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SECTI ON |
PREPARATI ON OF SAMPLES AND STANDARDS



SAMPLE AND STANDARD PREPARATI ON FOR PHARMACEUTI CAL DRUG
FORMULATI ONS

In your career as a drug analyst, you will handl e nany types of
pharmaceutical fornulations. Space does not permt describing
how to handle all differenttypes of fornulations. However, a few
of the nobst conmon types will be described, along with a

di scussion of standard preparation. It is inmportant to renenber
that no matter what type of forrmulation is encountered, the
primary goal of the analyst is to obtain a representative and
honogeneous sanpl e for anal ysis.

TABLET SAMPLES

Anal ysis of tablets is usually straightforward but the anal yst
must be aware of rogue sanples that are not anenable to the
nmet hod outlined. Proceed as follows:

a. At least 20 tablets are weighed accurately on a four-place
bal ance. The weight is recorded and the average tablet weight is
cal cul at ed.

b. The tablets are ground with a nortar and pestle, sieved
t hrough a 40-60 mesh drug sieve, and m xed throughly. Al
gri ndi ng should be done in a hood to prevent inhaling any drug.

c. Aportion is weighed into a volunetric flask, solvent is
added, and the mi xture is shaken (heat or ultrasound nmay be used
if needed) to extractthe active drug substance fromthe tabl et
matri x. The solution is allowed to adjust to roomtenperature,
and diluted to volunme (quantitatively, if needed). The solution
should be filtered before further dilutions are nade. Wth HPLC
nmet hods, in which nenbrane filters are used, it may be easier to

filter the solutions if they are diluted first. It nmay be
necessary to prefilter solutions if they won't go through a 0.45
m menbrane filter. |If the solution is prefiltered, there is a

possibility that sonme active ingredient nay be absorbed by the
filter.

NOTE--1f a large quantity of solid nmaterial is weighed and
remai ns insoluble in the solvent, it is possible that |ess than
t he vol une declared on the volunetric flask is present because
sonme of th volunme has been occupied by the solid. In this case
t he sanpl e shoul d be weighed into a container and an accurate
vol ume of sol vent shoul d be added.
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Sone tabl et sanples may have to be handled slightly differently.

Sugar -coated, enteric-coated, or tinme-delay tablets may pose

hi dden problens to the anal yst. For exanple, col ored sugar
coatings, which interfere with the analysis, nay have to be
washed off and the tablets dried before weighing and

grinding; exceptionally hard tablets may require use of a

WG L-BUG (trade nanme, Crescent Inst. Co.), which uses steel
balls, to reduce themto a fine powder; if grinding generates
enough heat to make the tablet matrix sticky or causes the active
i ngredi ent to deconpose, the conposite may be prepared by putting
10 or 20 tablets into solution directly to prepare the materi al
for anal ysis.

CAPSULE SAMPLES

There are two types of capsules: hard gelatin and soft gelatin.
Hard gel atin capsul es are nade up of two parts that slip together
to hold a dry powder or small beads; they are called dry powder
capsules (DPC) or timed-rel ease capsules (TRC). Soft gelatin
capsul es are one piece and usually contain a liquid or syrupy
substance such as a vitamn preparation

Dry powder capsules. Twenty capsules are accurately wei ghed and
the contents of each are enptied into a container. The shells
are cl eaned by swabbing themeither with a Qtip or a sol vent
(e.g., ethyl ether) that dissolves the powder but does not attack
the shells. The powder is m xed and saved for anal ysis,

and the dry enpty shells are weighed. The average wei ght of the
dry powder is obtained by subtracting the average wei ght of the
shell fromthe average wei ght of the entire capsule. The dry
powder is then handled in a manner simlar to the ground tabl et
mat eri al .

Ti med rel ease capsules. These are handled in a manner simlar to
the dry capsul es except that the shell generally does not need to
be cl eaned. However, the beaded material nust be wei ghed and

t hen reduced to a honogeneous powder, by grinding, sieving, and
m xi ng before anal ysis.

Soft gelatin capsules. Usually these are carefully sliced open
with a scalpel and the liquid material is collected in a
volunetric flask, with care not to spill any of the material.
The inside of the capsule is then rinsed
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with a suitable solvent contained in a syringe with a fine gauge
needle. The rinsings are collected in the volunetric flask. The
soft gelatin capsule is then discarded. Usually several capsule
contents are conbined as a conposite and the result is calcul ated
on the basis of an individual capsule.



LI QU D SAMPLES

Li quid sanples nmay be either solutions or suspensions. Both
types of sanples should be m xed before sanpling, but in the case
of suspensions which quickly separate out, such as sone
suspensions for injection, it is extrenely inportant to m x the
sanple and then i medi ately renove the portion for analysis with
a pipette. In addition, viscosity of liquid pharnaceuti cal
formul ati ons can vary from non-vi scous (water-like) to very

Vi scous (suspensions or magnmas). Sone of these fornulations are
solutions for injection, elixirs, syrups, etc. Sanples of |ow

vi scosity are nmeasured by using a TD (To Deliver) pipette and
diluting to volune with an appropriate solvent. Wth nore

vi scous sanmples, a TC (To Contain) or a Mhr w de-bore calibrated
pi pette may have to be used; then, after draining, the remaining
material is rinsed out of the pipette with a suitable solvent.

| f sanples are too viscous to be pipetted, it nmay be necessary to
wei gh them and convert to volunme, using a specific gravity

determ nation

OTHER TYPES OF SAMPLES

There are many ot her types of pharnaceutical formulations

i ncluding creans, |otions, ointnents, dental pastes, inhalators,
dermal patches, inplants, etc. Each of these can pose different
and sonetines difficult problens to the analyst. For exanple, a
cream or ointnent should be renobved fromits container before
sanpling, rapidly and thoroughly m xed with a spatula on a

glass plate, and then returned either to its original container
or to another container (in the case of sanples that conme in
tubes). This guide is not intended to be all-enconpassing but to
make the anal yst aware of nornmal procedures used for sanpling.

It is inperative that the anal yst obtain a honbgeneous and
representative portion of sanple for analysis. Many tines
erratic or erroneous results can be traced to faulty preparation
of the sanmple for analysis.

STANDARDS

Drying. If a USP nethod is used, the nonograph specifies the
drying method. (NOTE--In the case of USP Reference Standards,
the bottle |abel contains the nethod to be used for drying).
However, sonetines the nmethods are changed, and these changes are
noted in the USP Supplenents. |If there is a difference

in instructions, those in the nonograph should be foll owed.
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Since many drug standards are costly or in short supply, only the
guantity needed for the analysis should be dried. Sone standards
require el evated tenperatures; others are dried at room
tenperature over silica gel. The drying tinme may be specified or
the instructions may specify drying to constant weight. Al

dri ed standards should be kept in a desiccator until the analysis
has been conpl et ed.

Wei ghi ng. \Wenever a secondary standard (previously anal yzed
bul k sanple) is available, it should be used. The secondary
standard shoul d be eval uated before use. See section 7 of the
GLP manual for nore information on handling standards. Cauti on:
A check analysis requires the use of the USP standard. Standards
conme in concentrated form (in nost cases, 100% of active
ingredient) and are usually fine powders or crystalline
materials. After drying, such sanples will be subject to static
el ectricity and nmay have a tendency to junp around when handl ed
with a spatula tip. The static electricity may be di scharged
with anti-static guns, which are avail able at sone of the bal ance
t abl es.

Caution: A DUST MASK SHOULD BE WORN TO PREVENT BREATHI NG ANY
DUST!

When possible, quantities of 25 ng or nore should be wei ghed on a
four-place anal ytical balance. Quantities less than 25 ng (e.qg.,
10 ng or less), should be weighed on a semmcro or mcro

bal ance. Weighing by difference is the technique nost often
used. Quantitative transfer is also acceptable.

Di ssolving. The weighed sanple is placed in a volunetric flask
and the specified solvent is added until the flask is
approximately half-filled. The flask nay be put on a shaking
machi ne or nmay be sonicated until the sanple has dissolved. The
flask and contents are allowed to come to roomtenperature

and diluted to the correct volunme. |If further dilutions are
requi red, they nmust be done quantitatively. For HPLC anal ysis,
di ssolving and diluting with the nobile phase is preferable.
However, with drugs that nust be dissolved in another solvent to
prevent degradation or hydrolysis, all dilutions are nade with

t he recommended solvent. It should be kept in mnd that the

di ssol ving sol vent nust be conpatible with the nobil e phase and
not cause any buffering agents to precipitate out during the
HPLC run. Also, with drugs that are slightly soluble in the
nobi | e phase, care nust be taken not to inject too

| arge an amount of the drug so that it precipitates out in the
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colum. The solution to be assayed is filtered through a
menbrane filter of no greater than 0.5 nmm porosity.
Concentrations of standard and sanple active ingredient should be

kept nearly the sane so that areas or absorbances w |l be
conpar abl e.
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ANALYTI CAL WEI GHI NG
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ANALYTI CAL WVEI GHI NG

Al'l chem sts have weighed materials in the |aboratory and
recogni zed the inportance of the operation. The primary goal in
all weighing is to be accurate because unless it is done

correctly, the analytical results will be meaningl ess. Thi s
training nodule is ained at pointing out sone basic operations
which will inprove the accuracy of the neasurenent. Modern

bal ances are electronic with digital readout. These bal ances
produce fast and reliable results when properly handl ed and cared
for. Good Laboratory Practices are the rule in all weighings.

ACCURACY | N VEI GHI NG

The validity of any anal ysis depends on an accurately wei ghed
sanple. Three types of balances are currently used for drug
anal ysis, nanely, mcro, semmcro, and analytical. The

sem mcro and anal yti cal bal ances can be conbined into a single
i nstrument by changi ng the bal ance sensitivity. The anal yti cal
bal ance wei ghs gram quantities to four places, the sem mcro
bal ance weighs to five places, and the mcro bal ance weighs to
six places. The anount of sanple required and the bal ance
capacity needed determ ne the type of bal ance used. Since al
el ectroni c bal ances read the weight directly, the analyst is
likely to becone conplacent and assune that all readings are
correct at all times. NOI SO

El ectroni ¢ bal ances depend upon a force to conpensate the mnass;
this force depends in turn on |ocation and environnent. The
bal ance nust be placed on a vibration-free table located in a
tenperature-stable roomfree fromdrafts and corrosive vapors.
Bal ances of the electronic type nmust be calibrated. Laboratory
bal ances are usually calibrated by a bal ance service technician
but these services may be perfornmed at wide intervals. A
calibration check should be done at frequent intervals. The

| aboratory should have a set of calibrated weights so that the
anal yst can easily check the calibration. THE CHECK SHOULD BE
MADE W TH CALI BRATED WEI GHTS. A cal i brated 100 ng wei ght can
serve as a very useful check on the bal ance and gi ve confi dence
in the bal ance readout.
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The area around the bal ance shoul d al ways be kept clean. Spills
shoul d be avoided, but if a spill occurs, it should be cleaned up
i medi ately. Al weighing vessels, handling tools, flasks,

bottl es, or anything el se used around the bal ance nmust be cl ean
and dry.

Wei ghi ngs are done by difference to mnimze errors. The wei ght
of the tare is subtracted fromthe conbined weight of the tare
plus the sanple. Electronic balances are equipped with a zero
tare feature which allows setting the tare at zero so that only
the wei ght of the sanple is displayed. Several precautions can

i nprove your accuracy, as follows:

1. Turn on the balance and allowit to warmup. |If the
bal ance has been turned off for a tine, allowit to stabilize at
| east 60 mi nutes before making any nmeasurenent. Better still,
| eave the bal ance turned on pernmanently.

2. Brush any dust and dirt fromthe bal ance pan before and
after any wei ghing. Check that the weighing chanber is clean.

3. Select a container as small as possible to hold the
sanple. Since the balance to be used depends upon the sanple
si ze and the bal ance capacity, do not exceed the capacity. Make
sure that all containers and handling tools are clean and dry.

4. Before naking any wei ghing, check the zero point and
adj ust accordingly. |If this is not done, a zero point error wll
be included in the sanple weight.

5. Keep the bal ance chanber closed at all tinmes except when
addi ng or renoving the objects to be weighed, as changes in
tenperature, humdity, or air currents will alter the reading.

6. Handle all tare containers or objects to be weighed with
ei ther tweezers or tongs. Handling with the fingers can change

the tenperature or | eave a grease snudge that will alter the
weight. |If it is necessary to handle the tare, use finger cots
or gl oves.

7. Make readings without delay. Allow only enough tinme for
the sanple to come to equilibriumand the display to stabilize.

8. Do not weigh any hot or cold objects, as the result wll

not be correct. Make sure that the tenperatures of the wei ghed
objects are at the tenperature of the bal ance.

14



9. Many sanples are finely divided powders which have been
dried; they may be subject to static electricity which causes the
particles to junmp or fly around. Before weighing, discharge the
static electricity with an antistatic gun. Be careful not to
i nhal e the powders. Wear a suitable mask whil e handling
materials of this nature. Static will be a probl em when the
hum dity goes bel ow 30% RH.

10. Al sanples will be affected by surface noisture; the
anount will depend on the humdity of the |aboratory. Wigh the
sanpl e at ambi ent tenperature

11. Volatile liquids are subject to evaporation. Wigh
vol atile materials in closed containers with the cap tightly
seal ed. Wi gh hygroscopic materials in seal ed, capped bottles to
prevent water take-up

12. Renove all itenms used around the bal ance area and cl ean
up any debris. Always |eave the bal ance area CLEAN Keep the
bal ance door closed at all tines except when addi ng or renoving
sanpl e.

15
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HPLC TRAI NI NG MODULE

Hi gh-performance |iquid chromatography is well-suited to the

anal ysis of drugs and drug preparations because it can provide
fast, precise, and accurate results for a wide variety of organic
materials. HPLC is used for the analysis of a |arge fraction of
the drug sanples handled by FDA, and it is |ikely that your work

in the |aboratory will require this analytical technique. This
training aid is intended to help you quickly to acquire the
skills that you will need to carry out anal yses by HPLC

TRAI NI NG COURSES

The FDA has available training materials which can help you to
| earn or review the essentials of quantitative HPLC anal ysi s.
Even if your previous education and experience include sone
background in this technique, you may find it profitable to spend
sonme time with witten, audio, and visual instructional
materials. Belowis sumrarized the contents of tape-slide
courses which are available for this purpose. You can tailor
your instruction to your needs by view ng those courses or
portions thereof which are necessary. Each course nodul e takes
about one hour to view. Spend as nuch tinme as necessary with
each course, until you thoroughly understand the principles of
t he techni que.

SAVANT Tape-Slide Course 1, "Principles of H gh Perfornmance
Li qui d Chr omat ogr aphy"
I ntroduction or review of chronmatography, especially liquid
chr omat ogr aphy
(LC) Definition of chromatography and special terns
Advantages and limtations of HPLC
Basi c i nstrunentation
Maj or colum types
Judging the quality of chromatograns

SAVANT Tape-Slide Course 4, "Qualitative and Quantitati ve HPLC"
Qualitative HPLC
I dentification of conponents by retention tinme, "spiking"
I dentification by spectroscopy (W, M, IR NW, etc.) of
el uents
Quantitative HPLC
Peak hei ghts
Peak areas
" Spi ki ng"
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Preci sion and accuracy

Sanpl i ng

Sanpl e preparation

Chr omat ogr aphy

| nt egration-- manual and aut omat ed
Cal cul ation

Cal cul ati on Met hods
Si npl e normal i zation (assunmes sane detector efficiency)
Corrected area nornalization
Ext ernal standards
| nt ernal standards
St andard addi tions

( SAVANT Tape-Slide Course 2, "HPLC Instrunentation”, Course 3,
"Col um Sel ection in H gh Pressure Liquid Chromatography”, and
Course 5, "Troubl eshooting in Liquid Chromatography” are not
recommended for begi nning anal ysts.)
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PREAMBLE TO LABORATORY PRACTI CES

Even nore than nost nethods of anal ytical chemstry, HPLC

anal ysis requires thoughtful pre-planning if |aboratory tine is
to be used efficiently to produce precise and accurate results.
Careful planning of the analysis will also reward the anal yst by
elimnating wasted effort and frustration. Some inportant

el enents in HPLC planni ng are:

1. If the sanple or the standard to be anal yzed requires
treatment (such as drying) before the analysis is begun, this
procedure can be started and continued while other preparations
for the anal ysis are underway.

Anal yses of sone sanples require several hours drying, so
pl an accordi ngly.

2. If the procedure to be used requires changing the nobile
phase, or if the colum to be used was stored with a sol vent
i nconpatible (immscible) with the nobile phase you intend to
use, it will be necessary to purge the colum and the detector by
flushing themw th an internedi ate solvent, mscible in both the
new and ol d nobil e phases, then the new nobile phase. If you are
changi ng nobi |l e phases, the whole systemw |l need to be flushed
and filled wwth the new nobile phase. |f you are unsure about
the conpatibility of solvents, a sinple test of their mscibility
in a test tube is advised.

3. It is inportant that the nobile phase be filtered and
degassed before it is introduced into the apparatus. These
operations are normally acconplished sinmultaneously by filtration
through a glass-frit funnel having a porosity of 0.45 nm coupl ed
to a vacuum punp and filter fl ask.

4. It is wise to prepare enough of the nobile phase so that,
even if sone unanticipated problens arise, it is unlikely that it

will be necessary to prepare an additional batch of m xed,
filtered, and degassed solvents. For npbst anal yses, one to two
liters will be sufficient.Mst drug anal yses require the use of

buffer or salt solutions in the nobile phase. RINSE QUT THE
COVWLETE SYSTEM W TH WATER FOR AT LEAST 1 HOUR WHEN SHUTTI NG DOAN
THE OPERATI ON FOR OVERNI GHT. For | onger storage, the instrunent
and the Waters Intelligent Sanple Processor (WSP) nust be
cleaned with water and water/al cohol m xture. Make sure that the
wat er wash is done first because the organic solvent may
precipitate any salt.

19



PRACTI CE ANALYSI S

Bef ore begi nning the | aboratory exercise bel ow, you should have
devel oped the volunetric and gravinetric skills typically
required in the preparation of a sanple and of nobile phases for
HPLC. |If you are not confident that your skills in these

t echni ques are adequate, you should stop here and review or |earn
af resh those procedures, because one cannot expect to obtain
accurate results froman instrunmental nmethod unless the
guantitative techniques used for sanple preparation are of
comensurate quality.

Many FDA sanples are anal yzed by nethods in the United States
Phar macopoeia (USP). A USP nethod which is representative of
HPLC analysis is the assay of aspirin tablets (USP XXI'l, page
113). The purpose of the procedure is to determ ne the anount of
active ingredient in aspirin tablets and to ascertain the
concentration of free salicylic acid, a deconposition(hydrolysis)
product. You should performthe anal ysis under the supervision
of an experienced chem st. This analysis is known as a
rever se- phase separation under isocratic flow since the nobile
phase is polar, the stationary phase is nonpolar and the flowis
constant. The separation type is BPL or bonded phase |iquid
chromat ograpy. This type of separation is nade on the basis of
differences in the polarity of the conpounds. The nore pol ar
conmpounds elute first.

Al'l of your work nust be recorded on a standard wor ksheet, | ust
as if this analysis were not just a practice exercise. See the
Trai ni ng Modul e on Wor ksheet s.

GETTI NG STARTED
PRELI M NARI ES TO GETTI NG STARTED

Every two nonths, a list of current USP reference standards is
publ i shed i n Pharmacopoei al Forum Consult the nost recent |ist
to determi ne the appropriate standards for aspirin and salicylic
acid. Dry both standards over silica gel for five hours. Dry
only the quantity needed as follows: Roughly weigh out the
guantity of standard needed for analysis fromthe USP Reference
Standard bottle into a closable container. Return the USP

Ref erence Standard bottle to stock. The time of drying is a

m ni mum so additional drying will not harmthe drugs. Both
standards could be dried overnight in a desiccator over silica
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gel to expedite the analysis. Keep the STANDARDS in a desiccator
until the anal ysis has been conpl et ed.

