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Abstract
TThhee bbiioollooggiiccaall ssaammpplleess aarree tthhee bbooddyy fflluuiiddss iinn wwhhiicchh tthhee aannaallyyssiiss ooff ddrruugg iiss rreeqquuiirreedd ttoo ddeetteerrmmiinnee tthhee eeffffeecctt ooff
tthhee ddrruugg iinn ssppeecciiffiicc oorrggaann ooff tthhee bbooddyy.. SSuucchh aass,, BBlloooodd,, PPllaassmmaa,, SSeerruumm,, TTiissssuuee hhoommooggeennaatteess,, UUrriinnee,, FFeecceess,,
GGaassttrriicc ccoonntteennttss,, SSaalliivvaa,, BBrreeaatthh,, CCeerreebbrroossppiinnaall fflluuiiddss,, SSeemmiinnaall fflluuiidd,, SSppuuttuumm,, BBiillee aarree tthhee bbiioollooggiiccaall ssaammppllee..
SSeevveerraall mmeetthhooddss ffoorr ssttoorraaggee && pprree--ttrreeaattmmeenntt ooff tthhee bbiioollooggiiccaall ssaammppllee && iitt iiss nneecceessssaarryy ttoo aacchhiieevvee tthhee ddeessiirree
eeffffeecctt.. DDiiffffeerreenntt techniques for sample preparation mainly include solid phase extraction & liquid-liquid
extraction.

Keywords: OOvveerrvviieeww ooff aannaallyyssiiss ooff ddrruugg iinn bbiioollooggiiccaall ssaammppllee,, iittss ssttoorraaggee,, pprree--ttrreeaattmmeenntt aanndd ssaammppllee

pprreeppaarraattiioonn [[SSoolliidd PPhhaassee EExxttrraaccttiioonnss ((SSPPEE)) && LLiiqquuiidd ––LLiiqquuiidd EExxttrraaccttiioonn.. ((LLLLEE))]].

___________________________________________________________________________
Introduction1

Analysis of drugs in biological fluids
 Biopharmaceutical analysis is the quantitative

determination of trace levels of organic or
inorganic medicaments and their metabolites in
biological fluids.

 This technique is used very early in the drug
development process to provide support to drug
discovery programs on the metabolic fate and
pharmacokinetics of chemicals in living cells
and in animals.

 Its use continues throughout the preclinical and
clinical drug development phases, into post-
marketing support and may sometimes extend
into clinical therapeutic drug monitoring.

SSppeecciiffiicc rroolleess ooff bbiioopphhaarrmmaacceeuuttiiccaall aannaallyyssiiss
 Bioavailability and Bioequivalence studies

 Drug Discovery & lead optimization

 Drug abuse problem

 Preclinical-ADME and metabolic identification

 Clinical pharmacokinetics

 Therapeutic drug monitoring

 Research in basic biomedical and
pharmaceutical sciences.

BBiioollooggiiccaall SSaammppllee 11

TThhee bbiioollooggiiccaall ssaammpplleess aarree tthhee bbooddyy fflluuiiddss iinn wwhhiicchh
tthhee aannaallyyssiiss ooff ddrruugg iiss rreeqquuiirreedd ttoo bbee ddoonnee.. SSuucchh aass,,
BBlloooodd,, PPllaassmmaa,, SSeerruumm,, TTiissssuuee hhoommooggeennaatteess,, UUrriinnee,,
FFeecceess,, GGaassttrriicc ccoonntteennttss,, SSaalliivvaa,, BBrreeaatthh,,
CCeerreebbrroossppiinnaall fflluuiiddss,, SSeemmiinnaall fflluuiidd,, SSppuuttuumm,, BBiillee..
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TTyyppeess ooff bbiioollooggiiccaall ssaammpplleess
S. No. Purpose Media
1 Pharmacokinetic study Blood , Urine  & Saliva
2 Bioavailability/Bioequivalence study Blood  & Urine
3 Drug identification/Drug abuse problem Feces
4 Drug studies in children Saliva

