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SUMMARY

qumd—hqmd chromatography based on the i ion-pair partition techmque gives

- sepa:atxon systems of high efficiency when silica micro-particles are used as the sup-
port for the stationary phase. With 10-zm. particles, plate heights of the order of
40-70 pm | ‘have been achieved with a linear velocity of 0.25 cm/sec. The retention in

- mn-pair partmon systems is deternined by the nature and concentration of the
* counter ion, and the properties of" the mobile phase also have a major influence. Itis
oﬁ:en possxble to predict the selectivity, and. this can be controlled by varymg the

: composmon of the mobile phase. :

: This paper describes the’ apphcztlon of i fon-pair partltlon chromatozraphy to
the bmanalyals of drugs, drug metabolites and- biogenic substances. Typical counterk
ions in the stationary phase were methanesiilphonate and perchiorate for ammonium

_ compounds and tetrabutylammonium for the separation of organic anions.. Determi-

- nations by liquid chromatography were demonstrated for quinidine and dihydro-
quinidine, metanephrine and normetanephrme and for imipramine and its demethyl
‘metabolite in plasma. A quaternary ammonium compound, QX-572, was determined
in urine'and’ chromatograms are shown for the isolation of. mdoleacetxc and hydroxy—
mdoleaeetxc acid in wrine. - ~

. The methods have been used in routme analysis. UItravxolet detectzon has
penmtted the determmatlon of hlghly absorbmg compounds down to the lO—ng fevel
in plasma and urme. L

INTRODUCHON

c 'I'he quantxta’me determmatmn of dmgs, dmg metabohtes and endogenous

substances in biological media often requires methods with 2 high degree of selectivity

" ami sensitivity, The drug and its’ metabahtes can be structurally closely related and
i most instances ‘are. pr‘sent in low. concentrations. Endogenous substances wxll»

B oocur ‘togéther with various: compounds with similar chemical properties. :

S :Most drugs and related biogenic. substances are ionizable and some of them

: arc present’in aqueous Solution only in: zomzed form, e.g. quaternary ammonium
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compounds and sulphate con;ugates Tonized compounds can. be extracteé as. ion-
pairs thh suitable counter ions, as lhustrated by eqn. 1: -

Qaq + K— Q“org - - _ oo - . (i

where, for example, Q™ can be a protonized amine and X~ a sulphonate, a phenolate
or an inorganic anion. This technique has found wide application in- drug analysis
owing to the superior selectivity and the possibility of an increased sensitivity for
quantitative dmerfmnadons Schill' has sarvcyed the use of ion-pair extraction in
drug analysis.

Ion-pair partition has also been applied successfully in liquid-liquid chro-
matography?~7 and high efficiency has been achieved, particularly when silica micro-
particles are used as the support for the stationary phase. Recently, Knox and co-
workers®® demonstrated the use of ion-pair partition in liquid-liquid, adsorption
and bonded-phase chromatography. Ion-pair partition chromatography in the
reversed-phase mode has recently been reported by Wahlund?®® for the separation of
carboxylates and sulphonates.

) In this paper, hnvh-performanoe ion-pair partition chromatography has been
used in bioanalytical applications. The widely used drugs quinidine and imipramine
have been analysed routinely at therapeutic levels in plasma. A potentiat antiarthyth-
mic drug, a quaternary ammonivm compound, has been determined in plasma and
urine samples in clinical tests. The biogenic amines metanephrine and normeta-
nephrine have been analyzed in plasma samples and acid metabolites of indoleamines
have been isolated from piasma and urine by liquid-liquid chromatography as tetra-
butylammonium ion pairs.

Separation times of 5-10 min are common and strongly absorbing compounds
have been determined down to the 10-ng level by means of ultraviolet (UV) detection.