PREPARATI ON OF MOBI LE PHASE AND DI LUTI NG SOLVENT
Start with making up the nobile phase and the Diluting Sol vent.
MOBI LE PHASE

Prepare the nobile phase for this analysis by dissolving 2 g of
sodi um 1- hept anesul fonate in 850 nL of water and 150 nlL of
acetonitrile. (NOTE--the volunes can be neasured in graduate
cylinders and the volunmes are neasured separately and not
additively). After m xing thoroughly, adjust the pHto 3.4 with
gl acial acetic acid. Adjust the pH as follows: Pour the water
solution into beaker and stir with a magnetic stirring bar.
Follow the pHwith a reliable pH neter. NOTE--Al ways calibrate
the pH neter before maki ng any nmeasurenment on the nobile phase.
Calibration is made by using standard pH buffers especially in
the pH range that you are interested in. Adjust the neter to
read the pH of the standard buffer, then the nmeter is ready for
t he neasurenent of the nobile phase. Carefully and slowy add
the acid by neans of a di sposabl e pipette equipped with a snal
rubber bulb. Do not add too nuch acid. Vacuumfilter the
solution through a 0.45 mm nenbrane filter on a sintered-gl ass
support to renove any dirt and to degas. The filter system
consists of a vacuumflask and a sintered-glass filter funnel.
The vacuumis applied by nmeans of a punp. Prepare sufficient
guantity of nobile phase to conplete the anal ysis; however,

if you shut down the instrunent overnight and still have nobile
phase left for additional runs, you nust sonicate the nobile
phase to renove any dissolved air. Your final run will require

at least 800 nL to conplete the anal ysis.
DI LUTI NG SOLVENT

Prepare 1 L of "Diluting Solvent”, consisting of a m xture of
acetonitrile and formc acid in the ratio 99: 1.

| NSTRUVENT SETUP
It is necessary to set up the instrument conditions before
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actually preparing the sanples for analysis because sone drugs
may be unstable if allowed to stand around for any extended
period (aspirin fits this behavior). The chromatographi c anal ysis
is perfornmed using an HPLC i nstrunment which includes a colum,
punp, injector, recorder, and a UV detector set at a wavel ength
of 280 nm The colum is 4.0 mmx 30 cm packed with packing L-1
(a C18, octadecyl silane chem cally bonded to porous silica or
ceramic particles 5 to 10 mcronmeters in diameter). Colum

di mensi ons should be: internal diameter, from3.9 to 4.0 nm and
length, from25 to 30 cm Turn on the power to the WSP, Data
Modul e, and UV detector and allow 20 to 30 mnutes for the
instruments to warmup. Attach a filter to one end of a piece

of supply tube, place the filter in the nobile phase, and attach
the other end of the tube to the inlet supply of the punp. Prine
the punp with the nobile phase and punp at 2 nL per min. to clear
the system of any residual solvents. Continue the punping until
you have established uniformflow by observing the output to be
steady and w thout pulsing. The flow and pul sing can be observed
by directing the flowinto a beaker. A check on the punp out put
can be nmeasured at this time by collecting the liquid in a
graduate cylinder in a fixed time. Shut off the punp and connect
the colum to the output of the WSP and to the input of the
detector with the flowin the direction as marked

on the col um.

NOTE --The specific instrunent settings described here apply only
to instrunments using a Waters Data Mbdule and WSP. Wth

di fferent equi pnment you would set the paraneters to achieve the
sanme HPLC conditi ons.

The col um nust be conditioned and equilibrium established
bef ore nmaking any solutions. Set the pressure cutoff on the punp
to a val ue bel ow the nmaxi mum pressure recomended for your
colum. Set the flowat 0.2 nL per mn; turn the punp on again
and gradually increase the flow until you reach 2 mL per m nute.
Wat ch the pressure on the columm and nake sure that the pressure
does not exceed that reconmended by the supplier. Set the
response of the UV detector to 0.1 aufs (absorbance units ful
scal e) and nonitor the output on the Data Module. The flow and
the response are nonitored on the Data Mbdule with the paraneter
03 set at 1 for continuous recording (1= continuous recordi ng and
0 = recording only during HPLC run). Continue the flow until you
get a good base line -- one with zero slope and no noise. Wtch
the pressure on the colum and observe if the pressure remnains
constant. Begin now to establish conditions for the anal yses.

Al ow the instrunment to continue running while you prepare the
sol utions, but you may want to cut back the flow to conserve the
nobi | e phase, for exanple, 0.5 nL per m nute.
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| NSTRUVENT CONDI TI ONS

Prepare a solution for making prelimnary neasurenents to
establish instrunent conditions, reproducibility and suitability
of the chromat ographi c system These conditions can be established
with a solution of a "Secondary Standard" of aspirin and
salicylic acid prepared as descri bed under STANDARD SALI CYLIC
ACI D PREPARATION. Filter this solution as follows: Select a

0. 45-mm nenbrane filter that won't dissolve in your solvent (see
NOTE below). Place the filter in a Sw nnex adapter. Draw about
5 nmL of the solution into the syringe. Attach the filter adapter
to the syringe. Push about 1 nL of solution through the syringe
and discard the filtrate. D scharge the remaining solution
through the filter into a WSP vi al

NOTE- - HPLC for drug anal yses nostly requires use of m xed
organi ¢ and aqueous sol vents, but sonetinmes pure organic solvents
are used. To be sure that the solvent and filter are conpati bl e,
use the foll ow ng guide:

Filter type Compatibility
Nyl on Used with nost organi c or aqueous
sol vents
Tefl on Used with organic solvents only. The

nylon filters are recomended since drug anal yses use nostly
organi ¢ /aqueous solvent m xtures. Do not use filters made of
cellul ose esters since they m ght dissolve.

Use the default settings of the WSP and Data Module with the
exception of RUN TIME which is set at 20 mnutes for the first
scouting run and set for a single injection. Reset the flow on
the punp gradually to the original 2 nL per min. Alowtinme for
the systemto give a noiseless, drift-free baseline. Start the
run by pressing the RUN switch. Qbserve the chronmat ogram and
make adjustnments to obtain a suitable chromatogram You w ||
need to change chart speed, RUN TIME, sensitivity of the
detector, and volume of injection. The volunme of injection and
the sensitivities of the detector determ ne the height of the
peak. Higher injection volunme will raise the peak hei ght but
raising the setting on the UV detector, i.e., going fromO.1 auf
to 0.2 auf, will |lower the response. Reset the injection volune
and/or the UV sensitivity to alter the peak height so that it is
suitably displayed on the chart. Then set the run tinme on the
W SP corresponding to 2 mnutes greater than the tinme when the
chromatogramreturns to the base line. Set in any new paraneters
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on the Data Mdul e using the instructions found in the Data
Modul e Manual . Make anot her injection and observe the
chromatogram Continue nmaking additional injections to optim ze
the curves and integration. The Data Moddul e Manual gives a clear
description of the steps necessary to achieve proper integration
(you may alter the integration by changi ng paraneters 22 (noise
rejection) and 23 (area rejection) on the Data Mdul e).

Optim zation of the separation and integration conditions should
produce a chromat ogram whi ch should be simlar to the figure in
Addendum D. Slight differences may exi st between your curves and

the one illustrated because of differences in all paraneters.

You will observe peaks due to difference between the solvents in
t he nobi |l e phase and the solvents in your injected solutions, and
due to the conpounds; you will observe narrow or up and down tick

mar ks due to integration. A blank space is observed in the

m ddl e of the down side of the peak when proper integration is
achieved. The integration will not be correct if the blank space
appears anywhere el se on the chromatogram After establishing

t he opti mnum condi ti ons, chromatograph at |east six injections of
the prelimnary solution. Discard the first run and use the next
5 runs for the calculations. The procedure for calculations is
found in Addendum C. Make cal culations for tailing factor,

resol ution, relative standard deviation, relative retention tine,
and plate count. The acceptable values for each of these are
listed with the respective equations.

ANALYSI S OF SAMPLES

The opti num paranmeters have been established and now you are
ready to begin analysis of sanples. The sanples will be run
under the sanme conditions, so keep everything running while you
prepare the sanpl es.

ANALYSI S FOR ASPI RIN AND SALI CYLI C ACI D

USP XXI|, page 113 describes the analysis of aspirin by HPLC.

You should be famliar with this reference. Many drug sanpl es
hydrol yze after solutions are prepared, which could cause the
anal ytical results to change as a function of tinme. This is true
for the aspirin which partially hydrolyzes to salicylic acid. It
requires considerable time to conplete all runs because of the
many injections; therefore, careful planning is required to

m nim ze hydrolysis. READ OVER THE | NSTRUCTI ONS AND CHECK
ADDENDUM B TO SEE THE ORDER OF STEPS TO FOLLOW STANDARD ASPI RIN
PREPARATION  The "Standard Aspirin Preparation”is made by
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di ssolving an accurately wei ghed quantity of USP Aspirin

Ref erence Standard in sufficient Diluting solution to obtain a
sol ution having a known concentration of approximtely 0.5 ng/nL.
Accurately weigh 125 ng of USP Aspirin Reference Standard and

di ssolve in 250 nL of Diluting Solution. You will need a portion
of this solution for the salicylic acid anal ysis

as well as the assay.

STANDARD SALI CYLI C ACI D PREPARATI ON

obtain the current USP Salicylic Acid Reference Standard.
Accurately Wi gh approximately 15 ng and di ssolve in 100.0 nL of
the Aspirin Standard Preparation. Pipet 5.0 nL of this solution
into a 50-nmL volunetric flask, dilute to volune with the Standard
Aspirin Preparation, and mx. This dilution nmethod is used so
that a standard four-place anal ytical bal ance can be used and a
hi gh degree of accuracy maintained. You will now have a standard
solution of salicylic acid with a concentration of approximately
0. 015 ng/ niL.

SAMPLE PREPARATI ON

Run the sanple in duplicate by nmaki ng two separate wei ghi ngs and
sol utions. Accurately weigh 20 tablets, record the total weight
and cal cul ate the average tablet weight (ATW in ng). Gind
these 20 tablets to a fine powder and sieve the powder through a
60- mesh screen. (Regrind any particles retained on the sieve
until all material passes through). Thoroughly m x the powder.
Transfer an accurately wei ghed quantity equivalent to 100 ng of
aspirin to a suitable container. (NOTE--100 ng of sanmple wll
not be equivalent to 100 ng of aspirin because the final dosage
drug will have sonme excipients present). Add 20.0 nL of Diluting
Sol ution and sonicate for 15 mnutes. Centrifuge to settle any
undi ssol ved material. This solution will be termed the "Aspirin
Sock Solution”. Proceed immediately to the salicylic acid
determ nation. After conpleting the salicylic acid

determ nation, continue with the aspirin analysis on page 10.

SALI CYLI C ACI D DETERM NATI ON

Separately chromatograph the Stock Solution of Aspirin and the
Standard Salicylic Acid Solution using the conditions and
paraneters established in the prelimnary setup. Filter al

sol utions, using the Sw nnex adapter, into the vials of the WSP
Make three separate injections of Standard Salicylic Acid
Solution, then two separate injections of the Aspirin Stock
Solution, and finally two separate injections of the Standard
Salicylic Acid Solution. The first injection data are discarded.
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Average the results fromeach pair of injections. Calculation of
the percentage of salicylic acid in the aspirin tablets is
acconpl i shed as foll ows:

(Cs) X (5 m/50 m) X (20 mL /W Spl, ng) X (ATWDW X
(Au/ As) X 100 = %salicyclic acid in the aspirin tablet,
where Cs = concentration of Standard Salicylic Acid, ng/ 100 nL
ATW = average tablet weight, ng

DW = decl ared wei ght of drug per unit
Au = area under the HPLC peak for the sanple
As = area under the HPLC peak for the standard

The maxi mum al | owabl e percentage of salicylic acid for uncoated
tablets is 0.3%

When you inject the Aspirin Stock Solution, you will get a peak
for salicylic acid and the peak for the aspirin. The aspirin

peak will be very intense and may be off the chart. (The data
nmodule will integrate even though the peak is off chart). The
salicylic acid peak will be very small conpared to the

aspirin peak. (NOTE--1t is possible that no salicylic acid peak
will be seen in the assay sanpl e because of no detectable
guantity). The response for the aspirin is ignored in the
calculation for the salicylic acid. You will also notice an

extra peak soon after injection; this peak is due to the
di fference between the solvent in the injected solution and
the solvent in the nobile phase.

ASPI RI N ASSAY

Quantitatively dilute an accurately neasured vol une of the
Aspirin Stock Solution as follows: Pipette 10.0 nmL of the
Aspirin Stock Solution into a 100-nL volunetric flask. Add
Diluting Solution to correct volune and m x. The final solution
is known as the "Assay preparation”.

Make three separate injections of the Standard Aspirin
Preparation and the Assay Preparation; disregard the data from
the first injection. Mke tw separate injections of each of the
Assay Preparations. Record the chromatograns and neasure the
responses expressed as areas for the mpjor peak. Average the
areas obtained fromeach pair of injections. Calculate the
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percentage of aspirin (COH8O4) found in the tablet conpared to
t he decl ared anount.

(Cs) X (20 mbl/W Spl, ng) X (100 nm/10 nL) X (ATWDW X
(Au/ As) X 100 = % of drug in aspirin tablet

where Cs = concentration of the Standard Aspirin, ng/100 nL
ATW = average tabl et wei ght

DW = decl ared weight of drug in aspirin tabl et
Au = area of sanple under HPLC peak
As = area of standard under HPLC peak.

For Aspirin Tablets, the allowabl e percentage of the | abeled
anount per tablet is 95 to 105%

O her Trai ni ng Modul es

O her nmodules that will aid the chronmatographer are:
Care and Storage of Col ums

Sanpl e Preparation

Good Laboratory Practices and Safety

Record Keepi ng

Tr oubl eshooting in HPLC

Quantitative HPLC

Mobi | e Phase Preparation

NogRrwONE

ADDENDUM A
| nj ection of solutions

Al'l sanples must be filtered to renove dust or other particles
before injection to renove anything which m ght plug or damage
the colums. The filtering is done as previously described for
the trial run. Solutions are injected onto the columm by one of
two net hods dependi ng upon the instrunentation. The nethods are:
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(1) Manual injection
(2) Automatic injection

Manual | njection

Load the solution by nmeans of a syringe having a needle of the
correct size for the injector assenbly. Draw excess solution
into the syringe, renove bubbles and set syringe to the desired
injection volune. Switch the valve indicator to the "LOAD"
position. Insert the |oaded syringe into an injector valve
assenbly having a fixed-volunme | oop. Push the syringe to force
the solution into the injector |oop. Make sure that the loop is
| oaded by observing an outflow of solution. Swtch the valve
manual |y to the "I NJECT" position to make the injection. The
valve remains in the "I NJECT" position at all tines except during
the short tinme period required for |oading.

Automatic Injection

The nost common injection systemw ||l be the automatic type. The
automatic injection systemuses a carriage in which nmultiple
sanple vials can be placed in position for the analysis. Load
the vials with standard solutions and with filtered sanple
solutions. Each vial will contain approximately 4 nL. The
volune to be injected is set on the instrunment keyboard, as is

t he nunber of injections fromeach sanple. The autonmatic system
al |l ows reproduci bl e volunes to be injected.

Par anet ers needed for the automatic system

1. Volune for each injection.

2. Set the run tinme for each solution. Set the run tinme
| ong enough to permit the curve to return conpletely to the base
l'ine.

3. Nunber of injections for the solution in each vial.

4. Delay tinme between runs.

NOTE Al runs can be made with the sane conditions or you
can set up different conditions for each sanple. All runs in
this series require the sane conditions; therefore, only one
entry of paranmeters is required. Set SAMPLE NOto O (zero) to
achi eve sanme conditions for all solutions.
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ADDENDUM B

The foll owi ng steps should be followed for HPLC anal ysis of
aspirin and salicyclic acid:

1. Dry the standard or standards according to specified
nmet hod.

2. Prepare the nobil e phase
3. Prepare the "Diluting Sol ution"

4. Assenble the instrunment. Put in the proper colum and
start flow because the colum may be dirty and need to be
condi ti oned.

5. Set up of the instrunent: Set flow rate,wavel ength on WV
detector, and paranmeters on WSP and Data Module. Run m xture of
Salicylic Acid and Aspirin to establish optinmum conditions.

Cal cul ate resolution, relative standard deviation, and the plate
count for each conponent. Conditions should be optim zed before
proceeding with the actual anal yses.

6. Prepare a mxture of salicylic acid and aspirin in
approxi mately the same concentrati ons.

7. Prepare the "STANDARD SOLUTI ON of SALICYLIC ACID' with the
Diluting Sol vent.

8. Prepare the aspirin "STOCK SOLUTION' with Diluting
Sol vent .

9. Run the HPLC analysis for salicylic acid using the optinum
condi ti ons.

10. Prepare the "ASPI RIN ASSAY SOLUTI ON' by diluting "ASPI RI N
STOCK SOLUTI ON'.

11. Make up the Standard Aspirin Preparation with Diluting
Sol vent .

12. Run HPLC on the Aspirin Standard and the Assay
preparati on sanpl es.
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Dat a Recordi ng

Data are recorded either by a sinple mllivolt recorder or by a
conputing data nodul e. Peak areas are neasured and cal cul at ed
manual | y when the data are recorded on a mllivolt recorder.
Aut omati ¢ computing nodul es require entering several paraneters
for the cal cul ations, such as:

Chart speed

Vol une of injection

Nunber of injections per vial

Run time

Mode (LC or SEC)

Met hod of cal cul ation

O her paraneters
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ADDENDUM C

MATHEMATI CAL QUANTI TI ES NEEDED FOR HPLC

A. Tailing Factor
The tailing factor is calculated by the fornul a:
T=(W 05/ 2f)
where W= the width of the peak at 5% of the height;
f =the width fromthe | eading edge of the peak to the
vertical nmeasured fromthe peak.
A perfectly symmetrical peak has a tailing factor of 1.0. The

USP requires this value to be no greater than 2.0. The figure
illustrates how t he neasurenents are nade.

0.05h

peak maximumj

Asymmetrical Chromatographic Peak.

31



B. Relative Standard Devi ati on

The Rel ative Standard Devi ati on expressed as a percentage is:

- N _
Sr(%)=(100/X)[J(X3-X)¥N-1]0-5

where Xi is the area of the sanple peak i and X is the average of
the areas of peaks i through Nin a series of Ninjections of the
sanme solution. Refer to USP section (621) on Chromatography for
di scussi on of cal cul ati ons.

The Rel ative Standard Deviation is not nore than 4. 0% for the

salicylic acid peak areas and not nore than 2.0% for the aspirin
peak areas.
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C. Resol ution

Resolution is a neasure of the separation of two peaks. It is
calculated fromthe widths and the retention tines of the two

peaks:
R=2(t2 - t1)/ (W + W)

where WL and W2 are the peak widths, t1 and t2 are the peak
retention tinmes, and Wand t nust have the same units (neasure
both with a ruler and express in nm. |f the chromatographic
paranmeters are proper, the resolution should be

not less than 2.0. The figure shows how the resolution is

determ ned fromthe chromatogram
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D. Pl ate Count

Plate count is a nmeasure of the columm efficiency, and each
colum was supplied a plate count when the col unmm was shi pped.
Normal Iy, when a colum is received at DDA, the plate count is
checked by the manufacturer's and DDA s nmethods. These val ues
are recorded, and any future neasurenent indicates the colum's
condition. The operator checks these values fromtine totinme to
verify the columm conditions. The actual value is not inportant
as long as you are getting a good separation of the conponents.
The equation for plate count is expressed as:

n=16(t/ W2
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where t and Wnust be expressed in the same units such as mm
(these neasurenents are made with a ruler directly on the
chromatogram. The retention tines and shapes of your peaks

m ght vary slightly due to different colums, chart speeds, and
other factors. The plate count should be greater

than 500 plates if the separation is to be suitable.

E. Rel ati ve Retention Time

The Rel ative Retention Tine is the ratio of the retention time
for one conponent to the retention tine for the second conponent
as R=t1/t2

The Rel ative Retention Time for Salicylic Acid is 0.7 referenced
to Aspirin.
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ADDENDUM D
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Peak at 7.11 = aspirin
Peak at 5.28 = salicylic acid

O her peaks due to sol vent front
Space at mddl e of down side of

| ar ge peak

will give the best integration
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PREPARATI ON CF MOBI LE PHASE FOR HPLC

Handl i ng of solvents, solid chem cals, and drugs nust be done
with care and cleanliness. Consider all materials to be toxic.
Good | aboratory practices require careful handling and the use of
a hood when one m xes organic solvents, such as nethanol and
acetonitrile. Safety glasses nmust be worn at all tinmes; rubber
gl oves nmust al so be worn because the materials could cause skin
irritation. Buffer solutions are to be considered as skin
irritants; if they contact your skin, you should wash the
affected area with copi ous anmounts of water.