CCoolllleeccttiioonn ooff bbiioollooggiiccaall ssaammppllee

SSttoorraaggee ooff bbiioollooggiiccaall ssaammppllee 22,,33

 IInn oorrddeerr ttoo aavvooiidd ddeeccoommppoossiittiioonn oorr ootthheerr
ppootteennttiiaall cchhaannggeess iinn tthhee ddrruuggss ttoo bbee aannaallyyzzeedd,,
bbiioollooggiiccaall ssaammpplleess sshhoouulldd bbee ffrroozzeenn
iimmmmeeddiiaatteellyy uuppoonn ccoolllleeccttiioonn aanndd tthhaawweedd bbeeffoorree
aannaallyyssiiss..

 IIff ppllaassmmaa oorr sseerruumm ttoo bbee uusseedd tthhee ffrreesshh wwhhoollee
bblloooodd sshhoouulldd bbee cceennttrriiffuuggeedd iimmmmeeddiiaatteellyy aatt
22000000××gg ffoorr aapppprrooxxiimmaatteellyy 55 ttoo 1100 mmiinnuutteess,, aanndd
tthhee ssuuppeerrnnaanntt sshhoouulldd bbee ttrraannssffeerrrreedd bbyy aa mmeeaannss
ooff ssuuiittaabbllee ddeevviiccee ssuucchh aass aa PPaasstteeuurr ppiippeettttee,, ttoo aa
cclleeaann ccoonnttaaiinneerr..

 WWhheenn tthhee ddrruuggss aarree ssuusscceeppttiibbllee ttoo ppllaassmmaa
eesstteerraassee tthhee aaddddiittiioonn ooff eesstteerraassee’’ss iinnhhiibbiittoorr ssuucchh
aass ssooddiiuumm fflluuoorriiddee ttoo bblloooodd ssaammppllee iimmmmeeddiiaatteellyy
uuppoonn ccoolllleeccttiioonn ccaann hheellpp ttoo pprreevveenntt ddrruugg
ddeeccoommppoossiittiioonn..

11)) SSeelleeccttiioonn ooff tthhee vveesssseell
 AAnnaallyysstt sshhoouulldd bbee wwaarryy ooff aarrttiiffaaccttss ffrroomm

ttuubbiinngg oorr ssttoorraaggee vveesssseell..

 FFoorr eegg.. pplluunnggeerr pplluuggss VVaaccaattiioonneerr ttuubbeess
ccoonnttaaiinn ttrriibbuuttooxxyyeetthhyyll pphhoosspphhaattee wwhhiicchh ccaann
iinntteerrffeerree iinn cceerrttaaiinn ddrruugg aannaallyysseess..

 GGllaassss iiss uussuuaallllyy rreeccoommmmeennddeedd bbeeccaauussee nnoo
lleeaacchhiinngg pprroobblleemmss aarree sseeeenn aass wwiitthh ppllaassttiicc
ccoonnttaaiinneerrss..

 UUnnbbrreeaakkaabbllee nnaattuurree ooff ppllaassttiicc mmaakkeess iitt
hhiigghhllyy ccoommppeettiittiivvee eessppeecciiaallllyy wwhheenn ssaammpplleess
mmuusstt bbee sshhiippppeedd bbyy mmaaiill ttoo ootthheerr
llaabboorraattoorriieess..

22)) SSeelleeccttiioonn ooff mmaatteerriiaall
 AAddssoorrbbeenntt uusseedd iinn tthhee cclleeaann uupp pprroocceedduurreess

sshhoouulldd bbee ffrreeee ooff tthhee hhyyddrrooccaarrbboonnss..

 CCiittrraattee sshhoouulldd bbee uusseedd aass aannttiiccooaagguullaanntt
bbeeccaauussee iitt ooffffeerrss lleessss iinntteerrffeerreennccee..

 UUssee ooff ddrryy iiccee sshhoouulldd bbee ddiissccoouurraaggeedd
eessppeecciiaallllyy wwiitthh tthhee ggllaassss ssttoorraaggee ccoonnttaaiinneerrss
bbeeccaauussee ssuuddddeenn cchhaannggee iinn tteemmppeerraattuurree ccaann
ccrraacckk tthhee vviiaallss..