EXPERIMENTAL

Chromatographic apparatus

The liquid chromatograph was a Milton Roy (Philadelphia, Pa., US.A))
mini-pump with a pulse dampenper (Laboratory Data Control, Riviera Beach, Fla.,
U.S.A.; 711-47) and 2 Cecil (Cambridge, Great Britain) 212 UV spectrophotometer
with an 8-yl flow cell or a Laboratory Data Control Model 1205 UV monitor. The
injector was either a septum injector or a valve with a 100-zl1 loop. The separation
column of precision-bore stainless steel (length 150 or 200 mm, 1/4 in. O.D., 4.5 mm
1.D.) had end fittings of modified Swagelok connections. A pre-column (300 X 9 mm
1.D.), used to improve the equilibration of the mobile phase, was packed with Porasil
E (Wat°rs Assoc., Milford, Mass., U.S.A.; 37-74 um) loaded with stationary phase
(i ml per g) by shaking for 1 h. Room temperature was used throughout.

C olumn Dpacking and coating

‘The separation column was packed with 10-g¢m silica Gel particles by the
balanced density slarry technique'l. A 50-m! stainless-steel cylinder was used as a
reservoir for the slurry and tetrabromoethane—carbon tetrachloride-dioxan (4:3:3)
was the slurry medium. The packed columas were evaluated by adsorption chro-
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matography of a test solution; 3000—40& theoretlcal plates (k’ = 2-3) were obtained
for the 150-mm columns.

° ° -Thecoating of the partlcles mth statxonary phase was performed by an in situ
technique®.” Initially, about 100 m! of acetone were pumped through the column at
high \{elocuy, thea 50.ml of a mixture of stationary phase and acetone (3:1), supplied
from the packing cylinder; were pumped through at a flow-rate of 2 ml/min, n-hexane
saturated with stationary phase being the eluent. The cylinder was then disconnected
and n-hexane passed through the column at an initial flow-rate of 1 ml/min (3¢ ml),
‘gradually increasing to 4 mi/min until! about 150 m! had been collected.

Mobile phase was equilibrated with stationary phase by mixing with a2 magnetic
stirrer for more than 1 h. After phase separation, the organic phase was filtered
through glass-wool and glass-fibre. About 50 ml of the mobile organic phase were
pasced through the pre-column before the separation column was connected and a
further 50 mi were eluted. Usually the chromatographicsystem was recycled with mobile
phase overnight, a small volume of stationary phase being present in the reservoir.

In most instances the columns were used for several hundred biologic:l samples
without re-coating. Stationary phase was washed off the separ=tion column by
rapidly eluting it with 150 mi of methanol before the coating p; ocedure was repeated.

The amount of stationary phase loaded on the particles by this in situ coating
technique averaged 359 of the total weight of the loaded particles.

Chemicals and packing material

Methylene chloride, 1-buianol and isobutanol {(pro analysi; E. Merck, Darm-
stadt, G.F.R.) and n-hexane (certified A.CS.; Fisher Scientific, Pitisburgh, Pa.,
U.S.A.) were used. Diethyl ether used in the extraction was of A.C.S. quality
(Mallinckrodt, St. Lounis, Mo., U.S.A.).

All reagent and buffer solutions were prepared with analytical-grade chemicals,
except for methanesulphonic acid (puriss; Fluka, Buchs, Switzerland).

Indole-3-acetic acid (IAA), 5-hydroxyindole-3-acetic acid (HIAA), meta-
nephrine and normetanephrine were purchased from Sigma (St. Louis, Mo., U.S.A)).

The drug compounds fulfilled the quality requirements of the Pharmacopeia
Nordica.

The silica particles used in the separation columns were LiChrosorb SI 100
(average diameter 10 zm) (Merck) or Partisil 10 (average diameter 10 zm) (H. Reeve
Angel, Clifton, N.J., U.S.A)).