Prepare all solutions in clean and dry gl assware. The organic
sol vents must e spectoscopic grade or equival ent (inpure solvents
wi |l damage the colum). Water mnust be distilled or purified by
sui tabl e i on-exchange and filtering system DO NOT USE WATER
THAT HAS BEEN ONLY DEI ONI ZED BECAUSE | T CONTAI NS ORGANI CS WHI CH
W LL DAMAGE THE COLUWNS

1. Solvents. The USP net hods specify the nobile phase, which may
contain buffers or nodifiers. The solutions should be made in
sufficient volunme for the analysis. Determne the quantity
needed. For exanple, at a flowrate of 2 nL/mn, one liter (1 L)
will be required for approxinmately 8 hours. Make sufficient
solution to allow conpletion of the run with sone left in
reserve. Avoid the use of different batches of nobile phases for
a single analysis. Most nobile phases used in reverse-phase
liquid chromat ography contain water m xed with either methanol or
acetonitrile. Some nobile phases nmay require addition of other
conmpounds to control ionization. Add the solvents in proper
proportion to a graduated cylinder of suitable size (e.g., 1 1L)
and thoroughly mx. Add the nodifier in the proper anmount when
required.

2. pH Adjustnent. The USP specifies neasuring the pH on the

m xed solution, so you will be neasuring the apparent pH  Adj ust
the pHto the specified pH by carefully adding the appropriate
acid or base. Pour the mxture into a beaker larger than the
solution volunme and stir with a Tefl on-coated nmagnetic

stirrer. Use a pH neter that you have standardi zed with
certified pH buffer solutions. Adjust the pH of the nobile phase
by addi ng either base or acid as the case nay be (USP nethod w ||
specify the pH nodifier). Mke the additions carefully and
slow y; use a disposable pipette attached to a small rubber

bul b. USE CARE NOT TO OVERSHOOT THE DESI RED pH.
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3. Filtering and Degassing. Al nobile phases nust be filtered
and degassed before they are used in HPLC. Both are acconplished
by vacuumfiltration through an all-glass solvent-filtering
systemthat has a sintered-glass support for a nenbrane filter.
The nenbrane nmust be conpatible with the solvent system and have
a porosity no larger than 0.5 mm For exanpl e,

acetonitrile/water systens can be filtered through a Nyl on
menbrane. Pure organic solvents can be filtered using Teflon

menbranes. Sol vent that has been degassed will re-equilibrate
with air after 12 to 24 hours. |If the same solvent is to be used
the next day, it nust be degassed again. It is better to prepare

a fresh nobil e phase each day. Degassi ng can be done by pargi ng

wi th helium bubbling through the liquid. The gas is passed
gently through a sintered-glass filter so that a fine dispersion
of bubbl es of helium passes through the solvent during the entire
HPLC operation. The helium bubbl es sweep di ssolved air fromthe
nobi | e phase, and heliumitself has limted solubility.

Degassi ng can be done by heating the nobile phase to a
tenperature near its boiling point. The nost efficient nethod is
the sparging, but it is also the nost expensive

.4. Buffer Solutions. The USP lists the conpositions for making
standard buffers covering the pHrange of 1.2 to 10. Silica
supports and chem cally bonded silica (such as the colums used
in reverse- or nornal-phase HPLC) can be used in the pH range of
2 to 8 Use of the support with a nobile phase whose pHis
outside of this range will cause sone of the silica to dissolve
in the presence of strong acids or bases. The USP net hod
specifies the pH used to control the ionization of the drug.
Phosphate buffers are the nost conmonly used type for HPLC. Many
nmobi | e phases use buffer solutions along with the organic
portion. USP anal yses descri be preparation of buffer solutions
in ternms of the 'Apparent pH after the water and organi c phases
have been thoroughly m xed. Buffers of this type are made by
addi ng a wei ghed anobunt of salt to the m xture and adjusting the
pH by the addition of appropriate base or acid.

5. Gradient Solutions. Most drugs contain only one chem ca
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species; therefore, a gradient is not needed and isocratic
conditions can be used. Sone drugs can contain nore than one
conponent and nmay require a gradient to separate the conpounds if
they differ widely in polarity. A gradient system may be useful
in devel oping an isocratic system [Each solvent in a gradient is
handl ed as a single solvent. Each solvent nust be filtered and
degassed. The solvent m xtures nust be conpatible in al
concentrations and with no precipitation of the salt, if present.
To avoid the possibility of salt precipitation, DO NOT USE A 100%
ORGANI C PHASE in the gradient system Sonme gradients are forned
by m xing two sol vents, and others can be nade with up to 4
solvents. The solvents required for the gradient and the rate of
gradient formation will be specified.

QUANTI TATI VE HPLC ANALYSI S

In all HPLC anal yses you are interested in either qualitatively
or quantitatively determ ning what is the conposition of the
sanple. Drug analyses are primarily concerned with the
guantitative aspect since you are analyzing a known drug
conposition. There are sonme occasi ons when the identity of the
conmpound is not known or when no standards are available. The
final step in any HPLC anal ysis is exam nation of a chromat ogram
to determine the anount of materials present in the sanple. The
chromat ogram may be consi dered as the fingerprint of the sanple
contents. Interpretation of the results is nost inportant.

Savant Tape-Slide Course 4, "Qualitative and Quantitative
HPLC', has the follow ng outline covering both aspects.
Qualitative HPLC
| dentification of conponents by retention tine,
"spi ki ng"
I dentification by spectroscopy (W, M, IR NWR etc.)
Quantitative HPLC
Peak hei ghts
Peak areas
Spi ki ng
Preci sion and accuracy
Sanpl i ng
Sanpl e preparation
Chr omat ogr aphy
| nt egration--nmnual and aut onat ed
Cal cul ati on- - et hods
Si npl e normal i zation
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Corrected area nornalization
Ext ernal standards
| nt ernal standards
St andard addition

The Savant course covers all possible nmethods of cal cul ation,
rangi ng from manual to conputer integrated and cal cul ated. Since
manual cal cul ations are sel dom done, the discussion here wll
enphasi ze the digital electronic nmethod using areas under the
peaks in the chromatogram It is w se, however, to know

how t he conputer makes its cal culations of the data. Areas can
be neasured manual ly by triangulation, cutting and wei ghing, and
pl ani neter. Some neasurenents are possible using peak heights,
but this nethod does not consider any change in the chromatogram
due to peak spreading. As a result sone error is introduced.
Peak areas give better accuracy in nbost cases. The chem st nust
anal yze the chromat ogram and deternmine if the data | ook correct
or not.

SOURCES OF ERROR

Errors can occur in many places along the many steps, so be aware
where these errors occur and how to avoid the pitfalls. The
foll ow ng possible errors may be found in HPLC operations:

(1) Sanmpling--material not honbgeneous. |In all cases the sanple
nmust be representative.

(2) Sanple preparation. Sanples nust be prepared with the best
anal ytical procedures.

(3) Loss of sanple.

(4) Leaks in HPLC system

(5) Overlapping or undetected peaks.

(6) Detector errors.

(7) Recorder errors.

(8) Errors in base line correction.

Any one of the above errors or conbinations of these will result
in unreliable data.

There are two inportant properties in HPLC anal ysis, nanely:
Preci sion and Accuracy. Precision is a neasure of how
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reproduci bl e your data may be. Accuracy is the nmeasure of the
true value. You can have excellent precision but poor accuracy.
Precision is nmeasured as the standard devi ati on, which when
expressed as a percentage of the nmean is called relative standard
deviation. The standard deviation or relative standard devi ati on
gives you the spread in the data; both are neasures of the
repeatability of the nmeasurenent. One conponent of accuracy is
the linearity of instrunent response versus anount of drug;
injecting twice as nmuch of the drug should give tw ce the
response. A nmeasure of linearity is the correlation coefficient,
which is one of the results obtained froma "linear regression”
anal ysi s.

Measure the plate count and the resolution of the colum as
described in the HPLC Trai ning Module. Determine the retention
time of the nonretarded conponent, t, on your colum. This
retention tinme, in mnutes, nmultiplied by the flowrate, in
nm./ m nute, gives you the volune of liquid in the colum, also
called the "void volune" (the t, needs to be determ ned only
once, as it is independent of solvent). Nothing in the sanple
can elute before tine t,., The t, is determ ned by injecting sone
conmpound which is not retained. A dilute solution of NHANG3 in
wat er serves as a good neasure for t, in Cl8 col ums.

HPLC can only be used to nmeasure conpounds quantitatively after
calibration of the instrunent. The USP uses two general nmethods
to calibrate, nanmely, internal and external standards.

| NTERNAL STANDARDS

I nternal standards are used to conpensate for variations in
injection volune, flowrate, and tenperature. Internal standards
must fit certain properties as follows:

a. Substance nmust not be found in sanple.

b. Peak nust be well resolved fromthe sanple peak.

c. The standard nust be available in pure form

d. Gves a detector response in the sane range as that given
he sanpl e.

Devel op a calibration curve as foll ows:

Run a series of standard sol utions which contain known, different
anounts of pure drug and a constant anmount of internal standard.
From t he chronmat ogram of each standard sol ution cal cul ate the
ratio

Rs = (area of drug/area of internal standard).
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Plot Rs on the Y axis and concentration of pure drug on the X
axis. The slope of this plot, R= (Rs/anpbunt), is the response
factor.

EXTERNAL STANDARDS

The external standard is the sanme substance as that being assayed
in the sanple. The USP uses this nethod of calibration in nost
cases. The external standard nmust be pure or the conposition
known through prior analysis. Many tines the standard is costly
or in short supply so a secondary standard is used. The
concentration of the standard solution is kept near to that of
the sanple solution to avoid errors. The areas of the
correspondi ng peaks in the standard and the sanpl e chromat ograns
are conpared using sinple ratios. The External Standard nethod
reduces errors due to response, nature of sanple, variation in
concentrations, etc.

Devel op a calibration curve of the area versus concentration of
the external standard. Use the peak area on the Y axis and
concentration on the X axis. The slope of the plot is the
response factor. The anmount of the conponent in the sanple is
determined from the curve. Digital electronic integrators read
nunbers to 5 to 6 places. Do not report results to this nmany
significant figures because inherent errors in the neasurenents do
not warrant them Normally, one uses four significant figures in
the calculations and rounds off the reported result to three
significant figures.

There is another calibration nethod which can be used in some
cases where quantitative sanpling nay be a problem

STANDARD ADDI TI ON METHCD

Sonetinmes it may be necessary to determ ne the quantity of a
substance where sanpling is a problem A nethod known as
STANDARD ADDI TI ON or SPI KI NG can be used. In this nethod we

i nject several solutions. One of themcontains only the sanpl e,
but the rest contain sanple plus added known ampunts of standard.
Let the unknown anmpunt of drug in the sanple be represented by X
Let this amount be zero on the X axis. Add successive quantities
of the standard to the original to formX + W, X + W..... X +
W. Plot the areas versus wei ghts of standards added.
Extrapol ate back to zero area by a | east-squares fit of the data.
The negative intercept on the X axis will be the weight of the
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conmpound in the original sanple. The draw ng bel ow shows how
such a plot would | ook:

The attached curve froman actual HPLC analysis of a main
conponent and a trace substance found in aspirin show how the
results are calculated. 1In this case the inpurity is known and a
standard available. The inpurity can be reliably neasured.

Weight of compound 815 of 5td added
in X
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TRACE ANALYSI S

Many sanpl es that are analyzed by HPLC are not pure and require
determ nation of inpurities which may be present in |low | evels.
When the concentrations are |ow or the response factor is |ow,
the inmpurity may not show up clearly on the chromatogramused to

assay the sanple for the nmain conponent. |In other cases

the absorptivity of the inpurity may be high or the inpurity may
be present in large amount; if so, the chromatogramw || indicate
the presence of other substances. |If the inpurities elute at the
sanme point as the main substance, you cannot neasure the trace
material. |If the trace material and the main conpound are
separated, a quantitative nmeasurenment can be nade on both. 1In

order to measure the trace material it is usually necessary to
make two different concentrations of the sanple. A dilute
solution is nade for the assay of the mamin conponent and a
concentrated solution for the trace analysis. The concentration
for the trace analysis nmay be in the order of 10 tinmes greater
than the concentration used for assay of the nmain conponent.
When HPLC is run on the concentrated solution, the peak for the

mai n conponent will be off scale. Ilgnore the nmain peak and
neasure the area of the trace material. Mst tines the nature of
the inmpurity will not be known, so you assune that the response

to the inpurity is nearly equal to that of the principal
conponent. Carefully record all concentrations so that you can
cal cul ate the percentage of the trace in the original sanple.

DRAW NG BASELI NES

A baseline is generated during a run and represents the signal
with only the nobile phase going through the system \Wen the
baseline is linear with zero slope and the peak is clearly
defined, draw t he baseline by connecting the two points where the
peak begins and ends. When baselines drift then sone probl ens
ari se fromdeci ding where the actual baseline is. In nost
automati c systens, the anal yst can choose where to draw the
baseline. Wen there are overlapping curves, the conputer draws
a line perpendicular fromthe point of intersection to the base
resulting in error. The conputer normalizes all the areas and
reports the percentage of each conponent w thout regard to any
difference in response unless the programhas been told to adjust
on a response factor. To do this, nmeasure each conponent for
response. Most reliable data are obtained froma corrected
normal i zed curve.
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HPLC COLUWN CARE

The HPLC colum is the nost essential part of the system All
colums have a limted |life, and the proper care of the col umm
will determne the useful tinme. Chemsts |like to keep and

mai ntain their own colums because they know the history. There
are certain procedures which aid in keeping a colum in good
condi tion.

TYPES OF COLUWNS

The USP |ists colums according to the types of packing used in
drug analysis. The list can be separated into two general types,
namely: (1) nonpol ar packi ng for reverse-phase separations and
(2) polar packing for normal -phase separations. Mst drug

anal yses are done by reverse phase with coatings such as Cl18, (8,
or phenyl. For exanple, the nost widely used is a L1 packing,
whi ch has octadecyl silane chemcally bonded to porous silica or
ceram c mcroparticles whose dianeters are from5 to 10 nm The
L3 normal - phase col um packing is porous silica. The USP nethod
specifies the type and size of colum for each analysis. SELECT
THE CORRECT COLUMWN for your specific analysis.

I NI TI AL | NSPECTI ON OF COLUWN

Al'l HPLC columms cone prepacked with a solvent suitable for

| ong-term storage. Each columm is supplied with a neasured plate
count and nethod of testing. The colum should be tested
according to the instructions to determne initial quality and to
serve as a basis for checking colum performance. Such a check
is the only acceptable neans to determine if the colum neets
speci fications.

1. Connect the colum in the HPLC systemwith the flowin the
direction marked on the colum. Eventually the colum wll be
connected to the injector and the detector. Initially |eave the
out put of the columm di sconnected while you are changi ng
solvents. CAUTION. Columms are furnished with different types
of end fittings. Make sure that the fittings on the colum and
the HPLC instrunent are conpatible in order to nmake a | eak-free
connection. The critical factor is the distance between the
ferrule and the end of the tubing. Colums are connected and

di sconnected many tinmes over their lifetinmes, so each tine an
addi ti onal pressure nmust be applied to make a | eak-free seal.
Eventually the fittings will be damaged and nust be repl aced.

Uni versal plastic fittings conpatible with nost colums are

avai lable to permt seals to be nade with finger-tight pressure,
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which will increase the lifetime of the end fittings. Plastic
fittings made from PEEK( pol yether ether ketone) resin are
recommended. Such fittings are conpatible with nost HPLC

sol vents.

Col ums shoul d be handl ed carefully w thout mechani cal shocks or
vi brations and kept free of w de tenperature changes.

2. Start the flowat 0.2 nL/mn and gradually increase the flow.
Repl ace the original solvent with the desired solvent system
When changi ng solvents the flow nust always be | ow to avoi d any
sudden change in pressure. Wen the desired nobile phase is in
the colum and you have obtai ned a steady, noise-free baseline,
you are ready to check the col um performance.

3. Plate Count and Resolution. There are different ways to
measure plate count. Two ways of testing seemto used, nanely
(1) the tangent nethod and (2) the five sigm nmethod. The

met hods of cal cul ati on are shown bel ow

N o= (vp/w)2 TANGENT METHOD 4.4% of Hel
(Rag) (Ns55)

Vg = 16.63 mL
4o = 16(16.63/0.68)2
= 9569

5o = 25(16.63/1.44)2

—

= 3334

The tangent nethod assunes the peaks to be symetrical (e.g.,
gaussi an shaped) and uses the relation n = 16(t/W2, where t is
the retention time and Wis the width of the peak at the baseline
expressed in the same units. The sinplest and nobst accurate

nmet hod for neasuring plate count is to nmeasure the retention

time and width with a ruler and express both in terns of
mllinmeters. The USP uses the tangent nmethod for expressing

pl ate count.
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In the five-sigm nmethod, we assunme the peak is gaussian;
therefore, we could conpute a "standard deviation” (sigm) from
the distribution of the peak. |In practice, the conputation is
made nuch sinpler by assum ng that five standard deviations (five
signma) are enconpassed by the peak wi dth neasured at 4.4% of

the peak height. The plate count is expressed as n = 25(t/W 2.
The five sigma nethod gives val ues about one-third those of the
tangent nethod. This nmethod takes into account tailing in the
separation and gives a neasure of columm perfornmance. The nethod
is subject to error due to the position of nmeasuring the
basel i ne. Both nethods of cal culation can be made on the sane
retention peak. You should try both nmethods initially. Select
the USP nethod as the one to use, and record the val ues for
future reference.

4. Plate Count. Waters C18 Columms contain 70:30 m xture of
met hanol : wat er when shi pped. Replace this solvent with a 60: 40
acetonitrile:water mxture. Set the flowrate at 2 nL/mn and
inject a sanple containing uracil and acenaphthene. The uraci
is unretained and the acenaphthene will be retained for a
considerable time. The uracil will give a direct neasure of the
void volunme of the colum. The void volunme is used to estimate
t he vol une of solvent needed to clean or regenerate col ums.
Check value with supplier's value. The nethod and conpounds
listed in this paragraph are those suggested by Waters Associ ates
for nmeasuring plate count on their C18 col unms; when using
colums from ot her suppliers, follow their reconended mnet hods.
Anot her method for measuring plate counts and resolution is the
use of a standard m xture designed to fit the type of operations
normal ly in your |aboratory. A solution of the follow ng
conmpounds is used to establish colum characteristics for drug
anal ysis: 50 ng of p-hydroxybenzoic acid

200 nmg of propyl paraben (propyl ester of 4-hydroxybenzoic
aci d)

150 ng of ethyl paraben (ethyl ester of 4-hydroxybenzoic
aci d)

250 nmg of n-butyl p-am nobenzoate

Di ssol ve the conpounds in 25 nL of acetonitrile. Dlute 1
m. of this solution with 25 nL of 50% acetonitrile.

NOTE- - These wei ghts do not have to be exact as you are only

interested in a good response.

Prepare a nobil e phase consisting of 40:60 acetonitrile:water
nodi fied with 0.2% phosphoric acid. Set the flowrate at 2
m./mn. Set the UV detector at 254 nm Measure the void vol une
by injecting about 5 nL of a solution of NHANO3 in water (4
mg/m.). (The void volume will be essentially the sanme for
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all solvents).

5. Inject about 10 nL of the solution containing the four test
conpounds prepared earlier. Calculate the plate count and the
resolution fromthe chromat ogram Checks on plate count and
resol ution should be done at regular intervals or as a neans of
detecting col unm probl ens.

SOLVENTS AND SAMPLES

1. Solvents. Al organic solvents nust be distilled in glass and
spectroscopi ¢ grade or better. Inpure solvents will damage the
colum. Water nust be freshly distilled or purified by a
suitable systemthat includes filtration, deionization, and
charcoal treatment. DO NOT USE DEI ONI ZED WATER

because it contains organic materials which will danage the
colum. The pH nust be kept in the range of 2 to 8. Strong
acids or bases will cause sone dissolving of the support. Do not

use water alone as the nobile phase. Use a buffer to maintain a
pH of 7.

