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Principles of extraction
The analvie s removed from materals ioa fomuolation matix which would interfere jnits
analysis using a solvent in which it is highly sobuble bul the matrix interferants bave

limited solubility, Further sulvent paclitiosing sieps may then be used in order o reduoce
the interferancs,

Applications

« Mlost analvses of pharmaceuticals require an extraction step er exirchons sieps abd
optimization of these processes has an Impomant bearing an the precision amd accunwy
of the analvsis

+ Widely used in bioanalytical messpremeni= and for concentrating race amonnis of
anulvie.

Strengths
o Asimple and cheap method of removing interferants.

Limitatinns
+ Limired selectivity, limited choice of partitioming solvents, larpe volumes of solvent
reguired. {See SPE keyvpoints.)
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Introduction

Comples extraction and dervatisation methods are most often appliced o
bioanalytical procedurss and o the concentration of wace impurilies in
pharmuceuticals rather than (o straightforwand gqualily conteol of active ingnedients in
pharmacenticals, Cuality control ol the sctive ingredient in o formufation generally
utilises o simple extraction procedure aml i there is a peoblem of imerference (rom
exeipicnts following ealraction, chromatography is able o resolve the agtive
ingredient from the interferants and permit guanilanon, However, there ane
circumstances where fow dosags formulations and advanced doog delivery
formoulations may require more detailed sonple handling,

Commonly used excipients in formulations

The principal reason for conducting extraction prioe o analysis & inorder o remove
materials which inight interfere in the analyvsis. This is a greater requirement if
chiomatogiaphic separation s not carried out ducng the analvsis: Some non-
chivmatographic technigues such as NIRA aim to aveid all sample preparation
theough using advanced computing technigues to screen out interference. BEven when
chrommtographic separation 15 used, extraction of some type has o be carried out
priow i analysis in order o remove insoluble tablet matri s imatenials or oily
excipients in creams and ointmens. When low levels of drops are being monitored
in hiological Tuids, exteaction procedures may have o be quite detailed in order to
remove interference by endogenous compounds. The major trpes of interferants in
formulations are briefly considered in this chapter.

Tablets and capsules

Tablets snd capsules useally consast langely of a fller excepl for high dose
formulations, sach as paracetamol tablets and tablels of other non-steroidal anli-
imflammatory drugs, where the active ingredicnt may compose a large part of the
formulation. The most commonly wscd filler in tablets 15 lactose and other popualar
fillers include other sugars or sugar polymers such as cellulose, starch and mannitol.
These substances are polar and will dissolve or swell best in waler. thes exlraclion
procodures where the drug is water soluble are best carried out in agueons media so
that the drug is efficiently recovered [tom the sample matris. The Gllers themsclyves
de not absorb LT light so they are not likely do interfere directly in HPLC
procedures where for instance in commonly wsed reversed-phase chromalography
procedures they will elute atl the void volume with e perturbation of the
chromatographic baseling Similarly, they prodoce Bide interference i direc
analvses by T spectrophoiomctry, I the drog is not completely water soluble,
miethanae! or cthanol may be vsed for extraction sinee they will wel the tablel powader
quite well and will dissolve many organic molecales,

Lubricants arc vsed im tablel preparation and include magnesiom stearats, slearic
acid and polyethylene glycol, They enly comprise al most =25 ol the tabiet bulk so
that thear potential (o interdere s shght, particularly since their chirnophores are
weh, The Tty acid Tubricants con oflen be observed i analysis o a tablef extract is
camicd oul by GC-TTD, Tablet costings are oflen basesd on modilied sogar polymers
such us hydrosspropylme thy leelulose, These coatings are wsed gl abhost 356 ol (he
Labletr bulk, are water soluble and do not absork UV Digh,
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Cofourants obviously have the potential tointerfere i oanalysis hecanse they are
clficient ghsorbers of UViasible radiaion, Tn ablels and capsiles, eolours tend to be
organometallic dyes or metal oxides which are not appreciably soluble in any of the
solvents used for extraction and can be filtered off with sther inseluble matrix
constituents. When capsules are analysed the colouved outer shell is removed belore
the contents of the capsule is extracted.

