Figure 2: Waters 860 Expert Ease System Suitability Report
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! Acquisition method SYSSUIT Processing method SYSS [
1 Units System number 1 .
, Channel 1 vial 1 |
Injection 2 Total injections 9 i
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H Table of System Suitability Results
|
: Sample Name ssstd Vial 1 Inj 2 Chan 1
Baseline RMS noise 8.161671 (uv) drift -0.035435 (uv / sec)
I Name Ret Time Area Height Plates Resolution Tailing Factor
[ UNKNOWN 2.44 4013 385 798 - 1.272
UNKNOWN 2.81 5235 1073 3972 - 0.725
! UNKNOWN 4.71 7805 254 643 - 0.582
} NORETHINDRONE 9.11 56495 4420 9575 2.779 1.069 |
: ETHINYL ESTRAD. 10.28 23481 1645 10551 21.282 1.078 1
1
Name Ret Time Width: baseline S5-sigma half height |
] (minutes) (data points) {seconds} {seconds) :
UNRKNOWN 2.44 24 25.924 9.808 |
[ UNKNOWN 2.81 15 13.378 5.244 [
. UNKNOWN 4.71 57 55.716 45.028 |
NORETHINDRONE 9.11 40 27.929 12.005
ETHINYL ESTRAD. 10,28 37 30.030 13.301
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System Suitability Report of Oral Contraceptive Standard Injection. The system suitability report for a
single vial injection prints the chromatogram and reports the USP parameters such os resolution, plate
counts, and tailing factors for all peaks identified in the calibration table. In addition, a summary
report is also printed for multiple injections of standard vials, reporting means, standard deviations,
and relative standard deviations of area, height, retention time, tailing foctor, resolution and plate

count.

estradiol. This represents a 60-fold
dilution over the me-hodology origi-
nally described by Papas.

To demonstrate the sensitivity of
Waters 484 Tunable Absorbance
Detector, Waters Pharmaceutical lab-
oratory performed the dissolution test
outlined in the USP for norethindrone
and ethinyl estradiol tablets.

In this experiment, the unique capa-
bilities of the Powerline Dissolution/
HPLC interface were coupled with
those of the 484 absorbance detector.
The optics of the 484 detector are con-
trolled by the Powerline 600E system
control module by means of an IEEE-
488 communications bus. Wave-
lengths and sensitivity settings are
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programmable, offering the chroma-
tographer the ability to optimize the
detector output.

A standard solution was prepared
representing the concentration of a
typical oral contraceptive dissolution
sample. The HPLC analysis required
detection of these compounds at con-
centrations below 1.7 ng/mland 0.08
ng/ml for norethindrone and ethinyl
estradiol respectively.

‘Pepas, Andrew N, Marchese, Salvarore M, ond Delancy,
Michael F, Ropid Deterrmingtion of Norethindrone and
Frhinyl Estracho! o Orol Contreceptive Tablets by Reversed-
phase Ligud Chromatograophy, LC, Vol 3 No 4, [Apri,
1985)

ZNorethindrone and Ethinyl Fsiradiol Tablets, USP XXI,
Severth Suoplement, 2813 11988)




The USP protocol suggests 100 !
injection sizes which is equivalent to
170 ng of norethindrone and 8 ng of
ethinyl estradiol injected onto the
HPLC column. Given the poor spectral
characteristics of these two com-
pounds, analytical requirements dic-
tate an HPLC method that can provide
a stable UV detector response, athigh
sensitivity, when operating at 200 nm.

Dissolution data was reprocessed
on the Waters 860 networking com-
puter system. Accurate and repro-
ducible integration was obtained on
peaks representing as little as a two
millivolt response.

Figure 2 shows a system suitability
report generated by the Waters 860

Networking Computer System, illus-
trating @ typical separation of a syn-
thetically prepared oral contraceptive
dissolution sample using a Waters 484
absorbance detector. Five replicate
injections of a standard solution
resulted in RSD's of 2.5% for both
actives, below the 3.0% specification
setin the USP monograph.

In addition, the system suitability
report shows the theoretical plates for
ethinyl estradiol at 10,551 {USP states
7000 minimum) and the resolution
between the two actives at 2.8 { USP
states 1.5 minimum). The tailing factor
for both actives was well below the
maximum of 2.0 described in the USP
monograph.

The Waters 845 Chromatography Workstation

‘The Ideal Chromatography Workstation
for the Pharmaceutical Laboratory.

The Waters 845 Chromatography
Workstation is one of the most power-
ful laboratory data handling and con-
trol systems available today: Itis a
quantitative tool that enables the phar-
maceutical chemist to measure crea
and/or peak height and to accurately
calculate the true amount of material
present in samples.