33)) SSeelleeccttiinngg tthhee ssttoorraaggee tteemmppeerraattuurree aanndd tthhee
ppHH
 SSoommee ddrruuggss mmaayy uunnddeerrggoo ddeeccoommppoossiittiioonn

uunnlleessss ssttoorreedd aatt llooww tteemmppeerraattuurree..

 SSoo iinn aannyy ccaassee eexxppeerriimmeennttss sshhoouulldd bbee
ppeerrffoorrmmeedd wwiitthh ssppiikkeedd bbiioollooggiiccaall ssaammpplleess ttoo
ddeetteerrmmiinnee tthhee pprroobblleemmss ccaauusseedd bbyy tthhee
ccoonnttaaiinneerrss oorr cclloossuurreess,, tteemmppeerraattuurree aanndd PPHH..

Sample Collection
Blood By venupuncture either with a hypodermic syringe or a Vacationer apparatus.
Plasma Blood with anticoagulant is centrifuged.

Higher yield, higher drug, few problems of sensitivity.
Serum Blood without anticoagulant is centrifuged.

Specially used in microbiological assays.
Urine Easy to collect, large in amount, concentrated.

Frequently utilized in drug metabolism studies.
Feces In aluminum foils & lyophilized.

High protein content & difficult to handle.
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OObbjjeeccttiivveess ffoorr ssaammppllee pprreeppaarraattiioonn

PPrree--ttrreeaattmmeenntt ooff bbiioollooggiiccaall ssaammppllee
 Pretreatment of samples needed as the factors

such as the texture, chemical composition,
degree of drug-protein binding, chemical
stability and the types of interferences can
affect the final measurement step.

 So, various pretreatment steps are carried out as
follows.

oProtein precipitation
oLyophilization
oHydrolysis of conjugates
oHomogenization
oChemical derivatization as a prelude to

extraction

Protien precipitation4

 Biologic material such as Plasma, faces, and
saliva contain significant quantities of protein
which can bind a drug.

 The drug may have to be freed from protein
before further manipulation (e.g. extraction). An
analyst usually assumes that any denaturation
procedure does free a drug from the protein.
Protein denaturation is important in the analysis

of drugs in plasma when direct injection of a
sample on to a column is desired, as in HPLC.

 The presence of proteins, lipids, salts, and other
endogenous material in the sample can cause
rapid deterioration of HPLC column.

 Methanol and Acetonitrile frequently have been
used as protein denaturants of biological samples,
especially in HPLC. Methanol is sometimes
preferred because it produces flocculent precipitate
and not the gummy mass obtained with
Acetonitrile.

 Methanol also gives clearer supernatant and may
prevent drug entrapment that can be observed after
Acetonitrile precipitation.

Advantage:
Fast & inexpensive
Relatively clean samples obtained.

LLyyoopphhiilliissaattiioonn55

EEffffeeccttiivveellyy pprreeppaarreess bbiioollooggiiccaall ssaammpplleess ffoorr ssttoorraaggee
aanndd aannaallyyssiiss..
MMaaiinnllyy uusseedd ffoorr::

 BBiioollooggiiccaall ssaammpplleess wwiitthh eexxcceessss vvoolluummee

 HHiigghhllyy wwaatteerr ssoolluubbllee ddrruuggss
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 TToo pprreeppaarree ddrriieedd eexxttrraacctt bbyy cchheemmiiccaall
ddeerriivvaattiizzaattiioonn

 SStteeaamm vvoollaattiillee iinnoorrggaanniicc ccoommppoouunnddss tthhaatt ccoo--
vvaappoorriisseess wwiitthh mmaattrriixx mmaatteerriiaallss

 CChheemmiiccaallllyy oorr tthheerrmmaallllyy uunnssttaabbllee
ccoommppoouunnddss

 FFoorr ffeecceess ssaammpplleess..

HHyyddrroollyyssiiss ooff ccoonnjjuuggaatteess
FFoorr ddrruuggss pprreesseenntt aass gglluuccuurroonniiddeess ccoonnjjuuggaatteess oorr
ssuullffaatteess..

