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Sample Preparation:

Sample preparation s a key procedure in modern
chemical analysis. By some estimates, 60 80% of the
work activity and operating cost in an analytical lab is
spent preparing samples for introduction into an
anahrtical device.

Solid Phase Extraction (SPE)

Solid Phas e Extraction (SPE) is the most widely used
sample preparation technique in the analysis of new
pharmaceutical compounds and metabolites in blood,
serum and urine.

« SPE isnecessary to remove interfering matrix constituents such as proteins and quantify to pg/mL
levels, particularly for metabolites and bioactive drugs.
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Strategies for Solid Phase Extraction

Active substance can be:

1- Unretained, while m atrix interferences
are adsorbed

2- Retained, while m atrix interferences are
washed through

o Thefirst strategy is usually chosen when the desired sample component is present in high
concentration. When components of interest are present at low levels, or multiple components of
widely differing polarities need to be isolated, the second strategy is generally employed. The
second strategy may also be used for trace enrichment of extremely low level compounds and
concentration of dilute sample. A complex matrix may be treated by both elution strategies to

« isolate different target analytes.
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Solid Phase Extraction Cartridges:
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« SPE istypically performed by loading the complex sample onto a preconditioned extraction
cartridge containing a chromatographic sorbent.
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Vacuum Manifold
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Three major purposes

Sample Concentration: Enrichment
Frequently, the component of interest is present in levels too
low for detection. Sample preparation can concentrate the
component to adequate levels for measurement.
Contaminants
The presence of interfering matriz elements can mask the
analysis of the component of interest. Sample preparation can
remove excess contaminants to yield clean, informative
chromatograms.
Bring to Solution
For most analyses (HPLC, GC, spectrometry, RIA, etc), the
sample must be properly prepared in solution for subsequent
analysis.
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Nomal Phase: General Elution Protocol

1 You may condition the cartridge with six to ten hold-up
volumes of nonpolar solvent, usually the sample
solvent.

Load the sample into the cartridge.

Elute unwanted components with a nonpolar solvent.
Elute the first component of interest with a polar solvent.
3 Eluteremaining components of interestwith

progress ively more polar s olvents.

6 When you recover all of your components, dis card the
used cartridge in an appropriate manner.

e L fea

* Depending upon your chromatographic conditions, you may also use CH asa
packing materid for norma phase chromatographoy.
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Reversed Phase: General Elution Protocol

1 Solvate the bonded phas e with six to ten cartridge hold-up
volumes of methanol or acetonitrile. Flush the cartridge

with sixto ten hold-up volumes of water or buffer. Do not

allow the cartridge to dry out.

2 Load the sample dissolved in strongly polar sohrent.

3 Elute unwanted components with a strongly polar solvent.

4 Elute weakly held components of interest with a less polar
solvent.

5 Elute more tighthf hound components with progressively

more nonpolar s olvents.

b When you recover all of your components, discard the used
cartridge in an appropriate manner.
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lon-Exchange: General Elution Protocol

1 Condition the cartridge with six to ten hold-up volumes of

deionized water or weak buffer.

2 Load the sample dissolved in a solution of deionized

water or buffer.

3 Elute unwanted weakly bound components with aweak
huffer.

4 Elute the first component of interest with astronger huffer
{change the pH or ionic strength).

5 Elute other components of interest with progressively
stronger huffers.

6 When you recover all of your components, discard the

used cartridge in an appropriate manner.
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Chromatographic Modes and Sorbent Types
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Comparison to liquid-liquid extraction
Faster sample prep - average time cut by 273

Lower cost - less solvert and reagent consumption means less
hazardous waste

Greater recoveries - minimal sampl e transfer

Greater accuracy - nNo Cross contarmination

Less sample handling - no ermulsion problems
Reduced hanm to labile samples - minimal evaporation

Improved safety - dueto reduced solvent/sample exposure and
il assware
Easy automation - simultaneous batch processing of multi-samples
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Important Considerations in Protocol Design

Flow Rate
Conditioning flow rates: upto 25 mL/min
Sample loading and elutiore  flowrates below 10 mL'min.

lon exchange: slower flowrates (1-2 mL/min} are recommended.