The Waters 845 combines the
power of the Digital VAXstation 2000
or the VAXstation 3100 Desktop Com-
puter with the latest enhancements of
Waters Expert Ease Software. The
845’s window environment enhances
the system’s multitasking capabilities.

Wiaters Expert Ease Softwarc

Waters Expert Ease software is a

direct access, menu driven software

package optimized for gas, liquid, and
ion chromatography appli-
cations. (There is an optional
software package designed
for gel permeation applica-
tions.) It automatically collects
data, integrates peaks, stores

| methods, plots in real-time,

runs statistics and generates

graphics and custom reports.

Conclusion

Analysis of dissolution samples by
chromatographic techniques can put
a burden on the HPLC system. Dilute
solutions of active ingredients must be
capable of being reproducibly ana-
lyzed. The Waters Automated Dissolu-
tion System is capable of providing the
user with convenient methods setup,
variable sample injection volumes and
detector options to meet the demands
for high sensitivity analyses.

The Waters Expert Ease software
offers internal or external, single or
multi-point calibrations up to 99 levels.
It allows linear, quadratic, cubic,
point-fo-point and segmented curve
fits. Calibration curves and regression
statistics can be printed or plotted
for presentation or documentation
puUrposes.

The 845 offers default integration
parameters to meet the needs of most
pharmaceutical applications and
integration timed events are pro-
vided for complex chromatographic
separations.

Waters Easy-View software allows
simple mouse driven manual integra-
tion and chromatogram zooming to
see and accurately integrate even the
smallest peaks.

Waters Custom Report Manager
allows the user fo tailor chromato-
graphic report formats, report se-
quences and the report print location.

Waters Expert Ease Custom Con-
vert capability allows transfer of valu-
able chromatographic results into
RS-1, Lotus 1-2-3®,20/20™ or ASCII

Waters 845 Chromatography Workstation fea-
turing the VAXstation 3100 personal computer
from Digital Equipment Corporation.




tormats tor further statistical analysis.
Complete methods documentation is
available for GMP/GLP purposes.

Wiaters LAC/E Technology

Waters Laboratory Acquisition and
Communications Environment
(LAC/E™) module provides advanced
system control and data acquisition
capabilities to increase your labora-
tory’s productivity.

The LAC/E module controls all
Waters pumping modules including
isocratic, single-pump gradient and
multi-pump gradients. It also controls
Waters family of WISP sample proces-
sors as well as Waters detectors (410
Differential Refractometer, 484 and
490 Absorbance Detectors). LAC/E
serial board options offer the ability to
connect up to eight additional printers
offering a more organized reporting
structure for a multiple HPLC/GC
laboratory.

Waters SAT/IN™ module provides
two channels of high resolution A/D
with separate time bases to meet the
needs of capillary GC, aswell as LC,
IC and GPC data collection.

Introducing Waters Expert Ease
System Suitability Software Option

Waters Expert Ease System Suitability
software option provides the pharma:
ceutical chemist with critical HPLC
separation dota needed to validate
chromatographic system perfor-
mance. The software calculates plate
count, resolution, and tailing factors,
determines percent relative standard
deviation for retention time, areq,
height, plate count, resolution and
tailing factors for single vials or entire
multi-methods.

Waters Custom Convert manager
transfers summary reports into third
party software formats (RS-1, Lotus
1-2-3, 20/20 and ASCII) for further
statistical analysis and graphic pre-
sentations as shown in Figure 3.

Figure 3: Enhanced Graphic Display of System Suitability Results

System Suitability Results
for Hydrochlorothiazide and Timolol Maleate
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Through advanced communication protocols, the Waters 845 Chromatography software provides
unlimited methods development options and sophisticated multiple detector control.

LEGEND

"1 HYDROCH

TIMOLOL

Analytical results con be zonverted fo a third party software format for enhanced visual displays. In
this example, system suitability results from the analysis of a calibration standord contoining hydro-
chlorothiazide and timolol maleate were converted 1o o format compatible with Access Technology’s
20/20 software, and then graphed to demonstrate advanced reporting capabilities of the 845 system.




Waters Extends its Family of Sample Processors

Waters 715 and 1700 WISP

sample Processors for Advanced
Sample Handling

Waters has introduced two new prod-
ucts to extend its line of auto injectors,
the 715 Ultra WISP and the 1700 WISP
Sample Processors. The 715 offers full,
flexible programmability with easy-
to-use menus and CRT display and an
all-electric valve design. ltis ideal for
applications involving reagent addi-
tions and derivatization. It is compati-
ble with automated workstations such
as the Millilab™ 1A Sample Prepara-
tion Workstation.