Filter and degas the nobile phase by vacuumfiltrati on before
punping it through the col um.

2. Sanples. |If sanples are dissolved in a liquid other than the
nmobi | e phase, the |iquids nmust be conpatible. Sanple solutions
must be free of any turbidity.

3. Guard Colum. A very short colum is placed at the entrance
to the analytical colum to protect it frominsolubles. The
guard colum contains the sanme type of packing naterial as the
mai n col um. The packing is replaced when the guard col um
becomes plugged. Disposable cartridge colums are

avai | abl e and are often used.
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CARE OF OPERATI NG COLUWN

1. Colum Flushing. Most nobile phases used in drug anal ysis
contain some formof salt as a buffer or ion nodifier. Salt of
any kind will danage the columms, punps, and detector if allowed
to remain in the system DO NOT LEAVE SALT OF ANY KIND I N THE
COLUW W TH NO FLOW FOR ANY PERI OD OF TI ME (such as overni ght or
weekends). The colum mnust be cl eaned of salt when flowis
stopped overnight or for |longer storage. Salts will cause
corrosion and reduce resolution. Wen salts are in the col um,
never go initially to 100% organi c phase as precipitation may
occur in the colum. Wsh out any salt with purified water, and
then go to other solvents. The follow ng steps outline the

pr ocedur e:

1. Flush with a solution simlar to the nobile phase but with
salts renoved (five colum vol unes).

2. Flush with organic solvent used in the nobile phase, for
exanpl e, 100% acetonitrile or nethanol (10-20 vol unes).

3. If step (2) is not adequate to renove salts, flush with 10 to
20 vol unmes of nethyl ene chlori de.

4. Flush with straight organic solvent (10 volunes) as in Step 2.
5. Flush w th nonbuffered phase.

6. Return to original nobile phase.

As a rule of thunmb, the standard 30-cm colum w Il have a void
vol une of approxinmately 3 nL, so 10 volunmes would be 30 nL. The
colum void volune that you determ ned while you were neasuring
the columm plate count and resolution is a better value to use.
The flow rate can be increased to reduce tine of flushing. Do
not increase the flow past the point at which the colum's upper
pressure limt is exceeded. The volunme is the key to successful
flushing. Do not increase flowto the point where colum
pressure limts are exceeded. Wen changing sol vents, always
start with low flow and gradually increase it.

Alternate to flushing. Keep continuous flow of the nobile phase
at 0.1 nL/mn overnight. Next day replace the solvent with
freshly nade and filtered nobile phase. Do not use the old
solvent as it will have reached equilibriumw th air and bubbl es
will formin the colum. |If it is necessary to use the old

sol vent, degas it again.

RULE OF THREE

A good rule to renenber is the "Rule O Three", which says that a
change of 10%in the nobile phase will alter the retention tine
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by a factor of three.
Use this as a neans of adjusting the nobile phase to get better
retention tines.

COLUWMN STORAGE

Short Term (overni ght or weekends). Flush colum free of salts
and store it loaded with a solution simlar to the nobile phase
bei ng used but with salts omtted. Equilibriumw Il be quickly
reached when you restart with the buffered nobile phase. Do not
store a colum filled with water alone. Alternatively, one could
store the columm filled with the organic/water m xture in which
the organic solvent is present at greater than 50% but | onger
times to reach equilibriumw Il be required on restarting.

Long Term Flush the columm free of all salts with 10 to 20
colum void volunes of pure water. Select a storage liquid: Use
the liquid recomended by the colum supplier (the original

shi pping solvent); if you do not know which sol vent the supplier
recommends, use a 70:30 m xture of methanol: water. Punp 10

col um vol unmes of storage liquid through the columm. Renove the
colum fromthe HPLC systemand tightly cap both ends to prevent
dryout.

COLUWN PROBLEMS
1. PRESSURE BU LDUP

The col umm conmes with a recomrendation for the maxi mum pressure
that is advisable for its operation. The pressure should be
noted when the colum is initially put in service. Pressure
buil dup is caused by accunul ati on of contam nants or insoluble
materials. Careful filtering of sanple solutions and nobil e
phases will prevent pressure buildup nost of the tine. Use of a
guard colum wi Il also aid. Most likely the buildup will be

| ocated at the entrance end of the colum. The easiest thing to
do is to reverse the flowin the colum. (Sone colums wll be
damaged by reverse flow, read the manufacturer's instructions
before reversing the flow). D sconnect the colum and reconnect
only to the punping system Do not pass the stream through the
detector. |If pressure has not been reduced when you retest the
colum, renove The end fitting at the colum entrance end and
check the stainless-steel frit. Either replace it with a new
frit or clean the old one by sonication in a dilute solution of
nitric acid.
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2. LOSS OF RESOLUTI ON

Loss of resolution of the peaks shows up as | ower plate count and
spreadi ng of the bands. Peak height will also be decreased.
Resolution loss is usually caused by buil dup of nonpol ar
conmpounds which are soluble in the silane phase of the packing.
Sanple precipitation will also cause resolution loss. |f at sone
time the pH was out of the range of 2 to 8, sonme of the packing
may have di ssolved, leaving a void at the colum end. Any of

t hese causes alter the resolution. Check the resolution you
originally obtained when you first installed the colum. |If the
cause is due to buildup of contam nants, the colunm can be
regenerated. Follow the procedure as outlined:1. Contam nants

wi th polar groups. Wash the colum with 25 nlL of pure water;
followw th 50 nL of nethanol. During the nethanol wash make
four or five 2-nlL injections of dinethylsulfoxide, using manual

i nj ection.

Contam nants with nonpol ar groups. Wash with 50 nlL of

nmet hanol, then 50 niL of methylene chloride, then 50 m n-heptane,
and return to polar solvents by washing with nethylene chloride
and then 50nL of nethanol. Before starting this procedure, clear
the colum of any salt. |If the regeneration was not effective,
repl ace the colum as soon as possi bl e.

The procedures outlined are applicable to C18 colums. O her

colums will have their own procedures for operation. Consult
the supplier's data on the particular colum. Proper care and
handling of colums will greatly extend their lifetinme and

per f or mance.
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HPLC TROUBLESHOOTI NG

HPLC is a widely used nethod for drug analysis, and the success
of an anal ysis depends upon proper functioning of all conponent
parts. Since the operation of HPLC depends upon nechani cal and
electronic parts, it is inportant to recogni ze when the instrunment
is not functioning properly and to locate and repair the
mal function. Certain synptons will |ocate the nmal function and | ead
to rapid diagnosis. The chem st can nake sone sinple repairs which
will keep the systemin operation with m ninumdelay. Most actions
described are classified as preventive naintenance and shoul d be
performed regul arly.

The Savant Trai ning course available at the FDA provi des useful

i nformati onon troubl eshooting in HPLC. Savant Tape-slide course
5 "Troubl e Shooting in HPLC', outlines problens that occur. The
course is presented in three parts as foll ows:

Part 1
Mal functions in Punp, Injector, Detector and Recorder.

Part 2
Mal functions in Col um.

Part 3
Det ecting Mal functions from Chromat ogram

Most problens in HPLC will be found in either the punp or the
colum and generally are flowrelated. A |arge nunber of
probl ens can be prevented or reduced by carefully filtering and
degassing the nobile phase after preparation. A filter should be
pl aced on the end of the supply line in the solvent reservoir.
Al'l sanples should be filtered through a nmenbrane filter
having a pore size no greater than 0.45 nm The anal yst needs to
recogni ze when the chromatogramis not correct and when the data
are reliable. Problens are of two kinds, namnely:

(1) Those that the chem st can correct with [ittle effort

(2) Those that require experienced service personnel for
ext ensi ve mai nt enance.

This training nodule will enphasize probl ens the anal yst can

correct with mnimumdowntine and will help the anal yst describe
ot her problens to the service departnent.
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COMVON PROBLEMS |N HPLC
PUVPI NG SYSTEM

(1) HIGH PRESSURE. High pressure will be experienced at sone
time in all HPLC operations. A buildup of inpurities on the
colum or filters will cause increased pressure. See the "HPLC
COLUWN CARE TRAI NI NG' nodul e for specifics on cleaning and
restoring colums, and cleaning of filters. Hi gh pressure wll
al so be observed at high flow rates or when changi ng sol vents
having different viscosities. For exanple, the nethanol/water
systemis notable in exhibiting higher pressures when the
concentration of nmethanol is increased. Refer back to the
pressure observed when the colum was first installed so you
know when a change in pressure has occurred. Reducing the flow
rate will lower the pressure, but will increase the retention
time. During the entire use of the columm, keep pressures within
the reconmmended limts. Set the punping systemto shut off
before the maxi mum pressure for the columm is reached.

Hi gh pressures can be caused by plugging in the punp, injector,
supply lines, colum, and detector. First determ ne the |ocation
of the bl ockage by worki ng backwards begi nning by di sconnecti ng
at the detector and continui ng backwards to the punp by renoving
one part at a tinme. The nost frequent bl ockage point will be
found at the entrance frit of the col um.

(2) NO PRESSURE. No punp pressure will be observed when the punp
cannot draw solvent on the inlet side, as m ght be caused by
plugging in the solvent inlet filter |ocated in the solvent
reservoir or a malfunction of the solvent draw off valve. The
sol vent draw off val ve and manifold can be checked in the sane
manner as primng the punp. |If the valves are not working, the
solvent fromthe syringe will flow back into the sol vent
reservoir with only a slight applied pressure. If either the
punp inlet or outlet valves of a single punp are stuck in any
position, pulsing floww Il result, causing the pressure to
fluctuate. Wen you have flow and still no pressure, then the
pressure transducer is the problemand will need to be repl aced.
NOTE- - The col um or some other formof flow resistance nust be
connected to the punp to detect pressure changes.

(3) FLUCTUATI NG PRESSURE. Fluctuating pressure will be observed
when one piston head is punping and the other not functioning.
Air bubbles entrapped in the valving systemw || cause one piston
head to not function, giving a cyclic pressure output. Try
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reprimng the punp with degassed nobil e phase; use a 10-nL
gas-tight hypoderm c syringe attached to the draw off val ve and
force liquid up into the outlet valves. Continue to apply the
pressure on the syringe while the punp is operating. |If the
pressure renmains erratic after several attenpts to prinme the
punp, disconnect the colum fromthe system Flush out the salt
solution with deionized and filtered water, then w th mnethanol,

and finally with isopropanol. Sonetinmes the punp outlet valves
stick because of accumulation of materials on the surfaces, and
i sopropanol will usually renove the inpurity. The whole system

can be cleaned with isopropanol at high flow rates (BE SURE THAT
THE COLUWN |I'S NOT CONNECTED AND THAT THE SYSTEM | S FREE OF SALT).
The punp will need to be prined each tine that it is restarted
after a prol onged downti ne.

(4) SOLVENT LEAKS. Leaks in any part of the HPLC systemw ||
cause erratic flow, and retention tinmes or areas will not be
correct. Al connections in the system nust be |eak free.
System | eaks are due to: 1. fittings not tight, 2. nonconpatible
fittings, and 3. danmaged or scored fittings. Make sure you

have the proper fittings that are conpatible with your system

| f you don't, you can never stop the |leak. Al connecting tubing
nmust be the proper size (0.009 inch ID) leading fromthe injector
to the detector. Try first tightening the fittings using the
proper sized open end wench. Do not use adjustable wenches to
tighten fittings. Over tightening can danage fittings and cause
|l eaks. If any fittings have been damaged, new fittings of the
same kind nust be install ed.

Leaks around the back of the piston indicate worn or defornmed
pl unger seal s and possi bl e plunger scoring which can be caused by
excessive wear or by salt deposits. Wen salts are deposited in

the punp the sapphire plunger will be scored or show excessive
wear. Regular flushing of the entire systembefore the HPLC is
put in stand-by node will prolong the life of the seals. The

seals in both punps are replaced by renoving the punp head. (If
you are not famliar with changing seals, contact the service
people or look in the service manual for directions to change
seals.) BE SURE TO DI SCONNECT THE COLUWN FROM THE SYSTEM BEFORE
STARTI NG ANY FLOW TO BREAK I N SEALS. Wen repl aci ng punp seal s,
it is a good idea to replace seals on both punps since both
probably have equal wear. Wen seals have been replaced, prine
the punp with nmethanol and start the punp flowat 0.2 nL/mn (DO
NOT START THE PUMP AT ANY HI GHER FLOW RATE). Gradually increase
the flowrate to break in the seals and continue until everything
runs snmoothly. Avoid the use of hal ogen-containing salts
whenever possible. [|f hal ogen conpounds cannot be avoi ded, the
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life tinme of the seals will be reduced and nore frequent
repl acenent will be required. Also, hal ogen conpounds can cause
corrosion of the 316 stainless steel in the system

DETECTI NG MALFUNCTI ONS FROM THE CHROVATOGRAM

Many of the common problenms in HPLC will show in the chronmat ogram
since the response will be dependent on the detector, columm, and
punp. You need to be able to recogni ze probl ens quickly.

Problens related to changes in the colum plate count and
resolution will show as change in the retention tinme, peak
spreading, or both. See the "Training Mdydule on Colum Care".

1. The sanples can al so change the shape of the chromatogram |f
sonme of the sanples contain materials which are strongly adsorbed
on the support, the curve will show tailing (curve changing from
gaussian to a distorted shape). C eaning or possible
regeneration of the colum is required.

2. If the | eading edge of the chromatogramrises slowy, the
colum coul d be overl oaded. Reduce the volunme of the injections
and/ or concentrati on.

3. Sonetimes a single peak will degenerate into a doubl e peak or
one with a shoulder. A dirty colum or inlet frit will cause
such behavi or.

4. Al peaks of the chromatogram are caused by sonme materi al
eluting fromthe colum and nust be considered. The chem st
needs to know when to accept or reject the data. Any peaks ot her
t han those expected fromthe injected conmpounds could be due to
sol vent, anions such as naleates, isonmers or artifacts. Repeat
the injection and exanmine the reproducibility. Inpurities wll
show up in the repeated chromatogram at the sanme retention tine
and magnitude. Artifacts arise from previously adsorbed

mat eri als, and the positions and hei ghts of the peaks occur at
random If the inpurity peaks are separated fromthe peak of
interest, such peaks can be ignored in the cal cul ations.
Complications arise when inpurities show up under the main peak
or as a shoul der or shoul ders on the peak of interest. Sone
change in the nobile phase nay be necessary to attenpt separation
of inmpurities fromthe principal conmponent. Unless the
inmpurities can be separated fromthe main conpounds, no

determ nation of inpurities can be made.

5. The baseline of the chromatogram nust also be linear with zero
sl ope. Sol vent changes, partially retained conpounds, or a dirty
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detector will cause the baseline to shift. Continue the flow
until a steady, noise-free baseline is established. Baseline
noi se can be caused by bubbl es, contam nants in bad sol vents,
contam nat ed colum, the detector cell, leaks in the system
erratic flow, or electrical problens related to the recording
system The HPLC anal ysis cannot be continued until a suitable
base |ine has been established. Never depend on the first
chromatogramin a run. Use this trace to adjust sensitivity,
flowrate, sanple size, or other paraneters needed to produce a
reliable chromatogram Replicate all sanples unless otherw se
i nstruct ed.

Many troubles in HPLC can be elimnated or reduced by fl ushing

the colum and instrunent with water and finally with the
nmet hanol /wat er m xture. See "HPLC COLUWN CARE" nodul e.
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SECTION | V

GAS- LI QUI D CHROVATOGRAPHY
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GAS CHROVATOGRAPHY TRAI NI NG MODULE

Gas chromatography (GC) is a tool well suited to certain types of
drug analyses. It provides a rapid analysis of a variety of
organic materials. The nmethod can be applied only to those
conmpounds that can be vaporized w thout degrading at the el evated
tenperatures required. Gas chronmatography is extrenely accurate
for neasuring | ow nol ecul ar wei ght conpounds and detecting
inmpurities at very low |l evels. Because of the instability of

or gani ¢ conpounds, the nethod is applicable to only about 15% of
the total nunber of conpounds. There are two criteria for any
sanple to be analyzed by GC, nanely:

(1) the sanple must be thermally stable and (2) the conmpound nust
have sufficient vapor pressure and nmust be capabl e of vapori zi ng.

Tr ai ni ng Cour ses

The FDA | aboratory has avail able materials which can help you

| earn or review the essentials of gas chronmatography. Even if
you have had prior experience with this technique, you may find
it profitable to spend sone tinme with witten, audio, and visual
instructional materials. Tailor your instruction to your
personal needs. Each course will take approximately 1

hour to view and study. Spend as nuch tinme as necessary.

SAVANT Tape-Slide Course #1, "Basic Principles of
GC-I nstrunment ati on
Conponent s*
Carrier gas supply and regul ator
Sanple inlet system
Colum in a controlled tenperature oven
Tenperature control |l ed detector
Recorder or data anal yzer
El ectronics for control
SAVANT Tape- Slide Course #2, "Trouble Shooting”
El ectronics
Appl i cation problens
Fl ow
Deconposi ti on of sanple

SAVANT Tape-Slide Course #3, "Qualitative and Quantitative

Anal ysis by GC'
Qualitative
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Quantitative
Sanpl e

Sanpl e preparation
Digital conversion
Cal cul ati ons

SAVANT Tape-Slide Course #4, "Capillary Colums"
Types of capillary colums

NOTE- - The portion of the Savant course on capillary colums
shoul d be postponed until after you have sone experience with GC
anal yses. Capillary columms are a neans of extending the
sensitivity of the anal ysis.
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PREAMBLE TO LABORATORY PRACTI CES

The GC operation requires that gas be handled in high pressure
cylinders, and that equi pnent be operated at el evated
tenperatures. Careful planning is required to ascertain the
operation and proper supply of gas. Al gas cylinders nust be
properly secured to the | aboratory bench with a suitable chain or
strap. Any novenent of gas cylinders fromthe storage area to
the instrunent nust be performed with a cylinder-handling cart.
Safety gl asses nust be worn at all tinmes and insul ated gl oves
nmust be available if hot surfaces are to be handled. You should
keep in mnd that many of the surfaces of the instrunent are
operating at elevated tenperatures, and can cause burns. The

i nstrument nust be cool ed before any changes in the heated areas
are attenpted. Also, the gas supplies nmust be shut off during
any changes invol ving opening gas |ines.

Many of the GC instrunments are equi pped with flane ionization
detectors that burn with a m xture of hydrogen and air. You
shoul d keep in mnd that hydrogen gas is very flanmabl e and

expl osive. Al connections nust be free of leaks; if any | eaks
are found, they nust be corrected i medi ately. The hydrogen
shoul d be left on only during the GC runs and not during extended
idle time.

Most drug anal yses specify the use of glass columms, which are
fragile. The colums are made to fit specific instrunments, so no
attenpt should be nade to force any colum to fit into the
system Care nust be used in handling to prevent breakage and
possi bl e personal injury.

Many of the anal yses require extended preparation of the sanple
or standard, such as drying and extraction. Standard sanpl es
shoul d be obtained fromthe | aboratory supply source and dried
according to directions supplied on the label. The dried

mat eri al should be stored in a desiccator until ready for use and
kept stored until the analysis is conpleted. Your analysis
shoul d be planned to include all the necessary preparations. Al
GC operations require el evated tenperatures; tine nust be all owed
for the instrument to come to equilibrium |In nmany cases, the
sanpl e can be prepared while the instrument is conmng to

equi librium
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| NTRODUCTI ON

Bef ore a gas chromat ography anal ysis can be nade, the conponents
nmust be assenbled. The instrunent itself contains the ovens,
detectors, and injectors. Instrunments are nade so that different
types of operations can be perfornmed by maki ng changes in
detectors, types of colums, and injectors. The USP net hod
specifies the type of colum, carrier gas, and detector to be
used. The recommended tenperature and flow rate are given. Wth
this information, the GC system can be arranged as specifi ed.