Extraction technique

In the most common procedure, the biological sample was mixed with buffer
‘and réagqnt' solutions and ‘extracted with organic solvent in a centrifuge tube. An
aliquot of the organic phase-was transferred into a silanized tapered centrifuge tube
for evaporation under nitrogen. The residue was then dissolved in a small volume of
mobile phase and an aliquot injected into the column. When disturbances by ad-
sorption losses or degradation under the evaporation occurred, vack-extraction into
an aqueous phase and re-extraction into a small volume was used.

Quantitative evaluation
In the routine analysis of drug levels in plasma samples, peak heights were
usually measured and the concentrations were obtained from standard graphs con-
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structed by analyzing plasma samples spiked with known amounts of the drug. A -
standard graph was usualily prepared daily. ‘ )
RESULTS AND DISCUSSION

Selection of liquid phase system

It has been demonstrated in ion-pair partition chromafography that chro-
matographic separation conditions can be based on batch extraction data, from which
retention data can be predicted®*!%:13, Kraak and Huber® and Karger er al.” have
recently shown good agresment between predicted and found retention data in
liguid-liquid chromatograply on micro-particles.

Our recent experience indicates, however, that in chromatographic systems
with silica micro-particles as the support and ion-pair partition, although good agree-
ment between batch and chromatographic data can be obtained in some instances,
the discrepancy is usually large**. This means that a mixed partition mechanism or
differences in the properties of the aqueous phase in the column and in the batch
experiments occur. There is also evidence for a much higher counter ion concen-
tration in the aqueous stationacy phase in the column than in the aqueous phase used
for ceating and for equilibration of the mobile phase®s. This aspect will be discussed
below.

Batch extraction data will, however, still be a basis for the construction of
ion-pair chromatographic systems if the divergencies are taken into account. Adjust-
ments of the retention behaviour are ofiten easily made by minor changes to the com-
position of the mobile phase. Many of the applications of ion-pair partifion chro-
matography discussed below will illustrate that a column loaded with a certain
counter ion, in this instance perchlorate, can be used for the separation of ammonium
compounds with different properties by varying the composition of the mobile phase.
We use mostly 1-butanol, methylene chloride and r-hexane as solvent components,
as they cover a wide range of solutes. n-Hexane is inert and non-solvating, the presence
of 59 or more of 1-butanol has been shown to improve peak symmetry® and methy-
iene chloride gives good extraction capacity and selectivity. As the ion-pair solvating
ability is due to 1-buianol and methylene chloride, an increased proportion of these
two solvents compared to n-hexane will decrease the retention times, while an in-
creased amount of n-hexane will have the opposite effect. 1-Butanol has a superior
solvating ability for compounds that contain hydrophilic substituents'® but simul-
taneously gives a lower selectivity between two molecules that differ by one or
more polar groups. With the inherent high efficiency of micro-particle columas, in
most instances the selectivity is not the resiricting parameter, at least in the analysis
of plasma samples. If so, there is the possibility of changing the relationship between
1-butanol and methylene chloride in the mixture whxle keepmg the retention constant
for one of the sample components. .

The same solvent components were employed for the segaratmn of carboxy[tc
acids and acid metabolites of biogenic amines, tetrabutylammomum bemg used as

the counter ion in the aqueous stationary phase. Even in this instance one column

canr be used for the Separaﬁon of compounds with 2 wide range of partition propertics
by varying the proportions between the solvent compoaents. Changes in seiecﬁvxty
relationships have earlier been observed for such chromatographic systems®.
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In ali of the apphcatxons of ion-pair partition cBromatography described here,
UV detection was used to follow the sample compounents in the eluent. Adequate
sensitivity was achieved in most instances owing to the high absorbance of the com-
pounds studied. Ton-pair partition chromatography, however, offers, the possibility
of high sensitivity by choosing a suitable counter ion, independent of the detection
properties of the sample components®:3.t7, So far, the technique has not been com-
bined with the efficiency of silica micro-particles, but there will be several applications
of such systems.