The WISP 715 is compatible with
Waters Powerline HPLC system tor
single keyboard control and docu-
mentation of all operating system
parameters. In addition, it features an

exclusive fluid path design that ensures
accuracy and reproducibility for all
injector volumes while eliminating
cross-contamination and carry-over.

A choice of sample injection vol-
umes, from 1 microliter to 2000 micro-
liters and carousels with either 48
four-milliliter or 96 one-milliliter vials,
are available.

The Waters 1700 WISP Sample
Processor provides automated sample
preparation with Waters Milllab Work-
station, plus direct sample injection for
on-line HPLC analysis. This innovative
system performs filtration, solid phase
extraction, liquid-liquid extraction,
mixing, addition of internal standards,
heating, cooling, evaporation, trace
enrichment, plus many other repetitive
sample cleanup roctines completed
unattended.

Pharmaceutical Notes Free Column Offer

We would like to receive editorial con-
tributions from you. If you have an
HPLC, IC or GPC application or an
improved sample preparation tech-
nique that you would like to share
with our readership, we would like
toinclude itin a future issue of
Pharmaceutical Notes.

In exchange, we will send you @
free analytical reverse-phase Cyg col-
umn of your choice in a Nova-Pak™,
pBondapak™ or Resolve™ chemistry
if your contribution is accepted.
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The CRT in the 715 WISP verifies system status
and conveniently programs priority sompies as
needed without interfering with the run in prog-
ress. In addition, system messages ond system
diagnostic routines make troubleshooting and
mointenance ecsy.

Please send your suggestions to:
Carole Wade-Clark MC
Waters Division of Millipore
34 Maple Street, Milford, MA 01757




How to receive future”
issues of Pharmaceutical
Notes

Return the enclosed reply card today

to be sure you don’t miss a future issue

of Pharmaceutical Notes. For further

information concerning any of the arti-

cles in this issue, contact your nearest
Waters technical representative or call
508-478-2000.

Waters Chromatography Division
Millipore Corporation

34 Maple Street

Milford, MA 01757
508-478-2000

U.S.A. Sales Offices

New England Waters Chromategropny
Division / Mill:pore Corpcrotion / 34 Maple
Street / Miliord, MA 01757 / Te.. 508-478-2000
Chicago Woters Chromclography Division

1555 Mittel Boulevard / Wood Dele, IL

60191/ Tel. 3:2-766-6060

New Jersey Waters Chromatog:aphy Division
35 Airport Pzrk 7 Suite 230 / Morristown, NJ
07960 / Tel. 201-285-1404

North Carolina Weters Chromatography
Division / 117 tdinburgn Drive / Suite 206

Cery, NC 27511 / Tel. 919-469-250i

San Francisco Waters Chromatography Divi-
sion c/o Millipore Corporation / 448 Grandview
Drive / South San Francisco, CA 94080

Tel. 415.952-9200

Southwest Weters Chromatogreohy Division
2626 South Loop West / Suite 170

Houston, TX 77054 / Tel. 713665 73:0
Washington Waters Chromatography Division
3702 Pender Drive / Fairex, VA 22030

Tel. 1-800-526-0771

Overseas Offices

Australia Millipore Pty. ttc. / Waters
Chromatography D'visicn / Locked Bog 18
87-89 Mars Road / Lane Cove, N.S.W. 2066
Tel. Inwats (008) 222111 /In Sydney

Arec (02) 427-0511 / Telex 25934

Austria Miilpore Ges.m.b.h. / Hietzinger
Haupstrasse 145/ A-1130 Wien

Tel. {0222) 82 89 26 / Telex 131464 Miliv A
Belgium and Luxembourg Millipore-N.V.
Weaters Chromctog:aphy Division / Raketstraat
60 / Rue de o Fusée 60/ 1130 Bruxelles-Brussels
Tel. {0?) 242.1740 / Telex 22798 milwat b
Brazil Miliipcre Industric e Comercio Lida.
Waters Chromatography Division / Ruc Prof.
Compos de Oliveira, 430/ CFP 04675-Coixc
Postcl 19065 / Sao Pauio / Tei. (011} 548-7011
Telex {11} 25078

Canada Weters Chromatcgraphy Division
3688 Nashua Drive / Mississauga / Ontorio
LAV-IMS / Tel. 416-678-2141

Toll-tree 1-800-268 4887 / lelex 06-9685: 3
Denmark Millipore A/S/ Waters
Chromatography D'visicn / Roskiidevej 342
2630 Téstrup / Tel. (42) 52 88 1

Teiex 33544

Finland Millipore Oy 7 Waters Chromatogrephy
Div'sion / Ruukinkujc ! / 02320 Espoo

Tel. 90-801 90 77 / Telex '2.2123 milpor si
France Millipore S.A. / Waters Chromatography
Division / Boite Postale 307 / 78054 Scint
Quent'n/ Yvelines Cédex / Tel. {1} 30.45.70.00
Telex 698 371 F

India Waters Instruments {India) Put. Ltd.