Suspensions and solutions

i suspensions and solutions. the dyes used are warer soluble and inelude natural
pigments such as chlorophy]ls. carotenoids and anthoeyarans, and coul tar-based
dyes. More effort may be required to remove interference by these matenials, Soll
phase extraction with ion exchange resing may be wseful for removing anionic or
catienic dyves, although simple exeaction of the drog into organic solvent of
mnderate polarity may leave such dyes in the agueous phase. Solutions tend to
contain anti-mictobial preservatives and anti-oxidants. These are usuudly either
phenols or quaternary amines such as benzalkoniem chlonde and huve strong
encugh chromophores to interfere in the analy=i$ of a drug. These compounds have
11 e removed prioe to anabysis by extraction procedures. Suspensions also contiin
surtactant materizls such as the polyethylene glyeol-based detergents but these
compoinds do not have appreciable UV absorbance and thus have little potential {or
interference,

Creams and ointments

Seadium and pocassium sales of farty acids, cationic swfactants and non-ionic
surfactants are used in creams and ointments. As discussed ghove these compounds
do not have soeong cheomephores but, particularty the fagy acids, may interfere in
chromatography for instance by contaminating reverse-phise HPLC columns if fhey
are net removed. Contamination of reverse-phase HPLC columny by lipophilic
materials can often be ohserved through a loss of chromawographic peak shupe,
Creams and ointments contain larpe amounts of oily triglyeerides which have 1o be
removed tooavoid interference with the chromatographic process. Extraction of the
cream with methanol can partly remove this type of interference. partitioning of the
axtract hetween hexane and moethanol or methanaol waler mixiures may 2050 be osed,
the highly lipophilic material 14 remoyed inte the hexune Layer,

Solvent extraction methods

Solvent extraction procedures provide simple methods for separuiing the mnalyie
from excipients in formulations, The analyiieal method applied (o the isolated
analyte can be Tor example cither gravimeing, volumelric, speciropholometric or
chromalographic. Tn most cases in the pharmaceutica] Indusiry chromatographic
methods are preferred. The extraction method sdopled is governed Ty the need o
remove excipients und by the propertics of the analyle,

Extraction of organic bases and acids utilising their
ionised and un-ionised forms

Salis of organic bages such as sulphates and hvdrochlorides are often highly water
soluble and the free bases are usually guite orsancsoluble, particularty in relatively
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polar sobvents such as chloroform or mixtures of chloroform and ethanol, Sirmilarty
the sodivm or potassium salts of organic acids are freely waler soluble while the un-
ionised acids ave wsually quite organcsoluble, These properties cun be used Lo
advantage in designing an exlraclion proevedure, A flow disgram for the extraction
steps which can be wsed Lor he separation of an organic base from a formulation is
showwere in Fiwpre 15,1,

Analyse aguoous
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This type ol estraction is emploved in the BP assay of Cyclizine Lactate Tnjection:
the injection s diluted with dilute H.S0y and then neutral and acidic excipients are
eatracied with ether. The solution 15 basified and the evelizine 15 cxtracted into ether
leaving the laciate ion, which would not have extracted during the inidal cther
extraction slep, behimd in the aquecus layer. For convenience in measurcment by U
spectropholomelry amd in order e carmy oul volumelric dilution of the cxmact,
eyalivine s then back extracled into dilute H.50, and subjected to further dilution.

The saree principles apply o the extraclion of an organic acid cxeept that in this
case high pH values are wsed to ensure the aeid remains in the agueous Laver and low
pll values are wsed o ensure That 115 extracied inlo the orgamic lavern

Partitioning between organic solvents
Partitioaing between organic selvents is used in the extraction of analytes from oily
excipients such us in the extraciion of sterond creams prior o HPLC analysis, The
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mest commonly uscd systems are methanol/hexane, aguecus ethanolhexane or
acctonitrilc/hexane. [n the case of analysis of corticosieroids in creamns, 1he cresm is
ustrally dispersed by healing in hexane and then extracted with an equal volume of
methancl, Methanol and hexane mix only very slightly and the oily excipicnts
remain in the predominantly hesane layer, while the more polar corticosteroid
partitions into the methanol layer, Use of an internal standard with a structure closcly
related to that of the analyie is essential in order to achieve good precision in this
type of analysis through compensating for incomplete recovery of the analytec:
Examples of pharmacoposial methads asing this tvpe of partitioning include assays
of: hydrocaortisone acetate cream, (uocinolone cream and beclomethasone cream.