Most drug anal yses operate with the gas as the nobile phase and a
liquid as the stationary phase; therefore the type of separation
is knowmn as G.C (gas-liquid chromatography). Packed columms are
used for separations. The columms usually are glass tubing about
6 M OD by 1.8 meters (in English units, about 1/4 inch OD by 6
feet long), coiled to fit the specific instrunment. Columms with
this outside dianmeter are available in 2, 3, and 4 nrmID. The
colums are packed with an inert support coated with a
high-boiling liquid. The liquid coating used will depend upon
the polarity of the conpounds to be separated. The type of
colum specified by USP XXI1 shoul d be selected. Each GC

i nstrument manufacturer has a special geonetric configuration for
the colum; therefore the colum made for the instrunment nust be
used. (NOTE-- The jet to the detector nust be checked before the
colum is installed.) The jet must be suitable for a packed-type
colum. (See Addendum A under Operating Instructions for HP 5890A
GC.)

A ass colums are fragile and will break if strained. |In order
to avoi d breakage, the colum should be connected to the injector
and detector at the sanme tine with a torque wench. The gl ass
colum is connected to the netal fittings of the instrument by
means of a 1/4-inch nut and ferrule or Oring. A graphite
ferrule is preferred, as it will be suitable over a w de
tenperature range. Sone Hew ett-Packard instrunments are equi pped
to handle colum coils 9 inches in dianeter, while others use

6-inch coils. It is possible to use the 6-inch coil in
i nstrunments havi ng space for the 9-inch provided a suitable
adapter is used. You will not be able to use the 9-inch coil in

i nstruments designed for the 6-inch colum, however. Colum
connections are nade with a special torque wench to prevent too
much tightening, which can result in colum breakage.

Most GC i nstrunments have the capability for two detectors, and
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you nust choose the detector specified. The USP nethods use
flame ionization unless otherw se specified. The flane ionization
detector (FID) is specified in this training nodule. (Sone

met hods call for thermal conductivity or electron capture for

the detector.) Wen the FIDis used as the detector, the sanple
is burned in a flane froma m xture of hydrogen and air, converts
t he carbon conpounds to ions that are captured by a collector to
produce an electric signal proportional to the nunber of ions
formed. The FID systemis very sensitive, but cannot be used to
det ect pernmanent gases or water. Conpounds contai ning chlorides
or silicon can cause danage to the FID because of corrosive
conpounds formed and silica deposits. Continued use of such
conmpounds will require repair or replacenent of the detector.

The outlet fromthe colum isconnected to the FID

After making the colum connection to the proper detector and
injector, you are ready to arrange the gas supplies. The carrier
gas will be either purified nitrogen or helium FID has greater
sensitivity with nitrogen, but heliumis a good substitute. The
gas is connected to the injector of the instrunment through a
regul ated flow nmeter. The FID uses a m xture of hydrogen and air
for the flame; both gases are supplied through a carefully

regul ated system All |eaks nust be elimnated. After the gas
connections are nade, the system should be tested for |leaks with
a leak test fluid, such as "SNOOP", by brushing sonme of the
liquid around the connectors. (Also see Operating Instructions
for HP 5890A GC.) Bubbles will formif there are any | eaks.
After testing for |eaks, you should wash away the SNOOP so t hat

no deposit will be left. Carrier gas flow nmust be regul ated and
constant throughout the runs, if the retention tines are to be
meani ngful. The flow rate reconmended by the USP shoul d be

considered as a starting point; at the sanme tinme it should be
recogni zed that different colums could have different flows and
thus require sone adjustnment for maxi mumefficiency. The flow
shoul d be altered to achieve the best operation of the system

There are two or three injection techniques. In the nost common
type, the sanple is injected by a nethod known as "direct
addition to the colum”. In this nethod the cool liquid is

injected directly onto the head of the colum that sits inside
the injector oven. The sanple is vaporized and i medi ately
starts its path through the colum. This causes the peaks to be
sharper and reduces tailing. The sanple is drawn into a
mcroliter syringe to which a needle is attached (the needl e may
or may not have a valve to permt injection of gas sanples). The
injector contains a flexible rubber septum and the sanple is
injected onto the colum through the septum The septumis
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partially damaged each tinme an injection is nade, and nust be
repl aced before beginning a run. After the septum has been used
for several injections, leaks will devel op; the septum nust be
repl aced when this occurs. A bent or danaged needl e causes
excessive damage to the septum and should be replaced with a new
needl e having a sharp point and no ragged edges. GC can be run in
an isothermal condition, in which the tenperature remains
constant throughout the run, or by a tenperature gradient.
Tenperature gradients are used when the conponents have w dely
separated boiling points or different solubility behaviors in the
liquid phase (large difference in the polarity of the conpounds).
A gradient is achieved by setting an initial tenperature, a rate
of tenperature rise, and a final tenperature. Wen gradient
tenperatures are used, the instrunment nmust be allowed to return
tothe initial starting tenperature before the next sanple is
run. Systens operated by a controller or conputer wll
automatically adjust to the initial starting tenperature before

t he next sanple is injected.

Carrier gas flow is neasured by a gl ass-bubble flow neter or

an electronic neter. The gas is nmeasured as it exits fromthe
detector, before the detector is lighted. |If you are using a
bubble flow nmeter, a flexible rubber tube is connected between
the outlet of the detector and the flow neter. A bubble is
introduced into the glass flow neter by lightly squeezing an
attached small rubber bulb and forcing an air bubble froma soap
solution into the flow neter (a dilute soap solution will form

t he bubble). The glass tube has graduations with a | ower and
upper volume marking simlar to a pipette. Flowis determ ned by
measuring the tine it takes the bubble to rise fromthe | ower
mark on the neter to the upper mark, using a stopwatch.

Some GC instrunents are equi pped with an electronic flow sensing
meter, and the flowrate will be displayed automatically.
Corrected flows for the different gases are defined by keyboard
entry. A direct reading of the flow is displayed when called by
t he keyboard.

Bef ore begi nning the | aboratory exercise bel ow, you should have
devel oped the volunetric and gravinetric skills typically
required in the preparation of a sanple for GC. If you are not
confident that your skills in these techni ques are adequate, you
shoul d stop here and revi ew those procedures or learn them
afresh.

The gas chromat ograph is now assenbl ed and you are now ready to
set tenperatures flow rates for maxi numefficiency, and to
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measure the colum characteristics. New colums nust be
conditioned by flowing the gas through the systemuntil a stable
base |ine has been established.
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SETUP AND TRI AL RUN

(Refer to Operating Instructions for HP 5890A GC for additional
information while using this section.)

Any columm, whether it is used or new, nmay contain contam nants
and nust be conditioned before analytical use. New columms nmay
al so contain volatile contam nants which nust be driven off.
CONDI TION THE COLUW W TH THE FLAME LIT. The preferred carrier
gas for conditioning is He, but N2 can be used. DO NOT USE
HYDROGEN because the gas will exit directly into the hot oven.

CLUWN CONDI TI ONS:

1. Flowrate 15-40 nmL/mn helium (NOTE--The USP uses a 3 mm
colum but you will be using a 2 mmcolum, so the flow
i sreduced. You will need to establish the best conditions.)

2. Oven tenperature: Set at 260EC
3. Injector and detector tenperature: Set at 265EC.

To condition the columm, use a 265EC oven tenperature for 1 hour;
then cool the oven to 260EC. Do not exceed the 265EC.

After the flanme is Iit and the chromatographic/integration
condi ti ons have

been set (see ADDENDUM B), prepare a solution of Testosterone
Cypi onat e secondary standard at the concentration specified in
the USP XXIl. Make a 1 nlL injection, and press START RUN on the
integrator. (bserve the peak obtained and the baseline; the
baseline should not drift substantially. The peak should elute
wi thin about 10 mi nutes. Check the integration marks and

t he shape of the peak. |If the peak is too small or too big,

i ncrease or decrease the attenuation of the signal and/or the

i njection volune as appropriate. Change the attenuation on the
HP 3396 integrator to | ower nunbers to increase the peak signal.
If the integration nmarks are not correct, check the HP integrator
manual for guidance on correcting integration of a peak. Check
to see if the THRESH (threshold) and PKWD (peak w dth) need
changing. The heliumcarrier gas flow may al so have to be made
faster or slower.

Repeat the injection to optim ze the chromatogram then prepare a
solution of the internal standard, and inject it. The retention
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times of the internal standard and the sanple nust be different
so that the two nmaterials separate clearly. An internal standard
with simlar chemcal structure is also desirable. Observe the
retention tinme, peak shape, and integration marks; nake sure no
peaks or interference is obtained in the region of testosterone
cypionate. Wen conditions are suitable, prepare a m xed

sol ution of testosterone cypionate and internal standard at the
concentration specified in the USP XXl procedure, and inject it.
Optim ze the conditions to achieve correct integration if this is
needed.

Make six injections of the m xed standard solution. Discard the
first injection and calculate systemsuitability, based on the
cal cul ations of coefficient of variation (relative standard
deviation), resolution, and tailing factor as described in
Addendum A. Record all the conditions used in the analysis on
your worksheet. Press LIST,LIST on the HP 3396A integrator (see
Addendum B) to record the integrator conditions.
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ANALYSI S OF DRUGS

Wien the systemsuitability criteria are net, you are now ready
to start the USP anal ysis. (See Addendum A for suitability
l[imts.) The USP describes the analysis of testosterone
cypionate injection (USP XXI|I, page 1327) by GC. Several nethods
for quantitative analysis using GC instrunents are avail abl e;

the USP net hod uses an internal standard. |In GC analysis, the
guantity of the injection is very small, and even very mnute
changes in the volune can cause large errors. The internal
standard method nakes it possible to correct for these errors.

otain the follow ng materi al s:

1. USP Chol esteryl Capryl ate Reference Standard (Chol esteryl
n- Cct anoate) for the internal standard.

2. USP Testosterone Cypionate Reference Standard for the
standard preparation. Follow the procedure for drying as
descri bed by the USP

3. A sanple of comrercial testosterone cypionate injection.
Proceed as directed on page 1327 of USP XXIl. The injection
sanple is a solution in oil, so in order to sanple correctly, use
a 1.0 nL TC pipette (a TC pipette is To Contain), and rinse the
pi pette five times with about 10 nL portions of the
nmet hanol -wat er m xture, collecting rinsings in the centrifuge
tube. Add 20 nL of nethane-water m xture and continue with the
USP procedure. (Unless this procedure is followed, the high
viscosity of the sanple will cause sanpling error.) The si ze
al i quot needed depends upon the dosage of injection. For a
dosage of 200 ny/nmiL, use 1 ni.Mke duplicate anal yses. WMake
three injections of the standard solution, discarding the first
injection. Mke two injections of each of the standard and
sanpl e solutions. Average the ratios of the standard and sanple
solutions for use in the cal cul ation.

CALCULATI ON OF ASSAY CONTENT

(Cs) X (3 nL/3 nL) X (Ru/Rs) X (200 niL/DW X 100 = %
t est ost er one

where Cs = concentration of standard testosterone,

ng/ 10 nL
Ru
Rs

area of the sanple under the peak
area of the standard under the peak
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DW = decl ared wei ght of drug per unit

NOTE- - The above equation is based on a dosage of 200 ny/nL of
injection. The declared weight and the sanple aliquot nust be
changed, if the dosage weight of the drug is different.

ERRORS | N GAS CHROVATOGRAPHY

When the external standard technique is used, GC neasurenents are
subject to errors caused by differences in the injected vol unes
of sanple and standard solutions. Each injection is in the order
of a fewmcroliters. Any small change in the injection volune
causes a large change in response. The internal standard nethod
reduces the errors involved by using a ratio of the response of
the internal standard to that of the drug being analyzed, in both
t he sanpl e solution and the standard solution. Wen ratios are
used, the val ue obtai ned does not depend upon the anount

injected. Calibration curves can be generated by using a series
of dilutions of a stock standard solution; each diluted solution
contains the same concentration of the internal standard. |If the
external standard nethod of calibration is used, a reproducible

i njection volune nust be nade for each sanple and standard
solution. Mich nore accurate results can be obtai ned when the
internal standard nethod is used.

The best GC results are obtained when the retention curves are
symmetrical and involve little or no tailing. Adsorption of any
conpounds on the support causes tailing. |If the tailing is
large, a colum with different polarity nay produce a nore
symmetri cal peak. Adsorption usually occurs when the conpounds
are polar and the support is polar. Decreasing the polarity of
t he support will reduce the adsorption and tailing. |If the
conmpounds are polar, the colum polarity nmust be nade nore
nonpol ar to reduce tailing. The chem stry rule of thunb, "Like
Li kes Like", applies in colum sel ection.

Anot her cause of tailing is a leak at the septumwhen air is
introduced into the gas flow stream You should replace the
sept um when you notice a normally

symmetri cal peak of a known conpound becom ng unsymetri cal
Changes in retention tinmes may al so be caused by a | eaky septum
Gas flowin GC nust remain constant during the entire anal ysis.

If flowis erratic, the retention times will vary. Sonetines the
base line will show noise and spi kes and will deviate from
linearity. A base line that shows such signs usually arises from
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a dirty flame detector. Check with your service departnent about
cleaning the flane detector if you are not famliar with the
operation. After the flane detector is clean, the base line wll
usually return to nornmal.
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ADDENDUM A
A. Rel ative Standard Devi ati on

The rel ative standard devi ation (coefficient of variation)
expressed as a percentage is:

where Xi is the area of the sanple peak i and X is the average of
the areas of peaks i through Nin a series of Ninjections of the
sanme solution. Refer to USP section <621> on Chronat ography for

di scussi on of cal cul ati ons.

B. Resol ution

Resolution is a neasure of the separation of two peaks. It is
calculated fromthe widths and the retention tines of the two
peaks:

R=2(t2 - t1)/ (W + W)

where WL and W2 are the peak widths, t1 and t2 are the peak
retention times, and Wand t have the same units. |If the

chr omat ogr aphi ¢ paranmeters are proper, the resolution should not
be less than 3.0 for testosterone. Figure 1 shows how t he
resolution is determned fromthe chromatogram This
illustration, however will give a resolution of 2 which is |ess
t han specified by the USP

70



Figure 1
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SECTI ON V

THI N- LAYER CHROVATOGRAPHY TRAI NI NG MODULE
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THI N- LAYER CHROVATOGRAPHY TRAI NI NG MODULE

Thi n-1ayer chromatography (TLC) is one of the ol dest of the
liquid chromat ography nmethods. During the past years the nethod
has been |argely superseded for drug assay by HPLC net hods.

Recent devel opnents in coatings have inproved TLC by introducing
reverse- and nornal - phase separations that use the sane type of
coatings as in HPLC colums. Wth these new advances,

known as HPTLC (hi gh performance thin-|layer chromatography), TLC
separations can be nmade conparable to those with HPLC. In fact,
t he net hod can be considered as a conplenent to HPLC, since

i nformati on gained from TLC can be transferred directly to HPLC
Coatings are available for work in organic or aqueous nobile
phases.

TLCis wdely used to identify inpurities in drugs. The nethod
serves as a val uabl e neans of quick and econom cal

identification. TLC can be used successfully as a rapid
screening technique for many drugs. One of its chief uses is
determ nation of trace inpurities in drugs. The technique wll
beconme even nore useful with the new advances in high-perfornmance
t hi n-1 ayer chromatography.

Trai ni ng Course

USP XXII, section é€621i, page 1559, provides a background for

t hin-1 ayer chromatography anal ysis. The FDA has materials which
will help you learn and review the essentials of TLC. Even if
you have had prior experience with this technique, you may find
it useful to spend sonme tinme with the witten, audio, and visual
instructional materials. You can tailor your instruction to your
personal needs. This course will take approximately 1 hour to
view and study. You should spend as nuch tine as necessary.

SAVANT Tape-Slide Course, "Principles and Practices of TLC
Part 1
Hi story
Basi ¢ conmponents
Mechani sm of separation
Preparation of thin-layer nedia
Sel ection of nobile phase
Part 2
Vari abl es
Basi ¢ steps
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Causes of poor separation
Appl i cations

| NTRODUCTI ON

The TLC operation requires handling of organic solvents, glass
containers, and thin-glass plates. Careful planning is required
to make the operation successful and safe. Safety gl asses and

| aboratory coats are required for all operations of this type.
The entire process involves the handling of volatile and

fl ammabl e solvents. Al work involving the solvents should be
performed in a hood. The thin-glass chromatographic plates are
fragile and are easily broken. THE G.ASS PLATES MJUST BE HANDLED
W TH CARE to prevent breakage and possi bl e personal injury. The
coated | ayers used on the plates are also fragile; they should be
touched as little as possible to avoid danaging themor affecting
devel opnment or visualization. The glass plates should be used in
a clean | aboratory area with space enough to work with snal
objects safely and efficiently.

The plates require devel opnent to separate the materials. The

vi sual i zation of the plates requires sone nethod of detecting the
spots. The nost comon forns of detection are exam ning the

pl ate under ultraviolet Iight, spraying, or charring. Al
sprayi ng operations nmust be perforned in a spray chanber and in a
hood. The charring operation uses H2SO4 with/wi thout a chromate
and heating. Rubber or plastic gloves should be worn to prevent
any possible injury fromburns. Intensities of spots are
estimated visually or with the use of a densitoneter.

Because TLC operation uses mcro quantities of solution, very
smal | mcropipettes are used. For preparation of the plates,
i ncludi ng application of the sanple, the operator should be
seated at a table with plenty of clear working space.
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PERFORM NG A THI N- LAYER CHROVATOGRAPHY SEPARATI ON

THI N- LAYER CHROVATOGRAPHY EQUI PMENT

G ass tank with a glass lid. The top edge of the tank
shoul d be ground so that the tank and Iid fit together closely to
prevent evaporation. Most operations are carried out in a
sat urated at nosphere.

2. Saturation pads to provide a controlled atnosphere.

3. Delivery systemto handle mcroliter quantities of

4. Coated chromat ographic pl ates.

5. Spotting tenplate to control sanple placenent.

6. Spray box.

7. Spray unit.

8. W light box or W light source (254 and 360 nn).
Al'l TLC operations include three phases, nanely:

1. Stationary phase, which is the adsorbent;

2. Mobile phase, which is the solvent;
3. Solute phase, which is the sanple.

Any TLC procedure includes six steps, nanely:

Sanpl e preparation;

Sanpl e application;

TLC chanber conditi oni ng;

TLC pl ate devel opnent;

Vi sualization, interpretation, and quantitation.

GhwonPE
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TLC OPERATI NG PROCEDURE
PLATE SELECTI ON

TLC plates are avail able both uncoated and coated. Since you can
buy the coated plates with nmany different types of coatings, it
is not necessary to coat plates unless sonme special type of
coating is desired. W w |l involve ourselves only with the
coated plates. The plates thenselves are available with gl ass,

al um num paper, and pol yester backings and also in a w de
variety of sizes. The nost commobn size and type used in drug
analysis is the 20 X 20 cmglass plate. Mst TLC neasurenents
are done with silica coating on glass plates.

In addition to the silica-coated plates, other coatings are
avai |l abl e such as C18, C8, CCN, and CPhenyl. These coatings are
simlar to those used as supports in HPLC. They contain binding
agents so that the plates may be used with either organic- or

wat er - cont ai ni ng nobi |l e phases. Special plates are commercially
avai lable that will permt the use of up to 50% water. |[|f you
attenpt to go beyond 50% water, the coating will be renoved. The
wi de variety of coatings nmakes it possible to separate conponents
by either normal or reverse-phase nethods.

Plates cone with a soft or hard coating. The soft coatings are
used when recovery of the sanple is necessary. The hard coatings
are abrasion-resistant and will allow nmarking with a soft | ead
pencil. Plates are available with or without fluorescein in the
coating. Plates with fluorescein allow easy detection of the
devel oped spots under UV lighting. The type of coating on the
plate is specified by the USP; usually it is silica.

PREPARATI ON OF THE TANK

1. Use a clean and dry chromatography tank to fit the size of the
pl ate. Tanks grooved on the inside to hold nmultiple plates are
not recomended.

2. Fill the tank with solvent to such a level that the bottom of
the plate dips into the liquid 1 cm (The tanks used for the 20
X 20 cmplates require about 100 nmL of solvent to bring the
liquid | evel to the proper position on the plate.) Mke sure the
origin line of spotted sanples is above the devel opi ng solvent in
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t he tank.