1+ Floor Shanker House / ! Rajmohcl Vilos Extn. /
Mekh:i Circle / Bengalore 560 080

Tel. {812} 34-9203 / Telex 8452028 SWPL IN
Italy Millipore S.p.A. / Waters Chromctography
Divisior / Via Achille Grarde, 23/20090
Vimodrone MI/Tel. (2)25078!

Telex 312284 milspai/Telefex (2)2650324

Italy Miil'po-e S.p.A. / Waers Chromctography
Division / Viale del Caravaggio 107/ 00147
Roma RM / Tel. (06) 51.32.452 / [06) 51.3:.593
(06) 51.31.512 / Telefox {06} 51.96.267

Japan Nihon Milipore Ltd. / Waters
Chromatog-aphy Division / No. 5 Koike Bidg.
3.2, Kite-Sninagawe 1-chome / Shinagawa-Kuy,
Tokyo 140/ Tel. 81-3-471.719]

Telex 781-0232416i

Mexico Millipore S.A. de C.V. / Waters
Chromatography Division / Avenida Ingenieros
Militares 85 / Mexico 11230 D.F.

Tel. 576-9688 / Telex 1777 442

The Netherlands Millipore 8.V. / Waters
Chromatography Division / Penningweg 33
Postous 166 / 4870 AD Etten-Leur (N.B)

Tel. {0 16 08) 22000 / Telex 54 840 milwe nl
Norway Millipore AB / Waters Chromatography
Division / Enebckkveien 133/ 0680 Oslo 6

Tel. {02) 67 82 53

Peoples Republic of China {Beijing) Nihon
Weiters Service Center Rm. 638, Xiyuan Hotel
Eriigou Xijioo, Beijing

Tel. 8022018 / Telex 22685

Peoples Republic of China Millipore China Ltd.
Waters Chromatogrephy Division / Hope

Sea Industrial Centre / 26 Lom Hing

Street / Suite 105/ 15t Floor / Kowloon

Bay / Hong Kong / Tel. 3-796 3736

Telex 3-7967374

Puerto Rico Millipore Corporation Puerto Rico
Branch / Waters Chromatography Division

KM 7.7 / Stote Road 172 / Cidra, Puerto

Rico 00639 / Tel. 809-747 8444

Telex 385 72 76

Spain Millipore Ibérica S.A. / Waters
Chromatography Division / Avdo del Llano
Castellano, 13/ 28034 Mcdrid

Tel. (91) 729.03.00 / Telex 23545 milli e

Spain Millipore Ibérica S.A. / Waters
Chremotography Division / Entenzo 28

08015 Barcelona / Tel. (93) 325.96.16

Telex 50524 wtrs e

Sweden Millipore AB / Waters Chromatography
Division / Box 233 / L&ngebergsgatan 30

421 23 Vastra Frdlunda / Tel. [031) 28 98 60
Telex 21064 milipor s

Sweden Millipore AB / Waters Chromatography
Division / Grahemsvégen 15

172 46 Sundbyberg / Tel. (08) 98 89 40
Switzerland Millipore AG / Steinackerstrasse 11
8302 Kloten / Tel. 41-181-41-363 / lelex 56067
The United Kingdom and Ireland Millipore
{U.K.} Limited / Waters Chromatography Division
The Beulevard / Ascot Rocd

Croxley Green, Wotlord

Hertiordshire WDI 8YW

lel. 44.923 816375

Telex: 851-24191 MILLIPOR G

USSR, Middle East, Eastern Europe and Africa
Millipore Ges.m.b.h. / Hietzinger Houpstrasse
145/ A-1130 Wien / Tel. {0222) 82 89 26
Teiex 131464 Miliv A

West Germany Millipore GmbH / Woters
Chromatogrephy Division / Hauptstrasse 81-85
6236 Eschborn / Tel. 06196-494-0

Telex 4072704 mil d

For all other countries: Woaters Chromatography
Division / Millipore Corporation / 34 Maple Street
Milford, MA 01757 / USA / Tel. 508 478-2000
Telex '74166

Waters, Miliipore, LACE/F, SAT/IN, Expert Ease, WISP uBondapak, Resolve, Nova-Pak, Maxima
and MilliLab are trademarks of Millipore Corporation.
Lotus 1-2-3 is a registered trademark of Lotus Corporation.

20/2Q'is o *rademork of Access Technology, Inc.

Timolide is a registered trademark of Merck, Sharp & Dohme.

Pharmaceutical Notes is published by the Pharmaceutical Group of Waters.
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