lon pair extraction

Ton pair extraction provides a standard method for estimating ionic surfaclants either
colorometrically or titrimetrically. For example 2 cationic surfactant sech as
cetrimide can be estimated by pairing it with a lipophilic anionic dye such as
bromocresol purple. The ton pairing ereares a coloured lipophilic ion pair, which can
be extracted into an organic solvent such as chloroform and a quantitative
meusurement of the colowr extracted can be made spectrophotometrically, This tvpe
of wssay is described inthe BP for Clonidine [njection and Benzhexol Tablets.

Ton pair extraction has also been used to exteact polar analytes in bivanalviical
procedurcs. Figure 15.2 exemplifies the determination of the aming acid taurine by
gy chromatopraphy-mass spectrometry (GE-MS)! this figure alsooillustrates a
uscful property of amines (and phenols), which is that they will react mare rapidly
than water with an acylating reagent in an aqueous enviromnient thus improvitg their
organcsolubility. After acylation and ion pair extraction with letcabulyl ammonivm
sulphate the taurine iz converted o an amide prior o analysis by GO-MS,

A bl HaN— CHyOH,— 80,7 —»  GyFsCOHN — CHCH.— 80~
Entraction and .
| derivatisation of taurine. Taurine Irt OGO
I aguacus alkalirs
medrim

-— = CthCmiN = D-Hzﬂ He— 504 NI':CJ"IE}-I-
(g HglaN* S0,

and extraction into CHGE,

S e CyF COHN — GHLEH,— S0,M{C, Hals
S0C1; then HMIS Hylg

Derivatisation prior to extraction

Figure 15,3 shows aqueows phase acylatdon of adrenaline in an injection with acetic
anhydrige, The reaction is carmed out in the presence of agueous sodivm bicarbonate
and 5 used in a gravimeric detenmination of (—) adrenaline in Adrenaline Injection BI

Supercritical fluid extraction
Figure 13,4 shows a schematic diagram of s supercritical [uid extraction apparatus,
The advantages of supereritical fluid extraction (SFE) are as [ollows:
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(i) The solvents are used above their critical temperature and pressuce bat they
function almost as offcctively as liquid solvents and have the advantage that
mitss Lransfer betwsen sample und solvenl, Lo, the rate ol ealraclion, 15 very
fast.

it The solvent sirengih of supcreritical Auids can be increased or decreased by
varving the pressure i the extraction vessel thus providing a simple means of
producing selective extraction.

i) CO., which is frequently vsed as an cxlraction medivm, is 4 non-toxis, non-
[Tamrnatle sulvent which s readily disposed af and its low critical fempreraniee
(31.1°C) means that it can be used as an effective solvent for extracting
unstable compounds,

The most efficient method of conducting SFE 14 via the dynamic process
illustrated in Figure 15.4. This process ensbles the addition of g polar modifier such
as methanol, which increases the solvent strength of the nen-polar CO,, The liquad
C0- with about 5% wiv of modifier 1s passed though 2 stainless steel ccll containing
the sample, which may be mixed with inert meterial so that the sample ocouples the
whole cell volume. Two recent examples of the utilisation of SFE in the analysis of
pharmaceoricals are discussed as follows,

Vitamin A, vitamin E and their gectate and palmitate esters were determined in
tablets,! The tablet powder was mixed with sand and loaded into the extraction
vessel; C0, alone was used for extraction at 40°C for 15 min, The CO; was venled 1o
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atmosphere after heing passed into a vial eontaiming tetrabydeofuran a 07w g
thie analyies. The process was found to give good recovery amd was inore selective
for the analytes than an established liquid/liquid extraction process. The sample was
analysed by HPLC.