AAcciidd oorr eennzzyymmaattiicc hhyyddrroollyyssiiss
 Presence of drug metabolites as conjugates such as

glucuronides and sulfates, in biologic samples
cannot be ignored. The effect of the drug samples is
depend on the completely in the extent of the
biotransformation that occurs in body.

 So it very important to isolate the actual
conjugates. Isolation of conjugates is usually
lengthy because they are hydrophilic and/or ionized
at physiologic pH. Thus, conjugates are not
amenable to classic solvent extraction techniques.

 To overcome these problems, samples containing
either glucuronides acetyls or sulfates esters are
usually pretreated using enzymatic or acid
hydrolysis.

 The unconjugated metabolites that results from the
hydrolysis procedure are less hydrophilic than
conjugates and usually can be extracted from the
biologic matrix.

 A nonspecific acid hydrolysis can be accomplished
by heating a biologic sample for 30 min at 90°C to
100°C in 2 to 5N HCl. Upon cooling, the pH of the
sample can be adjusted to the desired level and the
metabolite removed by the solvent extraction.

 Particularly stable conjugates sometimes require
hydrolysis in autoclave. However, these are bomb-
like condition and may lead to alteration of the
parent chemical, especially in isotopic studies. The
need of these actions should be determined
experimentally.

HHoommooggeenniissaattiioonn
 FFoorr ssaammppllee ccoonnttaaiinniinngg iinnssoolluubbllee pprrootteeiinnss ssuucchh

aass mmuussccllee oorr ttiissssuuee hhoommooggeenniizzaattiioonn uussiinngg 11NN
HHCCll iiss ddoonnee..

 FFoorr ggeellaattiinnoouuss ssaammppllee ssuucchh aass sseemmiinnaall fflluuiidd oorr
ssppuuttuumm lliiqquueeffaaccttiioonn iiss aacchhiieevveedd vviiaa ssoonniiccaattiioonn..

 FFoorr ssoolliidd ssaammppllee ssuucchh aass ffeecceess hhoommooggeenniizzaattiioonn
ccaann bbee ddoonnee wwiitthh mmiinniimmuumm aammoouunntt ooff
mmeetthhaannooll..

 For the sample containing insoluble proteins, such
as muscle or other related tissues, a
homogenization or solubilizing step using 1N HCl
may be required before treating the sample such as
seminal fluid or sputum, liquefaction is achieved
via sonication.

CChheemmiiccaall ddeerriivvaattiizzaattiioonn aass pprreelluuddee ttoo eexxttrraaccttiioonn
 FFoorr aa ddrruugg oorr mmeettaabboolliittee cchheemmiiccaallllyy uunnssttaabbllee iinn

ppHH rraannggee nneecceessssaarryy ffoorr eeffffiicciieenntt ssoollvveenntt
eexxttrraaccttiioonn oorr nnoott aammeennddaabbllee ttoo ssoollvveenntt
eexxttrraaccttiioonn..

 TThhee ssuubbssttaannccee iiss rreeaacctteedd wwiitthh aa ssuuiittaabbllee rreeaaggeenntt
ttoo ffoorrmm aa ssttaabbllee ddeerriivvaattiivvee ssuucccceessssffuullllyy
eexxttrraacctteedd iinn tteerrmmss ooff oorriiggiinnaall ddrruugg
ccoonncceennttrraattiioonn..

EExxaammppllee::
 HHyyddrraallaazziinnee iiss aa uunnssttaabbllee iinn tthhee bbaassiicc ppHH rraannggee..

ssoo qquuaannttiittaattiivvee eexxttrraaccttiioonn ffrroomm bbiioollooggiiccaall
mmaatteerriiaall wwiitthh oorrggaanniicc ssoollvveenntt iiss ddiiffffiiccuulltt..