Sample Capacity

A typical normal or rev ersed-phase cartridge may have capacityfor up to
100 mg of very strongly retained substances. Hote: this quantity inc ludes
ev efy substance that may be strongly retained in any given sample, not
just the component of interest!

Guide: k'= retention parameter = capacity ratio

Published by Lotus® Freelance Graphics®

file://IC|/Documents and Settings/levin/My Documen...yDocuments/homepage/Tripod/SPE_site/SPE_site14.htm [24-Apr-2002 10:38:56 PM]


http://www.lotus.com/

"ideal spel”

fihlons @ »

The ideal solid phase extraction method:

High and reproducible recoveries for acidic, basic, and
neutral analytes.

|solates and allows quantification to pog'mlL

concentrations of drugs and metabolites from
hicfluids.

Fugged and easy to autormate for large volumes of
samples.

Fast and cost efficient.
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Solid Phase Extraction

¢ Same Theoretical basis as HPLC.
+ Retention and selectivity unaffected by particle size
» Efficiency dependent an:
s particle size
# column geametry (extra-column effects)

Typical Number of plates:
+«HPLC  ~10,000
+ =FE =50

« Minimum Selectivity (alpha), for Rs =1.2
+HPLC  1.06
+ SFPE 3.95

e 45
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How much of surface is used for adsorption of analyte?

Calculate maximum surface coverage on C18 Sep-Pak

. Mass sorbenticartridge =100 mg

Surface area ~ 300 rzig ~ 30 m2icartridge

18 Coverage ~ 3 pmol/m2 ~100 pmalidevce

Azzume one Z18 ligand can bind one molecule of analwte

Maxim um coverage ~ 100 pm alicarthidge

Assume anahte NW=200

Maximum mass load ~20 mg for full surface coverage

o 46
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Differences between HPLC and SPE

HPLC SPE

Particle size ~3 pm 4080 pm
Packed hed efficiency high low
Extra-column volume low high
Column length 5-30 cm ~1 cm
Number of plates (N} ~5,000-10,000 < 50

Bottom line: HPLC can separate similar compounds.

=FE requires a significant selectivity difference betieen
compounds for separation.

e 8
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SPE Strategies

+ Elute the product of interest, retain interferences
» want & ~ 0 for analyte
« want k" large for interferences
L
+ Elute interferences, retain product
« want k' ~ 0 for interferences
« want k' large for analyte

s

Cm

o 11
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Common Problems in SPE

+ Incomplete rem oval of interferences

+ Low recovery of analyte(s)

+ High variahility

o 12
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SPE procedure

Sample
‘ Prepare: Hormogenize, suspend,
centrifuge, etc.

Leoad onto conditioned cartridye

Wash off weakhy retained substances
wath wealk sobvent

Elute productwath strong salvent

Analyze:
HPLC, GC, etc.

o 13
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Step 1 - Sample Preparation

Sample

* g Prepare: Homogenize, suspend,
: centrifuge, etc.

Load onto conditioned cartridge

Elute product with strang solvent

Analyze:

HFLC, & C, ete.

e 14
o tep 1- Sample Preparation
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Step 1 -Sample preparation

« Typical problems
+ Adsorption to testtube walls

+ Adsorption to or inclusion in matrix
solids

s Possible solutions
» Use silanized or plastic test tubes
* Homogenize more completely

* Add organic s olvent to matrix

e 15
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Step 2 - Sample load

Sample
Prepare: Homogenize, suspend,
centrifuge, etc.

Load onto conditioned cartridge

Elute product with strong solvent

« 16
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Step 2 - Sample Load

Possible problems Solutions

« Improper conditioning of »Condition catridge as
cartridge approprigte. Do not et dry.
= Poor analyte retention = Dilute with wesker solwent use

= Matrix v ariability =Buffer sample to constant pH,

ionic strength

= Volume overdoad

= Ma== overload ,
larger cartridge

o« 22
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Step 3 -Wash

Sample

e Frepare: Homogenize, suspend,
A centrifuge, etc.