An unstable anafogue of prostaglandin. PGE, formulated in s polybutadiens
polymeric matrix. was placed ina SFE cell and extracted with CO-/formic acid
(95:5) at TS 2 Extraction was continued for 80 min and then the extract was
collected in hexang/cthanol (2:1) at 0"C. The advantages of the SFE method were
that the solvent cffected simultaneous cleavape of the poly mer—prostaglandin bond
without instability problems and with improved mass ransfer enabling good
recovery from the pelymer matnix.

Solid phase extraction (SPE)

[FE] ] i W o Fra o cEET _-.'— LIRS o ¥ ¥ : - T
Principles
The anatyte is dead stopped on the SPE medium by leading it onto the cartridge in a
solvant of low eluting power Tt isay then be washed with viher solvents of low eluting
power end s then finelly eluted with o small volume of a smomg solvent.

Applications

v Paricularly useful for sclective separation of interferants from analyees, which is not
readily achievable by Liguids/liquid extracticn

« Widely used i bicanalytical measurements and envirommental monilonng for
COMCERIFANNE trace amaounes of analyte,

Advantages in comparisen with lguid/diquid extraction

Solid plase extractlon

= The solid phase 15 smmscible with sobvents and thus alter lowding the semple o range of
washing comditions can be used o remave interferants chrongh having & wide choige of
wishing solvents

* Chemical natore of sdsorbunt can be vaned so that i s selective for a pammicolar
functional group in the analyte

= Bnmlsicos are act tormed berween the twe phases

* Acsnrple e large volume of solowon can be teapped on the column §dewd stopped ) and
thus conceniratsd

« Onlv small volumes of solvent ave required both for wazhing and clution

= Extraction cin be corried oul in bawches ratker than seciatly

» The sapense of the cobumns can be offser agaimst savings in solvent purchase and disposal,

Liguiddlgesiad gurvaction

+ Solvenmts most be anoseible, bence there tea limited chaice of extrocion and washins
sulvents

= Bmulsions may torm

* Largesolvent volumes ae reguued when extracton of Lacge sample volumes i carmed
ot

= ‘The extract may have fo be comcentrated priot to analvsis and then back extracted into
Al agueous pliase

= Exlracions have o be comductesd senally.

Limitaticmns

* Althewagh recovences are peneral by gomd, i 15 provhably: host tooase an ineemal standard in
fhis type of analysis o compensate for any possibility of irreversible absorprion oo the
exlracton mediaem

= Sitica gel-based SPE columns are unstable to strongly alkaline eonditions




320

Pharmaceutical Analysis

Introduction

SPE 1s increasingly being adopted as o useful method of sample preparation where
extraction into an organic soivent would have originadly been employed, The reasons
for this are outtined in the Keypoints bos, The lechmigue has been emploved more
extensively im the “clean up” of biological samples prior o analysis but there are

increasingly useful cxamples of its application Lo the analysia of drugs in
formulations.

Methodology

Typically solid phase extraction is bused on the lype of system shown in Figure 155
The volume of sample which can be Ioaded onlo this small column can be increased
using a eolumn with a larger sample reservoirn. The sample is usually aspirated

through the column under vacuom.

Fig. 15.5
- Bample resansalr

e Praroiss frit

Adsorbant (typical 40-50um
paricles ard 50-500 mg)

Parous it

| Medical grade
| polypropylens
‘ ayringe barred

A SPE cartridge.

The steps involved in 2 SPE procedure are shown in Figure 15.6:

1 Conditioring

Z Anahde + aample 5 Eluti
salvent matgz 4 Washing solvan mlwiﬁ
Vo I
i |
e i
Sorbam
Sorbanl + analyle SERrenl. £ aniglye
« impurities
Sample hguid Analyle

Impuritias

Fien 15.6
A vyplcal procedure far
SPE,
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{il  The column iz washed with 3—110 hed volumes of ihe solvent, which will be
used to clute the analvte and if an ion exchange adsorbant is 10 be used, 5-10
volumes of an appropriate buffer.

(iip The analyle is loaded onte the column in an appropriate solvent, which is too
weak to efure it from the eolurmn,

{ii) The sample solvent passes through the column feaving the analyie +
impurities sdsorbed on (he stationary phase.