In the following section, some applications of ion-pair partition chromato-
graphy to the bioanalysis of drugs and endogenous substances are described. Sample
‘preparation and other aspects of the analytical method will be discussed briefly.
Bioanalytical applications

Determination of quinidine and dihydroquinidine in plasma. Quinidine is a
divalent amine that has been used as drug for several years. Its determination in
plasma is commonly performed by extraction and spectrofiuorimetry, but a more
selective method was obtained if an extraction of the amine from an alkaline plasma
sample with diethyl ether was followed by a chromatographic procedure. An aliquot
of the ether extract was evaporated and, after dissolution of the residue in the mobile
phase, a portion of the solution obtained was injecied into the chromatographic
column. A chromatogram from a plasma sample is shown in Fig. 1; the separation
time was abount 5 min. The method permits the determination of 10 ng of quinidine
in 1 ml of plasma with a standard deviation of less than 10%,.

The diprotonated form of quinidine has a pK'y,s>* value of 4.3. This means
that under the conditions used in the separation, qmn_dme is mainly present as a
divalent cation in the aqueous stationary phase (0.2 M HCIO;, + 0.8 A NaClO;).
Quinidine can be extracted into and migrate in the organic mobile phase as an ion
pair in both monovalent (HACIO,,,,) and divalent form (H,A(ClO,);..s). but the
retention will have a constant value if the pH and the perchlorate concentration are
not significantly affected by the sample applied®. It should be possible, however, to
evaluate which form dominates under the actual conditions by batch extraction
studies?s,

Quinidine is always contaminated with about 109 of dihydroquinidine, in
which the vinyl substituent is replaced with ethyl. By ion-pair partition chromato-
graphy, they are separated with a separation factor of about 1.7 and it is possible to
determine the two compounds separately by liquid chromatography.

Determination of a quaternary amnmonium compound (QX-572) in plasma and
urine. QX-572 is a potential antiarrhythmic drug which has been analyzed in plasma
and urine: its chemical structure is shown in Fig. 2. Ton-pair partition offers the
possibility of extracting aprotic ions such as quaternary ammonium compounds. In
this instance, perchlorate was used as the counter ion in the extraction with methylene
chloride and QX-572 was extracted quantitatively from the biological sample. After
evaporation of an aliquot of the organic phase and dissolution of the residue in a
small volume of mobile phase, a portion of the solution obtained was injected into
the chromatographic column. Perchlorate was the counter ion in the aqueous station-
ary. phase and a mixture of I-butanol, methylene chloride and n-hexane was the
mobile phase.” A chromatogram from a urine sample is shown in Fig. 3. The sepa-
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Fig. 1. Separation of ‘dihydroquinidine (DHQ) and quinidine (Q) from plasma extract. Support:
LiChrosorb SI 100 (10 #m). Stationary phase: 0.2 Af HCIO, + 0.8 M NaClO,. Mobile phase: 1-
butanol-meihylene chioride-n-hexane (1:7:2). Sample: éxtract from authentic sampie contammg
200 ng of gquinidine in 1 mi of plasma {30 ng inject=d).

Fig. 2. Siructu:_‘al formula of QX-572.

ration time was about 4 min and owing to the high UV absorpuon, the quaternary
 ammonium compound can be determined down to 10 ng in I mi of sample with a
stazz{.iaré deviation of less than i10 f" )
“This method. illustrates the use of ion-pair’ partmon in the determmatmn of
aprotic organic ions. In this instance, the procedure is facilitated by the fact that the
. same counter ion can be used in the extraction and in the Chromatographlc sepa-
ration. ‘The mobile otgamc phase-has a much lower ion-pair solvating- abﬁzty for
QX-572 than has the methylene chioride used in the initial extraction. = . - -
In ion-pair pa.ttmon methods, the counter ion used for quantrtaﬁve extmeﬁaﬁ
to an organic phase is often much more hydxoghobrc ‘thag counter ions t!zat are.
- smtabie for the subsequent chmmatagta\gim: separation: Ko prerzrztmns are taken
. m such mstances, serious dlsturbances can appear i the cﬁmmatagrapﬁzc <eparatzen,
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- Fig. 3. Isofation of QX-572 i‘tom urine extract. Support: Partisil 10 (10 um). Stationary phase:
0.2 M HCIO, + 0.8 M NaClO,. Mobile phase: 1-butanol-methylene chloride-n-hexane (1:1:8).
: Samnle extract from authentic samp!e coptaining 200 ng of QX-572 in 1 ml of urine.