3. Place saturation pads around the inside of the tank, cover
with the glass Iid, and allow to equilibrate. (Sone USP nethods
specify no saturation pads, stated as "no equilibriunf. No
mention of saturation pads by the USP neans the systemis
operated with pads.) Allow sufficient time for the devel opi ng
tank to equilibrate before adding the sanple plates.

PREPARATI ON OF PLATE
1. Use a dry and clean plate.

2. Avoid scoring or drawing lines on the plate that will be
traversed by the devel oping solvent. Mark only the top of the
plate to identify the end of the devel oping tinme or distance.

3. On the end of the plate opposite the spotting end, mark the
edges of the surface to show the upper distance that the

devel opi ng solvent nust travel fromthe origin (usually about 15
cn). Score the plate between these narks with a sharp object.

4. Do not score along the spotting |ine.
SAMPLE PREPARATI ON AND SPOTTI NG OF THE PLATE

1. Accurately weigh the sanple to make a desired concentration
(concentrations are specified by the USP). Before application to
the plate, dissolve the sanple in a solvent that is as nonpol ar
and vol atile as possible.

2. Use a mcrosyringe or a Mcrocap to deliver a fixed volune to
the plate. A Mcrocap is a precision-bore capillary tube cut to
a constant length so as to deliver a fixed volune in mcroliters
when filled. Mcrocaps range in capacity fromO0.5 to 200 nL.
They are di sposable and a new one is used for each sanple, thus
el imnating any possible contam nation. Drumond Wretrol

m cropi pettes with different volunmes are calibrated with vol une
mar ks and are used to deliver the sanple. This type of

m cropi pette consists of a calibrated capillary with a renovabl e
wire plunger. Such a system conbines the advantages of a

di sposabl e pipette and a mcrosyringe. This type of pipette nust
be used when the solutions are water or water m xtures because of
surface tension. A separate capillary is used with each sanple
to avoi d contam nati on of sanpl es.
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3. Wth the use of a tenplate or guide, spot the sanple slowy,
using a mcroliter pipette along the origin line sufficiently
above the bottomof the plate (approxinmately 2.5 cm so it is not
i mrersed in the devel opi ng sol vent when placed in the tank.

4. Spot neasured vol unes of sanple on the origin line across the
bottom of the plate. Select a standard and sanpl e of equal or
nearly equal concentrations. Spot this standard and sanpl e near
the center of the plate on the origin line, and place sanple
spots of varying concentrations on the sides of the two

center spots. Make the sanple spots on the plate as small as

possible. If all of the sanple is added at once, such as the 10
nm. specified in nost USP anal yses, a very |arge spot of sanple
will result. To avoid the large initial spot, first add a very

smal | amount of the sanple to the plate and al |l ow t hat

portion to dry, using a gentle streamof nitrogen gas to aid in
drying the spot as it is applied. The small anount added wil|
dry quickly since the solvent is usually volatile. Continue
addi ng successive small anounts until the correct quantity of
sanpl e has been added. Try to keep the spot to about

2 mmdi aneter for best results.

4. Leave the plate in place and let it dry until you can no
| onger snell any sol vent.

DEVELOPI NG THE PLATE

1. Place the plate vertically with the bottom down in the sol vent
tank so that the liquid cones to about 1 cmon the plate.

2. Cover the tank with the Iid and allow the sanple to migrate up
the plate. The USP specifies that the mgrate should continue
until a certain percentage of the total plate height is reached.

| f you forget to stop the mgration at the tinme specified, it

will stop automatically when the solvent front reaches the
scribed line. The usual tinme for mgration is on the order of 30
mnutes to 1 hour. Sonme TLC systens require much longer times to
devel op; to reduce the tine, you nmust change the polarity of the
sol vent .

3. If the solvent does not reach the prescored |line, mark a |line
showi ng where the solvent did mgrate.

4. The line where the solvent stops marks the retention di stance
for the solvent and is known as the solvent front. Use the

di stance fromthe origin line to the solvent front to calcul ate
the retention factor (Rf) as described later.to calculate the
retention factor (Rf).
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VI SUALI ZATI ON OR DETECTI ON

1. Renove the plate fromthe tank and allow to air dry. |If the
coating of the plate contains fluorescein, observe the

chromat ogram by exposing the plate to a short-wavel ength
ultraviolet light source (254 nnm). Place the plate with

the coating surface facing towards the UV |ight source.

2. Alternatively, visualize the chromatogram by spraying the
plate with various materials that dye the sanples. The type of
spray used depends upon the nol ecul ar structure of the sol ute.
Use a smal|l atom zer sprayer which elimnates formation of
droplets and forns a uniformm st; use a spray coating

box to isolate the excess spray. Ildentify the location of the
sanple. The intensity of the color developed is related to the
anmount present.

3. As a third nethod, use charring to visualize the chronat ogram
Spray a m xture of 50% H2SO4/ met hanol , wi th/w t hout potassium
di chromate, onto the plate and heat to 105EC for a few m nutes.
The spots containing the sanples w Il be blackened and the
intensity can be neasured by a densitoneter.

4. Measure the distance fromthe initial sanple |location (origin)
to the center of the eluted spot. Measure the distance fromthe
originto the solvent front. Express the Retardation Factor, Rf
as a ratio:

Rf = Distance fromorigin to center of spot/D stance from
origin to solvent front.

The Rel ative Retention Factor, Rr, is defined as the distance
travel ed by the test substance divided by the distance travel ed
by the standard.

Rf is a measure of the separation and novenent in a given TLC
system and Rr is used to determ ne the separating power of the
systemrelated to deconposition products or related substances.
Use a TLC tenplate as a spotting guide and a nmeans of measuring
spot size, Rf values, and sanple quantities.
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ANALYSI S OF SULI NDAC

USP XXI'I, page 1304, describes the analysis of Sulindac. Consult
this before starting the anal ysis.

obtain USP Sulindac Reference Standard and a sanple of Test
Sul i ndac bul k material.
Ref erence Solution AL Prepare a solution of USP Suli ndac
Ref erence Standard in a m xture of chloroformand nmethanol (1:1)
at a concentration of 25 ng/niL. Label this Solution A

Refe?ence Sol uti on B. Dilute 1 nL of solution Ato 250 nL with
t he above sol vent. Label this Solution B

Test preparation. Prepare a solution of Sulindac sanple with
the 1:1 chl orof orm nmet hanol m xture at a concentration of 25
ng/ m.. Proceed as per USP XXl I, page 1304, using the test
begi nning with System Suitability and fol |l owed by Procedure.
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COMMVENTS ON THI N- LAYER CHROVATOGRAPHY

Densitoneters are al so used to neasure spots on TLC pl ates but
this use is not covered in this training nodul e.

Sonme coatings are bonded to the glass with a
crossl i nked- pol yneri c bi nder,

maki ng the coating useful with either organic or water/organic
solvents in which the water content does not exceed 50%

Many anal yses require devel opnent of an HPLC nethod. TLC offers
an efficient and cheap way to devel op a nmethod involving the sane
type of columm and sol vent system Data from TLC and HPLC are
conpl ementary, and can be directly transferred fromone systemto
t he ot her.

Hi gh- performance thin-|layer plates can be used to assay the main
conponent in a drug if the analyst can apply constant vol unes
every time and maintain high precision. Automatic spotters are
avai l able to deliver a constant volune and to elim nate operator
errors. In some cases, the HPTLC nethod can be used for

the USP nethod if the HPLC instrunmentation is not avail abl e.

TI C has the foll owi ng advant ages:
1. Low cost conpared to other nethods.

2. Ability to screen a | arge nunber of sanples.

3. No sanple clean-up or filtering.

SOURCES OF ERROR

1. Reproducibility of sanple application. Very snal
guantities are handled and any error in the volunme applied
greatly increases the final error.

2. Wen using a densitoneter, reproducibility of positioning
the spot in the center of the beamis a problem It is very
inmportant to center the spot as you scan across, so that your
readi ngs are correct.

3. Handling of micro quantities causes sonme probl ens because
al | wei ghings and volunmes are very snmall and any small change
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represents a | arge percentage change.

4. The sanple can over- or under-mgrate. Even no separation
is possible. Al these errors are caused by the solvent polarity
not being correct. Sonetinmes a second solvent front is forned,
causing a problemin determning the distance of migration or Rf
val ues.

5. Solvents used in preparing the sanple or in the devel oping

sol vent can cause deconposition of the sanple, giving erroneous
results. Solvents of this nature should be avoi ded.
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SECTI ON VI

ULTRAVI OLET/ VI SI BLE SPECTROSCOPY
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UV/ VI SI BLE TRAI NI NG MODULE

Anal ytical nethods which are based on the absorption of visible
or ultraviolet radiation are frequently included anong the

of ficial methods used for drug analysis by the FDA. These

nmet hods usually require that the anal yte be dissolved, chemcally
transforned to a species which absorbs light, and diluted to a
concentration range in which absorbance neasurenents can produce
accurate quantitative results. Training in these nmethods wll
consi st of learning or reviewing the principles of UV/ visible
spectrophotonetry and the correspondi ng i nstrunentation, and a
practice analysis on a typical drug sanple under the guidance of
an experienced chem st, using the USP net hod.

Tr ai ni ng Cour ses

The FDA | aboratory has available training materials which can
help you to learn or review the essentials of quantitative
UV/ vi si bl e spectrophotonetry. Even if your previous education
and experience include sone background in these techniques, you
may find it profitable to spend sone tinme with witten,

audi o, and visual instructional materials. Below are summari zed
the contents of two tape-slide courses which are available for
this purpose. You can tailor your instruction to your own needs
by view ng only those courses or portions thereof which are
useful for you. Each presentation takes approximately 1 hour to
view. You should spend as nmuch tinme as necessary with each
course, until you thoroughly understand the principles of the

t echni que.

SAVANT Tape- Slide Course UV-101, "Introduction to UV-Visible
Spectronetry"

The spectrum

Wave-particle duality

Wavel ength units

The UV-visible range of the spectrum

Absorption and transm ttance of radiation

Energies corresponding to rotation, vibration, and el ectronic
transitions

Bondi ng, non-bondi ng, antibonding orbitals

Nonmencl ature of electronic transitions

Common UV-vi si bl e chronophores (carboxylic acids, ketones,
etc.)

Ef fect of conjugation on spectra
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| nteracti ons between chronophores
Sol vent dependence of spectrum
pH dependence
Definition of transmttance and absorbance
I ntroduction to instrunmentation
Sources (lamp types)
Monochr omat or
Det ect or ( PMI)
Readout device

SAVANT Tape- Slide Course UV-2, "Basic Aspects of UV/Visible
Spect rophot onetry
- Instrunmentation”

Overvi ew of neasurenment (single-beaminstrunentation)
Sources (tungsten, hydrogen, deuterium|anps, xenon arc)
Detectors (PMI, PbS in near IR

El ectrical signal processing

Monochr omat or (di spersing elenent, mrrors, slits)
Angul ar and |inear dispersion

Prisms

Gratings

Si ngl e beam (Beckman DU) instrument description
Doubl e beam (Beckman ACTA Cl11) description

Ef fect of wavel ength error

Phot onetric error

Stray light problens

Operating controls of typical spectroneter

Wavel engt h st andar ds

Absor bance |inearity standards
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DI ODE ARRAY SPECTROPHOTQOVETERS

An inportant type of instrunment is not discussed in the SAVANT
tape-slide courses, nor is it often covered in college anal yti cal
chem stry courses. Unfortunately, the type of instrunment that is
omtted is also commonly enployed in FDA | aboratories. These
instrunments are simlar to conventional spectrophotoneters except
that their detectors are "diode arrays"” rather than
photonmultipliers. A diode array is a strip of sensitive,

sol i d-state photodi odes fabricated in a conpact package.
Typically, 512, 1024, 2048, or even nore diodes are nounted in a
package only a few centinmeters in length. The intensity of the

[ ight inpinging on these detectors is determ ned by a
(repetitive) high-speed electronic query of the array. Wth such
a detector nmounted at the position which woul d have been occupi ed
by the exit slit of a conventional nonochromator (optics are
specially designed to focus on the array, instead of on an exit
slit), one obtains virtually instantaneous acquisition of the
entire spectruminpinging on the detector. (This characteristic
makes di ode array spectroneters a desirable, but expensive,
detector for HPLC.) Therefore, it is not necessary to "scan"

t hrough the spectrumin the conventional sense, and there is only
one slit to control, rather than two. Although such an
instrument typically does not deliver as high an ultinate

resol ution as the best conventional nonochromators can, its
resolution is nore than adequate for chronophores in solution.

Al t hough neither its dynam c range (the intensity range over

whi ch response is nearly linear with photon flux) nor its
sensitivity is as large as that of a photomultiplier, both are
sufficient for quantitative spectrophotonmetry of solutions.

If you will be using a diode array instrunment and if, |ike nost
chem sts, you have not had experience with a diode array

UV/ vi si bl e spectrophotoneter, it would probably be worth your
time to read a brief |aboratory guide for the instrunent you wll
be using. An experienced chemi st in the |aboratory may al so be
able to help you to becone famliar with the instrunent.
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PRACTI CE ANALYSI S

Bef ore begi nning the | aboratory exercises bel ow, you should have
devel oped the volunetric and gravinetric skills typically
required in the preparation of the sanple for spectrophotonetric
measurenent. |f you are not confident that your skills in these
t echni ques are adequate, you should stop at this point and
review or learn afresh those procedures, because you cannot
expect to obtain accurate results fromany instrunental nethod
unl ess the quantitative techni ques used for sanple preparation
are of commensurate quality.

A USP net hod which is representative of UV/visible analysis is
t he assay of chl orzoxazone tablets (USP XXl I, page 303). The
pur pose of the procedure is to determ ne the anbunt of active
i ngredient in chlorzoxazone tablets. You should performthe
anal ysi s under the supervision of an experienced chem st.

PROCEDURE

Al'l of your work nust be recorded on a standard wor ksheet, | ust
as if this analysis were not nmerely a practice exerci se.

Every two nonths, a list of current USP reference standards is
publ i shed in the Pharmacopeial Forum The nost recent |ist may
be consulted to determ ne the appropriate standard for

chl orzoxazone. The standard (USP Chl or zoxazone Reference
Standard) is dried for 2 hours at 105EC. (In order to conserve
USP standard nmaterials, you may be directed to use a secondary
standard for this analysis. A secondary standard is a materi al
whose purity has been determ ned by previous anal ysis.)

ASSAY PREPARATI ON

Accurately weigh 20 tablets and cal cul ate the average tabl et

wei ght (ATW, grind the tablets to a fine powlder, and pass the
powder through a 60-nesh sieve. Mx the powder thoroughly, and
then take a sanpl e portion.

Transfer duplicate weighed anbunts, each of which should contain
approximately 100 ng of chl orzoxazone, to separate 100 nL
volunetric flasks. (Calculate the anmount to be wei ghed fromthe
average tabl et weight and the | abel ed amount in each tablet.)
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Add about 80 nL of warm net hanol and sonicate for 30 mnutes with
occasi onal shaking. Let the solution cool to roomtenperature,
and then dilute with nethanol to volune and m Xx.

Filter through a dry Whatman No. 2 filter (about 10 cm di aneter)
to a dry flask so as not to dilute the sanple. Discard the first
20 ni.

Pipette 2.0 nL of the filtrate into a 100 nL volunetric fl ask,
dilute with nethanol to volunme, and m x thoroughly.

REFERENCE STANDARD PREPARATI ON

Di ssolve 20 ng of the USP Chl orzoxazone Reference Standard (or

t he secondary standard) accurately weighed in nmethanol into a 100
nmL volunetric flask and dilute stepwi se to obtain a final
solution of 20 ng per nmL (for exanmple, by diluting a 10.0 nL
aliquot to 100.0 m.). Keep in mnd that solutions nmust be clear
(no enul sions or precipitates) and spectrophotoneter cells mnust
be clean inside and out, if accurate photonetric results are to
be obtained. Because oils fromfingerprints absorb in the
ultraviolet, clean the windows of the cell carefully with a

ti ssue made for such purposes, and do not touch them afterward.

| f the baseline obtained fromthe blank is rough or jagged, check
the outsides of the cells for fingerprints or noisture. d ean
the cell and repeat the bl ank.

Bef ore maki ng nmeasurenents on the sanples, check the absorbances
of the two cells, using the solvent in both cells. Mke a
correction if the cells are not properly matched (perfectly

mat ched cells do not require correction). Rinse out the solvent
and replace it with the solution of the | owest concentration.
Rinse the cell at least three times before going to the next

hi gher concentration. Repeat until the highest concentration is
reached.

Use the UV/visible spectrophotoneter to determ ne the absorbances
of both the sanple and standard solutions in the same 1 cmcell,
at the absorbance maxi mum whi ch occurs near 282 nm using

nmet hanol for the blank. Average the sanple readings.

CALCULATI ONS
Cal cul ate the nunber of mlligranms of the active ingredient in

t he sanpl e you weighed for this analysis. Use the back of the
wor ksheet to record all of your cal culations along with the
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anal ytical data. Average the results fromthe two runs. Convert
the transmttance data to absorbance units using the attached
table. If the absorbance is neasured on the instrunment, no
conversion wll be necessary.

Det erm ne the percentage of chlorzoxazone in the tablet conpared
to the decl ared anobunt as foll ows:

(Ws/100 nmL) X (210 /100 nL) X (100 m/2 nL) X (Au/As) X
(100 nL/Wi) X (ATWDW X 100 = % of decl ared Chl orzoxazone)

where: Au = absorbance of the sanple
As = absorbance of the standard
Wi = wei ght of sanple, ng
W = weight of standard, ng
ATW = average tablet weight, ng

decl ared wei ght of drug per tablet, ny

The al | owabl e percentage of the | abel ed anobunt for chl orzoxazone
is 90.0-110. 0%
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Table 1

CONVERSI ON OF TRANSM TTANCE TO ABSORBANCE

48.
49.