{ivi  The column is washed with solvent, which will elute impurities while leaving
the analyte on column. This reguires o good understanding of the physico-
chemical propertics of the analyte and the adsorbant,

(v} The analyte is efured with an approprate selvent, preferably one which will
leave further interferants behind on the column.

Aovacuum manifold can be used for conducting multiple extractions
simulianeously as shown in Figure 157,

Fig. 15.7

Vacuum manifold for
multiple salid phase
extraction

Sample + sohent washes sucked through under
vacuum atiowing bateh processing

1
L £ HH TiH it Fiesd THE

Salld phase
adsorbant

Ta vacuum

—

7
Sample solution

Types of adsorbants used in SPE
Lipophilic silica gels

‘The lipophilic silica gels shown in Figure 158 will retain lipophilic compounds,
provided they are in an un-ionised state, through vin der Waals interactions and in
the case of amines, through some degree of polar inleraction, These phases are
generally not complefely endeapped so that there are fnee polar silanol groups
remaining on the surface.

In the case of amines the type of interaction shown in Figure 159 may oceur, The
shoreer the allky| chain length on the silica gel surface the more likely i is that
adsorption also plays a part it the extraction, Tt is possible (o buy highly cndeapped
reverse-phase silica gels where most of the residual silanols have been blocked but it
may be better to take advantage of the mixed lipophilic and adsorptive properties of
reverse phases which have not been endeapped,
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Fig. 15.8

Lipophilic silica gels.
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Recently high punity styrene divinylbenzens polymernic gels have become gvailable
for use in lipophihic SPE exiraction: these types of materials formerly confained
menomer materals which could interfere in analyvses. These types of gels are much
more Hpophibic than surlace-moditied silica gels and also have a higher capacity tor
sample loading, Their applications ane similar o those of the Tipophilic silica gels.

Typical extraction methodologies using lipephilic silica gels
Typieally the columns are conditioned by washing with 3=10} bed-volumes of
methanol Tollowed by a 5—10 hed-volwrze ol waler or a suitable buffer.

Buste compoundy are adsorbed] Trom agueonus solution by adjusting to alkaline pH
with buffer. ez, & buller of pH O would be suitable for most bases. The column can
be wished with forther aliguols of alkaling bulTer, water or il the compound is Tughly
lipophibic, migiures of methanal amd alkaline buffer can be carvied out. The
compound 15 linally eluted with either an acidic buffer or with an organic solvent
such as methanol or ethanol, &n example of an extraction of an amine using a
Lipophiliv silica gel is shown in Box 151,

Acidic compounds are extracted from agueous solution by adjosting b acidic pH.
The column can be washed with diluie acid, water and iF the compound is highly
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| Box 15.1 Typical example of eXtraction by reverse-phase SPE

Ancaral suspension of chlotpromazine has the following composition and nwst he
exlracted so that excipients ane cemaved prior to analysis by UV spectrophorometey:
Chlnrpromagzine (023%: wiv, parshydroxybenzois vesd methyl ester 0019 w/iv, neutral
water seluble dye, hpephibic flavouring agent, sodium Iactate buifer,

iz

(3 mbal solution i mixed with 5 ml of 0.5 M ammonia butfer pIl 9.5 und the sample is
pressed throwgh an ootadecyd silane (O1¥5) 5PE cartridge. The cannidge is washed with
a frrher 5 el of ammenia butfen At is slage the chlerpromazine is i s lree base
formn and has sdsorbed aneo the lipophilic C0% and the lactale, the dye and the
preservarve (whizhoare all water soleble, particularly at high pH), have passed
thirongh the colwmn,

{ii) The sarnple i eluted with 5 ml of 0.3 M phosphate baffer pIi 2 00methanod (95:57 and
made up o the volune required for analysis by UV spectrophotometry, These
conditions elute the basic chiorpromaeine and leave behind any neutral Tipophilic
comtipounds, e Plavouring on the column.

lipophilic. mixlures of methanel and dilule acid. The compound can be eluted with
methanal, acetonitrile, tetrabvdrofuron (THEF: or alkaline butter,

Mewtral compounds can be extracted without cormrolling pH. Washing can he
carrigd oul with dilute acid or alkaline buller (Lo remove ionisable impuritics) and
methana] waler mixlures. The compounds cun be cluted from the coluemn with
methanod, ethanol or chloroform.