Lo=d anto conditioned carridge

Elute product with strong =

Analkyze:
HP L|::I,}IE1' C, etc.

o« 23
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Fossible
*Foor analye retention

sample to constant

= Matrix wariability pH, ionic strength

j - I:l BECIBISE |I:I | Ij Wi I Urme | =
I larger cartridge

olurme overloa

.y sihEs »Decrease load volume, use

o« 24

Published by Lotus® Freelance Graphics®

file://IC|/Documents and Settings/levin/My Documen...yDocuments/homepage/Tripod/SPE_site/SPE_site29.htm [24-Apr-2002 10:39:06 PM]


http://www.lotus.com/
file:///C|/Documents and Settings/levin/My Documents/0MyDocuments/homepage/Tripod/SPE_site/SPE_sitep29.htm#pgbot
file:///C|/Documents and Settings/levin/My Documents/0MyDocuments/homepage/Tripod/SPE_site/SPE_sitep29.htm

"Step 4 - Elute"

@ « » BB

Step 4 - Elute

Sample

o FPrepare: Homogenze, suzpend,
A centrifuge, etc.

o ' Lo=d anto conditioned cardridge

fash off wee 3 by
h we 3 ent

Elute product with strong =:

HPLEC, GLC, etc.

e 25
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Step 4 - Elution

Possible problems Solutions

|:. ] '_tr||r||1|—'r |-|||_|'t|||” o -Il""'“t
= Too strong retention rease volume of elution

2 pH of elution saolven
H-bondin 1
alvent, inc B
anic s rwruqth add l:l:lrr peting
armine

-l EILIES CLE ing =Change mode of SPE separation
during anal

e 33
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The Silica Surface

Silznophilic Intersctions

Powr whine: 1 colz
Degee of hdmaxation 6-2 pmaolim
atarnmarts: Fe, &1 Ha Ca

o« 27
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Mixed Mode Effects

« Silica surface prior to bonding
+ B-5 pm ol silanols per square meter
- Bonding chemistny

2-4 pmol bonded phase per aguare meter

« Thus chromatogra phic surfaces range from  33% to 75% sillanols
(25% to 67% alkyl =silanes)

o« 28
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Incom plete Rem oval of Interferences

(senerally due to sirmilar retention behaviar of
Interteren

Examine method:
+ Does pHAonicstrength affect s electivity?
+ Adjust wash protocol

+ Elute more wea kly retained i merferences, but mot
analyte
+ Adjust elution protocol
* Elute analyte, but not more strongly retained
interferences
+ Use different SPE s orbent with different
“chromatographic handle™

o 41

Published by Lotus® Freelance Graphics®

file://IC|/Documents and Settings/levin/My Documen...yDocuments/homepage/Tripod/SPE_site/SPE_site34.htm [24-Apr-2002 10:39:09 PM]


http://www.lotus.com/
file:///C|/Documents and Settings/levin/My Documents/0MyDocuments/homepage/Tripod/SPE_site/SPE_sitep34.htm#pgbot
file:///C|/Documents and Settings/levin/My Documents/0MyDocuments/homepage/Tripod/SPE_site/SPE_sitep34.htm

"Low Recovery"
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Low Recovery

» Poor conditioning procedure

* Poor adsorption of analyte {volume overload)
» Mass overload

» Incomplete elution

» Adsorption of analyte to matrix
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"variability"
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High VYariability f Poor Reproducibility

« Lot-to-Lot variability in sorbent chemistry
« Variability in matrix

+ pH

+ lonic strength

+ Specific f Non-specific adsorption
« Method / Procedure not robust

« Operator variability

o 43

Published by Lotus® Freelance Graphics®

file://IC|/Documents and Settings/levin/My Documen...yDocuments/homepage/Tripod/SPE_site/SPE_site36.htm [24-Apr-2002 10:39:10 PM]


http://www.lotus.com/
file:///C|/Documents and Settings/levin/My Documents/0MyDocuments/homepage/Tripod/SPE_site/SPE_sitep36.htm#pgbot
file:///C|/Documents and Settings/levin/My Documents/0MyDocuments/homepage/Tripod/SPE_site/SPE_sitep36.htm

"Conclusions"
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Conclusions

+ SPE is fundamentally liguid chromatography
« [ypically less than 50 plates
+ Alpha greater than 4 required
+ SilanolM xed mode interactions

+ M admize analyte retention for adsorption

+ Minimize analyte retention for elution
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