.319 .318 .317 .316 .315 .314 .313 .312 .323 .311
.310 .309 .308 .307 .306 .305 .304 .304 .303 .302

PercentT. 0 1 .2 .3 .4 .5 .6 .7 . 8 .9

10.0 1.000 .996 .991 .987 .983 .979 .975 .971 .967 .963
11.0 .959 .955 .951 .947 .943 .939 .936 .932 .928 .924
12.0 .921 .917 .914 .910 .907 .903 .900 .896 .893 .889
13.0 .886 .883 .879 .876 .873 .870 .866 .863 .860 .857
14.0 .854 .851 .848 .845 .842 .839 .836 .833 .830 .827
15.0 .824 .821 .818 .815 .812 .810 .807 .804 .801 .799
16.0 . 796 .793 .790 .788 .785 .782 .780 .777 .775 .772
17.0 . 770 .767 .764 .762 .760 .757 .754 .752 .750 .747
18.0 . 745 742 .740 .738 .735 .733 .730 .728 .726 .724
19.0 .r721 .719 .717 .714 .712 .710 .708 .706 .703 .701
20.0 .699 .697 .695 .692 .690 .688 .686 .684 .682 .680
21.0 .678 .676 .674 .672 .670 .668 .666 .664 .662 .660
22.0 .658 .656 .654 .652 .650 .648 .646 .644 .642 .640
23.0 .638 .636 .634 .633 .631 .629 .627 .625 .623 .622
24.0 .620 .618 .616 .614 .613 .611 .609 .607 .606 .604
25.0 .602 .600 .599 .597 .595 .594 .592 .590 .588 .587
26.0 .585 .583 .582 .580 .578 .577 .575 .574 .572 .570
27.0 .569 .567 .565 .564 .562 .561 .559 .558 .556 .554
28.0 .553 .551 .550 .548 .547 .545 .544 542 .541 .539
29.0 .538 .536 .535 .533 .532 .530 .529 .527 .526 .524
30.0 .523 .521 .520 .519 .517 .516 .514 .513 .511 .510
31.0 .509 .507 .506 .504 .503 .502 .500 .499 .498 .496
32.0 .495 .494 492 .491 .490 .488 .487 .486 .484 .483
33.0 .482 .480 .479 .478 .476 .475 .474 .472 .471 .470
34.0 .468 .467 .466 .465 .463 .462 .461 .460 .458 .A457
35.0 .456 .455 .454 452 .451 .450 .449 447 .446 .445
36.0 444 442 441 440 .439 .438 .436 .435 .434 .433
37.0 432 .431 .430 .428 .427 .426 .425 (424 422 .421
38.0 .420 .419 .418 .417 .416 .414 .413 .412 .411 .410
39.0 .409 .408 .407 .406 .404 .403 .402 .401 .400 .399
40. 0 .398 .397 .396 .395 .394 .392 .391 .390 .389 .388
41.0 .387 .386 .385 .384 .383 .382 .381 .380 .379 .378
42.0 .377 .376 .375 .374 .373 .372 .371 .370 .369 .368
43.0 .367 .366 .364 .363 .362 .362 .360 .359 .358 .357
44. 0 .356 .356 .355 .354 .353 .352 .351 .350 .349 .348
45. 0 .347 .346 .345 .344 .343 .342 .341 .340 .339 .338
46. 0 .337 .336 .335 .334 .333 .332 .332 .331 .330 .329
47.0 .328 .327 .326 .325 .324 .323 .322 .322 .321 .320

0
0
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Table 1 con't
CONVERSI ON OF TRANSM TTANCE TO ABSORBANCE

PercentT O 1 .2 .3 .4 .5 .6 .7

50.0 .301 .300 .299 .298 .298 .297 .296 .295
51.0 .292 .292 .291 .290 .289 .288 .287 .286
52.0 .284 .283 .282 .282 .281 .280 .279 .278
53.0 276 . 275 .274 .273 .272 .272 .271 .270
54.0 .268 .267 .266 .265 .264 .264 .263 .262
55.0 .260 .259 .258 .257 .256 .256 .255 .254
56.0 .252 .251 .250 .250 .249 .248 .247 .246
57.0 . 244 . 243 . 243 .242 241 .240 .240 .239
58.0 . 237 .236 .235 .234 .234 .233 .232 .231
59.0 . 229 .228 .228 .227 .226 .226 .225 224
60.0 .222 .221 .220 .220 .219 .218 .218 .217
61.0 .215 .214 .213 .212 .212 .211 .210 .210
62.0 .208 .207 .206 .206 .205 .204 .203 .203
63.0 .201 .200 .199 .199 .198 .197 .196 .196
64.0 .194 .193 .192 .192 .191 .190 .190 .189
65.0 .187 .186 .186 .185 .184 .184 .183 .182
66.0 .180 .180 .179 .1Y8 .178 .177 .176 .176
67.0 174 173 .173 .172 .171 .171 .170 .169
68.0 .168 .167 .166 .166 .165 .164 .164 .163
69.0 .161 .161 .160 .159 .159 .158 .157 .157
70.0 .155 .154 .154 .153 .152 .152 .151 .151
71.0 .149 .148 .148 .147 .146 .146 .145 .144
72.0 . 143 .142 .142 .141 .140 .140 .139 .138
73.0 .137 .136 .136 .135 .134 .134 .133 .132
74. 0 .131 .130 .130 .129 .128 .128 .127 .127
75.0 125 . 124 124 .123 .123 .122 .122 .121
76.0 .119 .119 .118 .118 .117 .116 .116 .115
77.0 . 114 .113 .112 .112 .111 .111 .110 .110
78.0 .108 .107 .107 .106 .106 .105 .105 .104
79.0 .102 .102 .101 .101 .100 .100 .099 .098
80.0 .097 .096 .096 .095 .095 .094 .094 .093
81.0 .092 .091 .090 .090 .089 .089 .088 .088
82.0 .086 .086 .085 .085 .084 .084 .083 .082
83.0 .081 .080 .080 .079 .079 .078 .078 .077
84.0 .076 .075 .075 .074 .074 .073 .073 .072
85.0 .071 .070 .070 .069 .069 .068 .068 .067
86.0 .066 .065 .064 .064 .063 .063 .062 .062
87.0 .060 .060 .060 .059 .059 .058 .058 .O057
88.0 .055 .055 .054 .054 .053 .053 .053 .052
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. 294
. 286
L 277
. 269
. 261
. 253
. 246
. 238
. 231
. 223
. 216
. 209
. 202
. 195
. 188
. 182
. 175
. 169
. 162
. 156
. 150
. 144
. 138
. 132
. 126
. 120
. 115
. 109
. 104
. 098
. 093
. 087
. 082
. 077
. 072
. 067
. 061
. 056
. 052

9

. 293
. 285
. 276
. 268
. 260
. 253
. 245
. 237
. 230
. 223
. 215
. 208
. 201
. 194
. 188
. 181
. 175
. 168
. 162
. 156
. 149
. 143
. 137
. 131
. 126
. 120
. 114
. 108
. 103
. 097
. 092
. 087
. 081
. 076
. 071
. 066
. 061
. 056
. 051



89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

eooolololololNoNoeNoNe)

. 051
. 046
. 041
. 036
. 031
. 026
. 022
. 018
. 013
. 009
. 004

. 050
. 045
. 040
. 035
. 031
. 026
. 022
. 017
. 012
. 008
. 004

. 050
. 045
. 040
. 035
. 030
. 025
. 021
. 016
. 012
. 007
. 003

. 049
. 044
. 039
. 035
. 030
. 025
. 021
. 016
. 012
. 007
. 003

. 049
. 044
. 038
. 034
. 029
. 024
. 020
. 015
. 011
. 006
. 002
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. 048
. 043
. 038
. 033
. 029
. 024
. 020
. 015
. 011
. 006
. 002

. 048
. 043
. 037
. 033
. 028
. 024
. 019
. 014
. 010
. 006
. 002

. 047
. 043
. 037
. 033
. 028
. 023
. 019
. 014
. 010
. 005
. 001

. 047
. 043
. 036
. 032
. 027
. 023
. 018
. 014
. 009
. 005
. 001

. 046
. 042
. 036
. 032
. 027
. 022
. 018
. 013
. 009
. 004
. 001
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| NFRARED SPECTROSCOPY TRAI NI NG MODULE

Infrared spectroscopy neasures the nolecular vibrations of
t henol ecul es in such vibrations as bending and stretching. Only

t hose nol ecul es that have sone di pol e nonent or interactionbetween
atons cause absorption in the infrared (IR). The symretrica

nol ecul es such as the stable diatomc nolecules (O2,N2, etc.) do
not have vibrations in the infrared. Wen the resonant frequency
of the atons matches the frequency of the energy source, sone
absorption occurs. The infrared frequencies cover the region of
t he el ectromagnetic series from14000 to 20 cm1 (wavelength in the
IR region is expressed in wave nunbers, i.e., the nunber of waves
per centinmeter). The IR regionincludes the far and near
frequencies. The nost inportantregion, from4000 to 400 cm 1, is
the standard region, and is the one where nost anal yses are done.
The USP net hods use infrared spectroscopy prinmarily as a neans of
identifying the drug, but not for quantitatively neasuring the
strength of the drug in the formulation. 1In this sense, infrared
spectroscopy is a qualitative method in which the absorption
spectrum of the analyte is conpared with that of a reference
standard by matching absorption peaks. However, this training
nodul e al so includes the quantitative analysis of conpounds by
i nfrared spectroscopy.

Instrunents using either a salt prismor a diffraction grating to
separate the wavel engths require considerable tinme to neasure the
entire spectrum Newer instrunents use the Fourier transform

met hod (FTIR) for obtaining the spectrum This method uses an
interferoneter which separates all wavel engths in approximately a
few seconds, thus permtting a |arge nunber of scans. The

anal yst selects the nunber of scans needed to produce a
satisfactory spectrum Such a method reduces the noise |evel.

Many USP nonographs specify the infrared spectrumfor the
identity test of a drug. The infrared spectrumof the sanple is
measured and conpared to that of a USP reference standard
material. |If the spectra match, the two substances are the sane,
however isonmers such as D- or L- could be present and show as a
si ngl e conpound.

Since infrared spectroscopy is generally not sensitive to trace
guantities, |low amounts of inpurities are not detected. The
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method is limted to nmeasuring the main conponents.

| nfrared spectroscopy invol ving pure drug substances obtai ned
from pharmaceuti cal drug preparations requires the analyst to
handl e small quantities of solid materials which have been dri ed,
and are in the formof a fine powler. Such materials are usually
subject to static electricity, which nmakes the finely divided
powders junp around when handled. An anti-static gun is useful
to prevent this. Mst sanples are prepared by meking pellets of
the drug with KBr. The sanple and the KBr nust be thoroughly

m xed. The sanpl e constitutes about 2% of the total nass.

The foll ow ng general precautions nust be observed:

The pellet nold for sanple preparation is a precision-fit set of
nol ding dies with close tol erances. Take care to fit the dies

t oget her properly; otherwise the nold will be ruined. Cean and
dry the nolding dies in an oven before making the pellet. Measure
both a reference standard and a sanple, and try to have the
concentrations of the two specinens as close as possible. Use care
in operating the hydraulic hand press while nmaking the pellet.
Place the nold in the center of the press. Ascertain that the nold
and press are properly aligned before applying the pressure.
Al ways apply and rel ease the pressure slowy. Use care in handling
the nold to prevent any dammge; any scratches on the faces or
burring of the edges will ruin the nold. Closely follow all Good
Laboratory Practices of weighing and analytical techniques. Al
infrared techni ques use sone halide of an alkali netal (e.g., Nad
or KBr) as the sanple matrix or sanple holder, and the crystals are
subject to noisture. Do not handle the faces of the crystals with
your bare hands, since any fingerprints or noisture wll danage
them \Wen the alkali netal halides pick up noisture, they wll
become fogged.

The nodern FTIR instrunments operate with a |aser |ight source

whi ch can damage the eye; therefore, do not |ook into the beam
for any reason. The |aser power is very low and is safe unless
you | ook directly into the beam Al infrared techni ques use sone
al kyl halide as the sanple nmatrix or sanple holder, and these
crystals are subject to noisture. Wen the al kyl halides pick up
noi sture, the faces becone opaque and the transm ttance of the
light is reduced. Sanples and crystals should be stored in a
desi ccator over silica gel. On high humdity days, it is good
practice to sweep the cell conpartnment with a slow fl ow of dry

ni trogen whil e maki ng nmeasurenents.
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Tr ai ni ng Cour ses

The FDA | aboratory has avail able training materials which can
hel p you learn or review the essentials of quantitative infrared
spectrophotonetry. Even if your previous education and
experience include sone background in these techniques, you may
find it profitable to spend sone tinme with witten, audio, and
visual instructional materials. Below are sunmarized thecontents
of three tape-slide courses which are available for this purpose.
You can tailor your instruction to your own needs by view ng only
t hose courses or portions of themthat you need. Each presentation
t akes approximately 1 hour to view You should spend as much tine
as necessary with each course, until you thoroughly understand the
princi ples of the technique.

SAVANT Tape-Slide Course IR 101, "Principles of Infrared
Quantitative Anal ysis”

Hi story

Principles of IR quantitative anal ysis
Errors in quantitative measurenents
Mat hemati cs of quantitative anal ysis
Mul ti conponent anal ysi s

SAVANT Tape- Slide Course 102, "Techniques of Solid Sanple
Handl i ng of | R Spectroscopy”

Ceneral spectral criteria
Sol id sanpl e preparations

SAVANT Tape- Slide Course 104, "Conputerized Infrared
Spectroscopy”

Digitizing and di splaying spectral data
Housekeepi ng

Spectral substitution

M xture anal ysi s

Spectral search
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MEASURI NG THE | R SPECTRA
Sanpl e Preparation

There are several nethods for preparing sanples for infrared
nmeasur enment, nanely:

1. Thin filmof the material. A thin filmof the liquid
sanple (aka - neat technique) is spread between two salt plates.
A thinspacer approximately 0.1 mmthick can be inserted to increase
absorption, if needed. The absorption is dependent upon the film
t hi ckness and any slight variation will cause a change in neasured
intensity.

2. Material in Solution. The conpound is dissolved in a
solvent at a very high concentration and then this solution is
transferred into aliquid cell. The solvent nust have little or no
absorption in the region of interest. Al solvents will show
absorption at sone | R wavel engths.

Sol vents such as CO 4, CS2, and CHC 3 have absorption bands
that all ow nmeasurenents on nost conpounds. Suitable analysis can
be done when the sanpl e has sonme absorption band or bands that are
different than the solvent. The primary difficulty is that many
conmpounds are not soluble in the nonpol ar sol vents especially those
that are polar which includes nost drugs. The nmethod can be used
for quantitative analysis when a <calibration curve can be
constructed based upon Beer's Law.

3. Solids dispersed in a null. The conpound is blended with
mneral oil (Nujol) by grinding the material with the oil in an
agate nortar. The oil is added slowy until a uniformblend is

made with the consistancy of a hand cream The creamis sandw ched
between two salt plates usually without a spacer. This nmethod is
subject to sone uncertainty due to uniformty of the spread and the
t hi ckness. The material is not in solution but in a dispersion
whi ch al so causes sone scattering dependi ng upon the particle size.

4. Solid pellet with KBr. Approxinmately 2 % of the materi al
is blended with 98 % of KBr by mxing in a wiggle bug to get a
uni form m xture. The blend is placed in a Wlmd UN DI E and
pressure applied slowy by a hand hydraulic press until the gage
regi sters 15000 pounds |oad. The load on the nold is held for 2
mn. The pressure is slowy released. Athin transparent pellet is
fornmed. The pellet should be of uniformdistribution and the faces
shoul d be parallel. There are also several mni-type presses used
to press pellets by hand pressure. The pellet nethod finds the nost
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applications. The nethod is especially useful when conparing a
sanple with a reference standard for identity.

5. Dianmond anvil technique. This consists of sinply nounting
a crystal or small portion of pure material on a di anond nount.
The spectrum of the material is recorded where the di anond nount
touches the crystal. It is useful for only pure materials and is
used with the Fourier transforminfrared instruments.

6. Refl ectance technique. This technique is used to obtain
spectra of difficult to handle material such as paints, fabrics,
can liners, etc. Spectra is obtained only of the surface of the
sanple material in contact with the sanple holder wich is usually
a thallous brom de-iodide (KRS-5) trapazoi dal shaped crystal. The
sanple material is applied to the crystal to formthe best contact
possi ble before the spectrum is attenpted. Drug sanples are
usual | y evaporated onto the surface froma suitable sol vent.

The KRS-5 crystal is held in a special holder which fits into
the cell conmpartnment. It is not used nuch in the drug | aboratory.

7. Gas Measurenents. Gases are usually introduced into a gas
cell which also is specially designed to fit into the sanple
conpartnent of the infrared instrunent. By adjustnment of the
mrrors in the cell, path lengths of up to 10 neters can be
obtai ned. This technique is also unconmon in the drug | aboratory.
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QUANTI TATI VE | NFRARED SPECTROSCOPY

| nfrared Spectroscopy is based upon the anount of absorption of

the material and upon the principles of Beer's Law The
nmeasurenents are nade by transm ssion which is the ratio of the
intensity of the light passing through the sanple to the intensity
of the initial light which is expressed as T=1/10 and the percent
transmssion is the ratio nultiplied by 100 which is the manner
that the spectumis displayed. (See note). The FTIR instrunments
di splay the spectrumin either transm sion or absorbance nodes.

Beer's |law states that | og of the recipocal of the transm ssion
is linear with concentration. The law is expressed as:

A=abc

where A is the absorbance and a and b are constants for any given
condition and ¢ is the concentration. The "a" is the absorption
coefficent and "b" is the optrical path length. The expression
reduces itself to Y=mX + b (the equation for a straight line).
This relation holds for nost substances over the dilute range but
devi ates at the higher concentrations. Even with small deviations,
the concentration of the analyte can be determined from a
calibration curve based upon a second or third order pol ynon na
equati on.

Note: Transm ttance neasurenents mnust be converted to
Absor bance before quantitative cal cul ati ons are nade! The attached
tabl es pOrovide a sinple neans of converting the nmeasured percent
transm ssion to absorbance w thout maki ng any cal cul ati ons.

The Absorbance is obtained by the relation A=logl0(1/T) where

A= Absor bance and T= Transm ssi on
USE TRANSM SSI ON TO CALCULATE ABSORBANCE AND DO NOT USE PERCENT
TRANSM SSION.  FTIR Infrared Instrunents are capabl e of measuring
the transm ssion or the absorbance as a function of wavel ength

expressed as wave nunbers (cm1l). The wavel engt hs covered by
nmonochromat or i nstrunments depend upon the type grating or the al kyl
halide sanple matrix or sanple hol der. Prism instrunments scan

wavel engt hs dependi ng upon the dispersion of the al kyl halide prism
while diffraction instrunments depend upon the grating ruling.
| nstrunments of these types nmust synchronize the nmonochronetor with
t he wavel ength markings on the chart. FTIR instrunments cover a
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wi de range from 7800 to 100 cm 1l because all wavel engths are
separated and the range is determ ned by the IR source. The FTIR

instrunents are controlled by a | aser which automatically sets the
wavel engt h and no synchroni zation i s necessary.
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Summary of Quantitative Analysis in IR
Summary of the steps needed to do quantitative analysis by IR

Sel ect anal yte absorption band.
Choose sol vent
Get concentration range and pat hl engt h.
Measure reference solutions.
. Construct a calibration curve of absorption versus wave
nunbers (Not in every case).
6. Determ ne unknown concentrati on.

GhwnPE

Setting the concentration and the path |l ength should be nmade so
that the transm ssion of the sanple lies between 20 and 80 % |If
either the concentration or the path length is too great, sone of
t he stronger bands will bottom out and sone absorption bands coul d
be m ssed. If the transmission is too |large, then the response
fromthe sanple may not have sufficient absorption to show sone of
the |l ess intense absorption bands.
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LABORATORY EXPERI MENT. Assay and ldentity of Meprobamate in
Tabl et s

Anal ysi s of Meprobamate Tablets. Oficial Methods of Analysis
(AQAC) Book of Methods, 14th ed., 1984, p. 699. (nodified for the
pur pose of this training).

obtain fromyour supply source a sanple of USP Meprobamat e

Ref erence Standard and Meprobamate tablets. The Reference Standard
should be dried according to the label on the standard bottle.
Since tablets contain sone excipients as well as the main drug, it
IS necessary to separate the main drug fromthe excipients because
all components of the tablet will contribute to the IR spectrum
In sone cases,the bands from the active ingredient may be in an
area free fromexcipient interference and you can take advant age of
this.

PROCEDURE

Preparation of sanple solution. Obtain the average tablet weight
using 20 tablets(ATWin ng). Reduce the tablets to a fine powder
with a nortar and pestle and sieve through a 60 nmesh drug sieve.
M x the powder thoroughly. Take a portion of the powder equival ent
to 100 ng of Meprobamate and place in a 100 ml volunetric fl ask.
Add 50 ml of anhydrous chl orof or m{ SEE NOTE FOR PREPARATION). Pl ace
in an ultrasonic bath for 15 mnutes with

frequent agitation or shake for 20 mnutes. Add anhydrous
chloroform to volunme and m x. The drug and the excipients are
separated on the basis of solubility since nost excipients will be

insoluble in the chloroform Wth a 10 nL hypoderm c syringe draw
up the solution and then filter a portion through a 25

mm Nylon filter of 0.45 mcron porosity discarding the first 1-2
m. Fill the IRcell with the next portion of filtrate.

NOTE( Pr epar ati on of Anhydrous Chl orof orn

1. The chloroformis washed using equal volunes of water in
a separatory funnel and shaking for one mnute. Discard the upper
| ayer. The washed chl orof orm nust be used within 2 days. |[|f not
used within the tine [imt, the chloroformnust be rewashed.

2. Filter the washed chlorof ormthrough a bed of anhydrous
sodium sulfate to obtain the anhydrous chl orof orm

103



Prepare a standard sol ution of USP Meprobamate of 100 ng/ 100 n
i n anhyd. chl orof orm

Bef ore transm ssion neasurenents can be nmade, it is necessary to

calibrate all nonochromator instruments using a film of
pol ystyrene(normal |y supplied with the instrunent). The pol ystyrene
bands should correspond to the wavel engths on the chart. [If the

wavel engt hs do not match, then you nust adjust the chart drive to
correspond to the nmonochromator. Calibration is not necessary with
FTIR instrunents since the wavel engths are set by a | aser and the
pol ystyrene spectrumis stored in the instrunent nenory.