Polar surface-modified silica gels
These siliva gels retim analytes through interaction between pelar groups; silica gel
itself or the surface moditied polar silica gels shown in Figure 15,10 may be used.

Fig, 15.10
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Typical methodologies using straight-phase adsorbants
These adsorbants are typically used lor polar compounds that are nol well retamed
by reverse-phase adsorhanes, The columns are conditioned by washing with 5- 10
hed-volumes of the solvent which will be used 1o clute the analyte, The sample is
Inaded onto the column in a solvent, which 15 not sufficiendly strong 1o clute it
Washing of the column is often carded out with & moderate polarty organic solvent,
e.z. alcohol-free methylene chloride. Polar compounds arc then eluted with methanel
ur miglures of methanal and acidic buffer (for basic compounds) or methanol and
alkaline butfer (for acidic compounds). Diol columns have been wsed 1w good effect
in the extraction of polar drugs from pharmaceutical creams. !

Anion exchangers based on surface-modified silica gels
[ exchangers based on polymeric resins have been in ose for many years, Silicy
gels coated with lon exchanging groups ure s relialively recent innovation, They have
the sdvantage that they have less orgunoserplive properties than the polvmeric resins
and thus do not require as high an orgunic component in the eluting solvent (o
remave organic compounds after adsorption, Typically the anion exchanger is
conditioned by washing with 0.01-0.1 M buffer ut the pH ol the sumple solution.
The buffer should contain ions which are relatively easy to displace such as OH-,
CHAO0-, CHL.O00 or F L Tons such as CI, Br, KO3, HSOZ or citrate are not
readily displaced. The acidic sample is ther applied in o buffer (0.1 M) one or two
pH units above its pia value, ez, for methicillin shown in Figure 15,11, a buffer pH
38— S would be used. Methiciilin can be extracted with either 4 strome or 9 weak
cation exchanger since it is a reladvely soong acid, The adsorbant exn then be
washed with further amounts of the buffer, with deionised water or with organic
solvent. The sample can then be cluted with a buffer contuining a counler ion ot g
hizh concentration, e.g. for methicillio 1 M sedivm chlosde (NaClor 1M sodiom
citrate. Many organic compounds are Bikely o have 4 high atfinity for the lipophilic
surface of the SPE medium and methanel might be included in the @lution bufler,
Compounds can also be eluted by ionisation suppression, thus methicillin could be
eluted at low pH. e.g_ with 1 M hydrochlorie scid/methanol, but this would not be
advisable in this example because of the instability of pesicilling at low pH.

Cation exchangers based on surface-modified silica gels
The cation exchange column s conditioned by washing with a 0.01-0.1 M baffer at
the pH of the sumple solulion, The buffer should concain K, Na' or MH} ions which
are readily displaced feom the gel by organic cations: divalent ions such as Ca®' or
Mg are difficalr to displace from the gel. The samplz is then applied in a buffer
(0.1 MY ane or twa phi unics below its pRa value, e.g. for the cxtraction of adrenaline
iFig. 15,11 ammonium chloride {N11,C1 butfer pH 8.3 might be used. The
adsorbant can then be washed with further amounts of the bufter, with deioniscd
waler or with an organic solvent such as methanol. Elution is then carried out with a
bufter containing a counter ion at a high concentration, c.g. | M ammoenium chlovide
bulTer, If the sample has limited aqueous solubility a solvent such as methanol or
elhancl can be incloded in the high ienic strength buffer. An altermative to clution at
high ionic strengih would be suppression of the ionisation of the amine group by
elution wilh methanolic ammonia; however, in this case the time of cxposurc of the
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readily oxidised catechol group o high pH conditions should be minimised. This
type of clution is useful if GC or GC-MS analvsis is o be carmied out becase the
analvte is eluted in a salt-frec solution.
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Factors requiring attention in SPE with silica gels

(1) Too fast a flow rate does not allow sufficient time [or equilibration between
the extraction medium and the solvent {lowing through it e.g. the solven may
travk throngh the matrix without comacting the whole surface.