. Fig- 4. Sepa:atwn of metzmephnne (MN) and normetanephrine (NMN) from plasma extract. Sup-
“port: LiChrosord SI 100 (10 um). Stationary phase: 0.25 M HCIO,. Mobile phase: isobutanol-
methylene ch!onde (2 3). Sample. extract from plasma 'spiked with metauephnne and normeta-
neplmne

.as there will be a discontinuous partition process. The ionic compound will migrate
as ion pairs both with the counter ion in the stationary phase and with the counter
- ion used in the extraction. The concentration of the latter will gradually decrease
along the column?®. A displacement technique has been used with success to overcome
suf-h a problem in a bioanalytical method for acetylchohnez.

- Petermination of metanephrme and nannetanep&mze in plasma. The analyszs of
adrenahne and noradrenaline i mn pIasma, requires a method of extremely high sensi-
tivity, as the basic levels are in the region of 0.1 ngfmi. By mtroducmg a’ tritiated
methylene group nto the S—hyd.toxy substltuent, the two btogemc amines are con-
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- * The amines were extracted ‘with an ion-pairing and adduct_
' bxs(2~ethy1hexyl)phosphonc acid’ plus chloroforn, . back-extracted into an: aquﬂous :
. phase and finally re-extracted mto a small volume of the organophosphO‘xc acid i in -
-chloroform. -‘This organic phase was mjected mto a ch:omatograpth column w;th,} .
- perchlonc ‘acid as the stationary phase and a mixture of isobutano! and ‘methylene -
chloride as "the mobile phase. The. fractxons of metanephrme and normetanephrme'
were collected with the aid of UV detection of added unlabelied amines and mea-
“sured?!, A chromatogram of an extract from a plasma sample is shown in Fig. 4. The
. two amines were well separated, which was desirable as a blank eluent fraction was -
" collected between the two peaks in order to check that no conta_mmatmn between the
' ,radloactwe fractions had cceurred. , e
The final extract that was injected into the column consxsted of a mx:'ture of
the organophosphonc acid and chloroform. A hlgh concentratxon of the organe-_'
‘phosphoric acid gives a high degree of extraction and was necessary as the amines are
difficult to extract. The higher solvating ability will; however, cause p‘.ak deformation
in the chromatogram above a certain limit, but the 0.1 A concentration used in this
method is well within the range ‘where no disturbances are observed. - : '
E Determination of imipramine and demethyi.rrzpramme in plasma Irmpramme
is an antidepressant’ drug which has an active metabolite, demethyhmxpranune »
(desipramine), which is also used as a drug. Most avallable -analytical methods used
so far have been of limited value owing to rather low sensitivity. Liquid. chromato-
graphy with UV detection is very suitable for such compounds with tricyclic ring
_ systems, owing to their high UV absorbance. Chromatographic systems have been
described recently®?® for the separation of several tricyclic amines and a related com-
- pound, thioridazine, has been analyzed in plasma by hqmd—hqmd chromatography?2.
o “The present method comprises extraction of the amines as bases from alkaline
plasma with dlethyl ether, back-extraction into dilute sulphunc acid and finally re-
extraction (after alkahzatron) into 100 ul of 1,2-dichlorcethane, the resultmg solution -
bemg injected into the. chromatographzc column. The extraction’ procedure ‘was
"designed to purify and concentrate the extract without using evaporation to dryness,
when losses due to- adsorptzon on the glass walls would occur. 1 2-Dxchloroethane »
forms a distinct organic phase in the bottom of the tube that is easy to colfect in the