 AAfftteerr ttrreeaattiinngg aa ppllaassmmaa ssaammppllee ccoonnttaaiinniinngg
hhyyddrraallaazziinnee wwiitthh ssooddiiuumm nniittrriittee aatt aacciiddiicc PPHH iitt iiss
ccoonnvveerrtteedd ttoo tteettrraazzoolloo ((11,,55aa)) pptthhllaazziinnee aa ssttaabbllee
ddeerriivvaattiivvee tthhaatt ccaann bbee qquuaannttiittaattiivveellyy eexxttrraacctteedd
ffrroomm ppllaassmmaa aanndd aannaallyyzzeedd iinn tteerrmmss ooff
hhyyddrraallaazziinnee ccoonncceennttrraattiioonn..

General techniques for sample preparation
 Dilution followed by injection

 Protein precipitation

 Filtration

 Protein removal by equilibrium dialysis or
ultra filtration

 Liquid-liquid extraction

 Solid-supported liquid-liquid extraction

 Solid-phase extraction (off-line)

 Solid-phase extraction (on-line)

 Turbulent flow chromatography

 Restricted access media

 Monolithic columns

 Immunoaffinity extraction

LLiiqquuiidd--lliiqquuiidd eexxttrraaccttiioonn 99

LLiiqquuiidd--lliiqquuiidd eexxttrraaccttiioonn ((LLLLEE)),, aallssoo ccaalllleedd ssoollvveenntt
eexxttrraaccttiioonn,, iiss tteecchhnniiqquuee uusseedd ttoo sseeppaarraattee aannaallyytteess
ffrroomm iinntteerrffeerreenncceess iinn tthhee ssaammppllee mmaattrriixx bbyy
ppaarrttiittiioonniinngg tthhee aannaallyytteess bbeettwweeeenn ttwwoo iimmmmiisscciibbllee
lliiqquuiidd..
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PPrriinncciippllee
PPaarrttiioonniinngg oorr ddiissttrriibbuuttiioonn ooff aa ddrruugg bbeettwweeeenn ttwwoo
iimmmmiisscciibbllee lliiqquuiidd pphhaasseess ccaann bbee eexxpprreesssseedd iinn tteerrmmss
ooff aa ppaarrttiittiioonn oorr ddiissttrriibbuuttiioonn ccoo--eeffffiicciieenntt,, uussuuaallllyy
ccaalllleedd ““PP””..

PP ccaann bbee ddeetteerrmmiinneedd bbyy ddiissttrriibbuuttiinngg aa ssmmaallll
qquuaannttiittyy ooff tthhee ccoommppoouunndd bbeettwweeeenn eeqquuaall vvoolluummeess
ooff ttwwoo iimmmmiisscciibbllee pphhaasseess iinn aa sseeppaarraattiinngg ffuunnnneell..

PPrroocceedduurree

FFaaccttoorrss aaffffeeccttiinngg tthhee ppaarrttiittiioonn ccooeeffffiicciieenntt

1. Choice of solvent
i. Polarity

ii. Cost
iii. Toxicity & Flammability
iv. Nature of solvent
v. Ease of handling

2. Density
3. PH

4. Ionic strength of the aqueous phase

Advantages of Liquid- Liquid Extraction
1. Liquid-liquid extraction is a very popular

technique for sample preparation.
2. A major benefit is that LLE is of wide general

applicability for many drug compounds.
3. The technique is very simple and rapid and

relatively small cost factor per sample.

4. Very clean extracts can be obtained with good
selectivity for the target analytes.

5. Inorganic salts are insoluble in the solvents
commonly used for LLE and remain behind in
the aqueous phase along with proteins and
water soluble endogenous components. The
removal of these unwanted matrix materials
provides potential benefits of extending LC
column lifetime and minimizing the downtime
of the mass spectrometer caused by interface
fouling.

6. The time required for method development is
relatively short; usually within two days, an
advantage when time is at a premium as it is in
pharmaceutical research laboratories.

7. The extracted material can be redissolved in
small volumes   (100µl to 500µl) there by
extending the sensitivity limits of limit assays.

8. It is possible to extract more than one sample
concurrently.

9. Near quantitative recoveries (90% or better)of
most drugs can be obtained through multiple or
continuous extractions

Disadvantages of Liquid- Liquid Extraction
1. It is a very labour intensive procedure because

of multiple transfer steps and the need to
frequently cap and uncap tubes.