{ii} ‘The capacity of sorhent gels is 1-5% of their mass, ¢.g. for 2 100 mg cartridge
1 -5 mg.

{iii} Mon-selective gels may have reduced sample capacity for dirty sample
matrices, e.g. if a small amount of octadecyl gel is used 1o extract a sample
from & matris containing large amounts of lipophilic materals, the gel
capacily may be excecded.
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fivy  Attention must be puid tehe control of the pH of the sample and washing
solutions.

ivh A carelul choice of washing solvents cun produce estensive sample “clean up’

ivi)  The elution solvent must overcome both the primary interactions of the
analyte with the bonded phase snd any secondary interactions with silanol
STOUPS,

tviiy  The amount of fines (fine particles of silica gel) generated by different
manutacurers’ carmdges varies, Ideally very little fines shouid clute lrom the
column with the sample, Fine particles of silica gel can dumage HPLC
swslems and interfere in derivatisation reactions used prior to analysis by GC.

Borate gels irig 15.12)

These gels are based on immobilised alkyl boromic avids, They have a selective
affinity for 1.2-or 1. 3-diol groupings such as these found in catechol-containing
melecules such as dopamine and in sugars or glyoosicdes.

| Fig. 1512
oH HD CHLEH NH, Comples Farmatian with

[ ,f" a beorate gel
Mol o ~2H 0

S0 CH,CH,NH,
: |

._“_Q L

The analyte is loaded onto the gel in o butter at cq pH 7.0 and the complex
tormed can then be broken down using # mildly acidic eluent suchas 0.1 M avetic
acid, This type of extraction has been applied to the determination of dopamine,
adrenaline and noradrenaline in plastma amd to the determination of the extent ol
reaction of glucose with serurm albumin as a measure of glucose fluctuations wilh
time in diabetics.

Immunoaffinity gels

These adsorbants are bascd on immoebilised lizands, which have & high aflinity forea
particular analyte (Fig. 15.13), There are examples where antibodies have been
raised to an analyte and then bound 1o the surface of & SPE malrx, Yarious (ypes of
chemisery permit this type of immobilisation and affinicy chromatography is well
established in biochemistry, With (he proliferation with biotechnological products
such as therapeutic peptides, the use of these rypes of calumns for catmetion miwy
increase sitee they can be designed to be highly selective for such compounids.

A example of a highly specific affinicy adsorbant of this type s where a
monaclonal antibedy 1o g particular compound is immebilised as shown in Tigore
15.14. For instanee, & gel with 4 monoclonal antibody to B-interferon attached has
heen used in industrial seale exlmwtion of the compound from fermentation mixlures,
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Fig. 15,13
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In mest examples in the licratare, polyclonal antibodies are used for preparing such
columns but the increasing availabilit: of mopeclonal antibodies (3ARs) should
lead 1o affiniey gely based on MAbDs becoming available. Such specificity would be
particularly valuable where peplide drugs have 1o he selectively extracted from
biological matriccs prior to analysis.

Adaptation of SPE for automated online extraction
prior to HPLC analysis

Fig. 15.14
An eiample af an
automated SPE syslem,
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Automated exteaction can be carried out as illustrated in Figure 15.14, The basics of
the system are a8 Follows:

(i)

(i)

(iii}

A solvent of low strenpth loads the sarnple so that il is rmpped gl the hewld of
un extraction column, This column could be non-polar if removal of polar
impurities s required before chromatography or polar if removal of Iipnrphiiju
materials 1s reguired.

The sample is back Nushed with the same solvent which was used in loading it
onto the extraction column and is trapped at the head of the chromatography
column.

The samgle is eluted with the HPLC mobile phase, 2.g. a method was
developed for the analyvsis of macrolide antibiotics.” Extraction was cartied o
by Oushing it onto a evanopropyl cartridge with phosphate buffer pH

10 Sacetonitrile (9 100, The sample was then backflushed with the same
solvent onto an ODS analytical column and then eluted with phosphate buffer
pH Facetonitrile (46:54),
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