Scan the sanple and standard solutions in 1.0 mm sodi um chl ori de
mat ched cells from5.0 to 6.5 mcrons (2000 - 1540 cm 1) agai nst
anhyd. chl oroform as the reference. Make 3 scans of the sanple and
standard and average the results. Make sure that you select the
right cell thickness with a spacing of 1.0 mm Cells with |ess
spacing wll not give enough absorption to show a suitable
spectrum After conpleting the IR scans, thoroughly rinse the cel
with chloroformto renove all traces of the sanples. Any renaining
conmpounds will show up in future nmeasurenents. Store the cleaned
cell in a dessicator.

Cal cul at e nmeprobamate by subtracting Absorbance at 5.5 microns
(1818 cm 1) from Absorbance at 5.82 mcrons (1718 cm 1) and conpare
with the standard. Conpute the percentage of neprobanate by the
follow ng relation
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| DENTI FI CATI ON OF MEPROBANMATE

Filter the renmaining solutions of sanple and standard to renobve
any insol uble excipients. Take about 25 m of assay solution and
evaporate to dryness on a steam bath. The evaporation is best
carried out as foll ows:

1. Put the 25 nL of solution in a 100 nm. beaker and evaporate
to approximately to 5 mi.

2. Transfer the partially evaporated solution to a snal
testtube and continue evaporation until all visible solvent has
di sappear ed.

3. Dry the residue in a vacuum oven at 60EC for 3 hours.

Cool and wei gh about 2 ng of the residue and mx with 98 ng of KBr
in an agate nortar. Gind until honogeneous. Prepare a pellet of
the m xture using either the hand held mni-press or the Carver
press. Munt the clear transparent pellet in a holder and record
the infrared spectrum (Note the positioning of the cell so that
t he standard and sanple can be run with the sane cell orientation).
Conmpare with a standard prepared simlarly.

The infrared spectra should match in every respect.

When you conpare the spectra of the standard and the sanple,
you shoul d have at | east as nmany absorption bands in the sanple as

in the standard. ldentity should never be established on fewer
bands. |[|f the bands do not match, then why not. Renenber that any
ot her conponents will contribute to the spectrum In the case of

drug anal ysis, the cause is usually associated with the presence of
exci pi ents.

ERRORS | N | NFRARED ANALYSI S

1. Quantification is difficult when the sanples are prepared
by the null or pellet methods.

2. Obtaining a honbgeneous m xture of the sanple either in
the mull or pellet.

3. Separating the individual conponents of a m xture because
of conplicated spectra and over | appi ng absorbance bands.

4. Making the pellets with parallel faces wi thout striations.

5. The infrared nethod is not as sensitive as other nethods
and can not be used to detect trace anmounts. Hi gh precision can be
obtained but the accuracy nmay suffer when conpared to other
nmet hods.

6. Solubility problens especially with the pol ar drugs.

7. Absorption band used for quantification nust be isol ated
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and free frominterference.

8. Measurenents made in transm ttance node nust be converted
to absorbance before cal culating results.

9. Liquid cells of matched thickness are needed for
gualitative and quantitative results.

10. Excipients in the forrmulation interfere with the assay or
identity.
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SECTION VI I']

DI SSOLUTI ON
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DI SSOLUTI ON TRAI NI NG MODULE

Most drugs in the formof tablets or capsules are required to

di ssolve in the body within a certain time. Many of the tablets
have a coating to achieve a certain tine or place of release in

t he body. Dissolution neans the dissolving of the solid drug in
the formulation into a specified nmedium (solvent). Soft capsul es
may or may not have a dissolution specification because this form
of dosage usually contains a |iquid.

The contai ner of conmercial tablets or capsul es bears | abeling
whi ch indicates the amobunt of active drug per unit. The result
of the dissolution neasurenent in the USP XXI| is expressed as
"@', which is the percentage of the | abel ed anbunt of active drug
rel eased in the specified tine.

Met hods have been devel oped for neasuring dissolution by using
wat er or sinulated body fluid m xtures. The in-vitro dissolution
test correlates closely with the ability of the drug to dissol ve
in the human system Some drugs require that solubility be
nmeasured as a function of time; others specify a fixed time only.

This nmodule is ained at assisting the analyst to devel op the
necessary skills for measuring drug dissolution in a quantitative
manner .

The follow ng references forma part of the training and should
be studied before the | aboratory portion of this nodule is
per f or med:

1. Cox, D.C., Furman, WB., More, T.W, and Wlls, CE

Qui delines for Dissolution Testing: An addendum Pharmaceuti cal
Technol ogy, Vol .8, No. 2, February 1984, pages 42-44 (copy
attached) *.

2. USP XXI'I, &711i, page 1578, descri bing DI SSOLUTI O\.

The MOC wi || have the Hanson dissol ution instrument which
consi sts of three basic conponents, as foll ows: DDA
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1. Tenperature-controlled bath set at 37 % 0.5EC. The water
I evel in the bath should be adjusted to just below the water
level in the kettle when either 500 or 900 nL is used inside the
kettl e.

2. Six covered kettles, each 1000 nL capacity with a
hem spherical bottom The kettles may be either transparent
gl ass or plastic.

3. Variable speed stirrers. Al stirrers operate at the sane
speed and are driven by a belt and gears.

Di ssol ution can be nmeasured by two different nethods: (1) the
basket nethod and (2) the paddl e nethod. The USP designates the
basket nethod as "Apparatus 1" and the paddl e nmethod as

" Appar at us 2".

* Perm ssion to copy granted by Pharmaceutical Technol ogy.
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| NSTRUVENT SETUP

Setting up the instrunent and aligning the systemis the nost
i mportant step in dissolution neasurenments. Follow the procedure
careful ly.

PRELI M NARI ES

Bef ore begi nning the instrunment setup, obtain the foll ow ng
standards and dry them according to instructions of the USP

1. USP Aspirin Reference Standard.

2. USP Salicylic Acid Calibrator Standard (non-disintegrating
type).

3. USP Predni sone Calibrator Standard (disintegrating type).
Store all standards in a desiccator until the analysis is
conpl et e.

. ALI GNMENT OF DI SSOLUTI ON UNI TS

A. Adjust the bottomof the unit until the base is level, as
i ndi cated by a bubble |evel.

B. Level the individual kettles by placing tape underneath each
kettl e.

1. The Hanson unit, kettles and kettle positions are nunbered 1
to 6, starting fromthe front of the unit, left to right, then
the back of the unit, left to right.

2. dass kettles are not interchangeable. Once |eveled, they
shoul d be marked and fromthen on placed in the sanme hole of the
i nstrunment facing the same direction.

C. Wth a bubble level, make the paddl e or basket shafts verti cal
by using the adjustnments on the sides and the back of the Hanson
di ssolution unit.

D. Center the Hanson units.
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1. Center the kettles with the centering tool for the Hanson
units.

2. Put water in each kettle to keep it fromfloating if water is

in the dissolution bath. |If the shafts are teflon-coated, turn
t hem upsi de down. Place a centering tool on each shaft; lower it
several tinmes on top of the kettle until it centers. Tighten the

three retaining rings.
3. Plastic kettles are interchangeable after centering.

4. G ass kettles are not interchangeable. Once centered they
shoul d be marked and fromthen on placed in the sanme hole of the
apparatus, facing the sanme direction.

E. Adjust the height of each shaft to 25 %2 mmfromthe bottom
of the paddl e or basket to the inside bottomof the kettle, using
a depth gauge. On the Hanson unit, set the | ower collar on each
of the three stainless steel rods 4.5 cmfromthe base of the
unit. On both units, |ower the assenbly to rest on the collars.
Pl ace the depth gauge on the bottom of each kettle, |ower the
paddl e or shaft containing the basket to the top of the gauge,
and tighten the shafts. Wen using baskets, nmark their positions
by wrapping tape on the top of the shafts .

F. Keep the vibration of dissolution apparatus to a m ni num

1. The external heater/circulator nust not touch the dissol ution
appar at us.

2. The dissolution apparatus notor or other notors nearby nust
not cause shafts to vibrate.

G Make sure that the belt drive of the apparatus rotates
snoothly; oil, grease, or change bearings if necessary.

H Fill the dissolution water bath so the level is just below the
water level in the kettles when they are filled with 500 or 900
m.

|. Add Clear Bath (part nunber 105540, Spectrum Medi cal
| ndustries, Inc., 60916 Term nal Annex, Los Angel es, CA 90060),
5-6 drops per gallon, to the bath to prevent al gae formation.

J. If desired, put the holding tank heater and the heaters used
for the Hanson and Distek unit on tiners so that the water is
pr eheat ed when you cone in.
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| I . PREPARATI ON OF DI SSOLUTI ON MEDI UM FOR RESPECTI VE DRUG
A. Degas all dissolution nmediumdaily, as follows:

Fill a glass carboy with up to 18 liters of dissolution medi um
(the USP net hod specifies the nmedium for each drug), and pl ace
the 2-hol ed stopper with the two pieces of glass tubing into the
carboy (the carboy nust have some glass tape on the outside to
prevent inplosion). Turn on the vacuum allow air to be

i ntroduced into the bottom of the carboy, set the pressure to
140- 150 mm nercury, and degas for at least 20 mnutes with a high
vel ocity vacuum punp (low velocity systenms will not work).

B. Treat the degassed nedium as foll ows:

1. Siphon the degassed nmediuminto six 500 or 900 nL vol unetric
flasks, filling to the mark. Place in a water bath at

approxi mately 38EC until the nediumequilibrates (approximtely
20 m nutes).

2. Slowy pour the contents of each flask of the equilibrated
medi um down the inside walls of the dissolution kettles. This
hel ps prevent splashing and introduction of air into the kettles.

3. Check the tenperature of the dissolution nmediumin the kettle.
The tenperature nmust be 37 % 0. 5EC before the test begins.

I11. PROCEDURE FOR SAMPLE DI SSOLUTI ON BY THE BASKET METHOD
( APPARATUS 1)

A. Place one tablet in each basket and attach to the basket
shaft. When the baskets are out of the bath, they are in the up
posi tion.

B. Start rotation, check the revolutions per mnute (rpn) of the
shaft with a stopwatch, and adjust if necessary.

C. Lower basket shaft #1 to the preset depth into kettle #1 and
| ower each of the next nunbered baskets into its kettle at 1
mnute intervals thereafter.

D. Place the evaporation cover on each kettle.

E. At the end of the specified dissolution tinme wthdraw an

al i quot of dissolution nediumfromkettle #1. (NOTE: The
foll ow ng steps described in section E are for nmanual operation.)
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1. Using a 50 nL syringe with a glass cannula (a cannula is a
smal|l tube for insertion into another vessel), wthdraw
approximately 50 nL at a point mdway between the top of the
paddl e and the top of the dissolution nediumand m dway
between the shaft and inside wall of the kettle.

2. Take off the cannula and attach a plastic filter hol der
containing a 0.45 mmfilter (the filter nust be

wat er-conpatible). Discard the first 10 nL of the filtrate and
collect the rest.

3. Repeat steps 1 and 2 above at 1 mnute intervals for the
remai ni ng kettles, using clean syringes and filters for each
kettl e.

4. Rinse the shafts with deioni zed water and 95% al cohol, and
wi pe with a Ki mv pe.
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5. Enpty the kettles and rinse the paddles, kettles, syringes,
filter holders, and cannulas wi th deionized water and 95%

al cohol. Place the syringes, filter holders, and cannulas in a
dryi ng oven to speed evaporation if desired.

6. Analyze all sanples by the nethod described in the USP. (In
automated nethods, the sanple is automatically analyzed at the
end of each dissolution period.)

| V. PROCEDURE FOR SAMPLE DI SSCLUTI ON BY PADDLE METHOD ( APPARATUS
2)

A. Place all paddles in the kettles.
B. Place the evaporation covers on the kettles.

C. Start rotation, check the rpmof a shaft with a stop watch
and adjust the speed if necessary to within % 4% of the desired
rpm

D. Drop the first tablet in kettle #1 and drop another tablet in
kettles #2, 3, 4, 5, and 6, respectively, at 1 mnute intervals
t hereafter.

E. Performsteps 1-6, section IIl E

The use of the USP calibrator tablets do not indicate proper
equi pnent setup for the paddl e nmethod as shown by Cox, Fur man,
Moore, and Wl |l s1l.

V. ANALYSI S OF THE DI SSOCLVED DRUG

The USP specifies the nmethod of analysis, usually by either

UV/ vi si bl e spectroscopy or HPLC. In either case, use aliquots of
the coll ected sanples. See the training nodules for either

UV/ vi si bl e spectrophotonetry or HPLC to obtain operational
experti se.

VI . REFERENCES
For additional information on dissolution, see USP XXI, pages

1243- 1246, 2464- 2466, and 3079-3082, and "Cui delines for
Di ssol ution Testing: An Addendunt by Cox et al. (attached).
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APPARATUS SUI TABI LI TY TEST

After the dissolution apparatus is set up, it nust be calibrated
with USP calibrator standards. Use both the USP disintegrating
type (Prednisone 50 ng, current |ot) and the non-disintegrating
type (Salicylic Acid 300 ng, current lot) at 50 rpmw th
Apparatus 1 (basket). Use Tables 1 and 2 for the preparation and

suitability requirenments. |If the results fall outside the
specifications for standard solute (Table 3), check the apparatus
and solvent to find the source of the trouble. |If the results

are acceptable, proceed with the sanple of aspirin tablets by the
method in USP XXI'l, pages 113-114.

PREPARATI ON OF STANDARDS FOR SUI TABI LI TY TEST

The following is a guide for the preparation of standard
solutions and the dilutions (if needed) for the analysis of the
calibrator tablets. The guide is given for Apparatus 1 and 2 at
50 rpm

PREDNI SONE

Prepare a 25 ng/25 nmL stock solution of USP Predni sone Reference
Standard in 50% et hanol .

Prepare 12 liters of deionized water and degas as for a
di ssol uti on medi um

Make all dilutions with the dissolution medi um and neasure the UV
absorbance at 242 nm Use the dissolution nedium as reference
for W. The percent of prednisone is calculated by the relation:

(Cs) X (Au/As) X (2 m/200 nmL) X (900 nL/50 ng) X 100 = %
Pr edni sone

where: Cs = concentration of standard predni sone, ng/25 nL
Au = absorbance of the sanple
As = absorbance of the standard.
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SALI CYLI C ACI D

Prepare 9 liters of pH 7.4 buffer by weighing and m xing 61.25 g
of potassi um phosphat e nonobasi ¢ and 27.23 g of 50% aqueous NaOH
solution. Use a pH nmeter to adjust to pH 7.4, if necessary.
This buffer is the dissolution nedium

Prepare a 25 ng/25 nmL stock solution of USP Salicylic Acid
Ref erence Standard in 95% et hanol

Make all dilutions with the dissolution nmedium Measure the W
absorption at 296 nm Cal culate the percentage of salicylic acid
by the rel ation:

(Cs) X (Au/As) X (3 m/200 nmL) X (15 nmL/50 nL) X (900 ni/ 300
nmg) X 100 = % Salicylic acid

where: Cs = concentration of standard salicyclic acid,
ng/ 25
Au = absorbance of the sanple
As = absorbance of the standard.

If the calibrators show that the apparatus requirenents are net,
proceed with the aspirin dissolution test. Use the procedure for
aspirin tablets described in USP XXl I, page 113. Make up 9
liters of an acetate buffer for the dissolution medi um by

wei ghing 26.91 g of sodium acetate trihydrate and 14. 94

mL of glacial acetic acid and diluting to the required vol une
wi t h dei oni zed wat er.

Prepare a standard sol ution of aspirin by weighing an anount of
USP Aspirin Reference Standard approxi mately equivalent to 100%
di ssolution (i.e., 325 ng of aspirin in 500 nL of acetate buffer
equals 65 ng per 100 nlL) into a 100 nL volunetric fl ask.
(NOTE- - Do not exceed the 65 ng weight.) You may use sone

al cohol to dissolve the pure aspirin, but do not exceed 1% based
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upon the final concentration. 1In this case, add 1 nL of al cohol
to the wei ghed powder, and dilute to volune with the acetate
buffer.

Performall dissolution tests in units of six tablets. Wen the
criteria are nmet at any stage, do not perform any further

testing. |If there is failure at any stage, proceed to the next
stage of testing until all three stages have been conpleted. The
sanple is not considered to fail to neet specifications

until all three stages of test have been conpleted. If one or
nore tablets fall below @25, or if nore than two tablets fal
bel ow Q@ 15, stop the test after 12 units. A mninmumof six units
and a maxi mum of 24 units are required for any acceptance or
rejection of the drug.

Sanpling may be done nmanually or automatically. |If automatic
sanpling is available, the tinme of sanpling nmust be entered into
t he program before neasuring (see the discussion under

Hew ett - Packard Automatic Sanpling System). The dissolved sanple
and the standard are neasured by UV at 265 % 2 nm

The ampunt dissolved is calculated by the relation:
(Cs) X (Au/As) X (500 nlL/325 ng) X 100 = % Aspirin
where Cs concentration of standard aspirin, ng/ 100 nL

Au = absorbance of the sanple
As = absorbance of the standard.

The acceptance criterion for aspirin is 80%dissolved in 30
m nut es.
USP defines the anpbunt dissolved as a percentage of the |abel ed

anount of the active ingredient as "Q'. Al dissolution
nmeasur enents have an acceptance criterion as shown in the Table .
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ACCEPTANCE CRI TERA FOR DI SSCLUTI ON

Stage No. sanples tested Criteria

S1 6 Each unit not less than (Q + 5%

S2 12 Average of 12 units (S1+ S2) is
equal to or greater than Q and no
uni t

| ess than (Q -15%

S3 24 Average of 24 units (S1+S2+S3) is
equal to or greater than @ not nore
than 2 units less than Q -15% and no
unit less than (Q -25%.

DI SSOLUTI ON BY APPARATUS #2

If time permts, test the calibrators and aspirin sanple by the
paddl e procedure.

Many of the USP dissol ution nethods specify Apparatus #2, which
is the paddl e nethod. The setup of the instrument and the
alignnment of the kettles and shafts are the sanme as those
specified for the basket nethod. The difference is in the manner
of introducing the sanple into the nmedium and the type of
stirrer. Al other operations are the sane as these descri bed
for the basket nethod.

Drop the tablets down the side of the kettle. Munt each capsule
in a helix-shaped wire holders and drop them down the side of the
kettle so that the capsule will sink. After aligning and filling
the kettles with the nmedium lower all stirrers into the nmedi um
and start rotation. Set the stirring speed to within % 4% of the
designated rate with a stopwatch. Drop the first tablet (or

wei ghed capsul e) down the side of kettle #1. After a short

delay, e.g., one mnute, drop the next tablet into kettle #2 and
so on, until all six sanples have been added to the respective
kettle. Sanple each kettle and filter after the dissolution tine
i s reached.
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When all six sanples have been conpl eted, wash off all stainless
steel parts of the apparatus with deionized water and rinse them
with 95% al cohol. Dry the parts with a KimM pe. Wien using acid
di ssolution nedium do this imediately after conpleting the test
to prevent corrosion.

SUMVARY OF STEPS | N DI SSCLUTI ON

1. Dry the standards.
2. Set up the instrument and align all conponents.

3. Prepare the dissolution nmediumfor salicylic acid
(phosphate buffer, pH 7.4) for instrument suitability and degas.

4. Prepare a standard solution of salicylic acid in
di ssolution solution, and performthe dissolution test on the USP
di ssolution standard (non-disintegrating type). Measure the
anount of salicylic acid by UV at 296 nm

5. Prepare the dissolution nediumfor predni sone (deionized
wat er) and degas.

6. Prepare a standard solution of USP Predni sone Reference
Standard in dissolution nmedium and performthe dissolution test
on the USP dissolution standard (disintegrating type). Masure
t he amount of prednisone by UV at 242 nm

7. Determine the instrunent suitability. If instrunent
standards are not net, determ ne the cause.

8. Prepare the dissolution solution for aspirin (acetate
buffer, pH 4.5) and degas.

9. Prepare the aspirin standard, using 1% al cohol, and
performthe dissolution test on aspirin, using Apparatus |
(basket). Measure the amobunt of aspirin by UV at 265 nm

10. Calculate the results.

11. Determine if the sanple nmeets USP specifications.
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12. Repeat all of the above steps, except those for the
standard preparations, using the Apparatus Il (paddle nethod).

120