2. It requires large volumes of organic solvents
which can be expensive to purchase and
presents added costs for disposal as hazardous
waste.

3. Exposure of these solvents to personnel can
present health hazards.

4. The procedure has been difficult to fully
automate using traditional liquid handling
instruments.

5. Evaporative losses may sometimes occur upon
dry-down with volatile or oxygen labile reactive
analytes.

6. Emulsion formation is a potential problems.

Solid phase extraction 6-8 ,10,11

 Involves the selective extraction process
between a solid phase resin  and a liquid sample
containing Analyte.

 Solid Phase: XAD-2 Resin, Silica, Alumina,
Charcoal, Aluminum silicate.
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Types of phases:
 Reverse phase

 Normal phase

 Ion-exchange

Smaller the KD value sharper the separation & easy elution
How to use SPE????

1.Selective Extraction

Select an SPE sorbent that will bind selected components of
the sample either the compounds of interest or the sample
impurities.
The selected components are retained when the sample
passes through the SPE tube or disk (the effluent will
contain the sample minus the adsorbed components). Then,
either collect the adsorbed compounds of interest through
elution, or discard the tube containing the extracted
impurities.

2. Selective Washing

The compounds of interest and the impurities are retained on
the SPE packing when the sample passes through; the
impurities are rinsed through with wash solutions that are
strong enough to remove them, but weak enough to leave the
compounds of interest behind.

3.Selective Elution

The adsorbed compounds of interest are eluted in a solvent that leaves the strongly retained impurities behind.

 Solid phase extraction is used to separate compounds of interest from the impurities in three ways.
Choose the most appropriate scheme for separation.
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Procedure for SPE

STEP-1 SELECTION OF TUBE

 Step 1 mainly includes the selection of
the proper SPE tube and phase
according to the type of extraction

 SPE is a five step process that provides
samples free of matrix components and
concentrated enough for detection.

For, reversed phase normal phase or ion
exchange SPE procedures of five steps
typically are needed.

STEP-2 CONDITIONING &
STEP-3 ADD THE SAMPLE

STEP-2

To condition the SPE tubes rinse the SPE tube with one- tube full of
solvent   before extracting the sample. For the SPE disks use 5 to 10ml.

STEP-3

Accurately transfer the sample the tube or reservoir, using a
volumetric    pipette   or micropipette.  The    sample must be in a form
that   is compatible with SPE.

STEP-4 WASH THE PACKING

 If compounds of interest are retained on the
packing, wash off unwanted, unretained
materials using the same solution in which
the sample was dissolved, or another
solution that will not remove the desired
compounds.

STEP-5 ELUTION

 Rinse the packing with a small volume (typically 200μL to
2mLdepending on the tube size, or 5-10mL depending on the
disk size) of a solution that removes compounds of interest.

Advantage of SPE over LLE
1. With SPE, many of the problems associated

with liquid/liquid extraction can be prevented,
such as incomplete phase separations, less-than-
quantitative recoveries, use of expensive,

breakable speciality glassware, and disposal of
large quantities of organic solvents.

2. High recoveries for polar compounds.
3. SPE is more efficient than liquid/liquid

extraction, yields quantitative extractions that



273
Sanghadiya Divyang G et al., Int. J. Pharm & Ind. Res., Vol.–03 (03) 2013 [266 - 273]

www.ijpir.com

are easy to perform, is rapid, and can be
automated.

4. Solvent use and lab time are reduced.
5. Cleaner extracts are obtained.

Methods for measurement
o Chromatographic methods

Thin layer chromatography (TLC), Gas
chromatography(GC), High performance liquid
chromatography (HPLC), Gel permeation
chromatography, Ion exchange chromatography
(IEC), Liquid chromatography mass spectro -
photometry (LC-MS)

o Radiochemical Method
o Fluorimetry and Phosphorimetry
o Enzymatic analysis
o Immunoassay techniques (ELISA, RIA,

EMIT etc)
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