syrmge ‘and causes.no disturbances in the chromatogram. A ch!oto-analogue is used
as internal standard to c-mpensate for volume variations!®. A chromatogram from -
an authentic pIasma sample is shewn in Fxg 3 The method pemuts the determmatmn
of 10 ng of each amine in a sample. =
' . Agqueous metha.nesulphomc acxd was used as. the stat:onary phase, as it nges
. less hydrophobic ion pairs than petchlorate -and is-more suitable for. these high-
- ‘molecular-weight amines. Batch extraction data for the chioro—analogues have- been
" determined and capacity factors’ calculated and compated. with expenmental valu&s“ »
The latter-are 5-15 times higher than the calculated values, which indicates that the
- -aqueous ‘phases on the-column and in static partmon expenments have dxﬁ‘erent .
propertxes. Studies on ‘such effecis are in progress. .
: Determmatzan of ndole-.?-acetzc acid . and J-kydroxyuuiaie-S-acetzr aczd in .
o pIa.mza amz’ urme. An area that att racts much mterest andﬁ'vhere mn—palr partxtmn:.
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_chtomafogaghy can piay a usefuI role in tﬁe future is the anaIysxs of acch metabolites
of biogenic amines. Reeenﬂy, the separation of & test sofution of four acids as tetra-
- butylammonium ion pairs has been éeﬁ}eﬁs;zaéeé? T
Further studies on cﬁromatograpmc systems with tetrabutyfammonium as the
counter fon have shown that the behaviour of the quaternary ammonium compounds
in the aqueous stationary phase is different from that in batch partition experiments®.
After coating the silica micro-particles with 0.1 M tetrabutylammonium mm buffer
solution, the stationary phase is not in equilibrium with 2 mobile phase saturated
with the same solution outside the column. Tetrabutylammoniom, which is bleeding
in the mobile phase as ion pairs with buffer anions, is continuously withdrawn uatil
a much higher concentration of the quaternary ammonium compound in the station-
_ary phase is reached. Equilibrium concentrations in the column of about 0.3 Af have
beén measured after washing off the stationary phase. The discrepancy between the
pominal and the available concentration might be explained either by a selective
adsorption of quaternary ammonium ions on to the support or by a change in the
nature of the aqueous phase in the column. Accordingly, it is necessary to equilibrate
the chromatographic column for a sufficiéntly long period that stable conditions are
obtained. This is effected by passing mobile phase through, or by recycling if pre-

Q0.0. 0.001

DMCI

3]

3 s . 1 _ ] C/M‘j
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Fig. 5. Separation of imipramine (I} and its metabolite demethylimipramine {(DMI) from plasma ex-
tract. Supnort: Partisil 10 (10 um). Stationary phase: 0.1 Af methanesuiphonic acid. Mobile phase:
i-butanol-methylene chloride—r-hexane (6:25:19). Sample: extract from plasma containing imi-
- pramine (13 ng/ml of plasma), demethylimipramine ¢3.5 ngfml) and the internal standard demethyl-
chloroimipramine (DMCI, 25 ng/mi} (4 mi of piasma taken). )
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- cautwns are taken to ensm'e tha.t the mobxle phase is sat:zratecf contmnous}.y mth .
A aqueous phase- pr&sent in the ‘reservoir. Sufficient’ eqm‘h“brano& may- Be ebtamed ’
- overmght but may Téquire a longer time,- dependmg on the niature of the Hgaid phase.
system. The buffer substances used in the aqueous phase and the- composrtmn of the .
mobile phase will affect the extent of bleeding of tetrabutylammonium. The current -
- studies also showed variations in column efﬁmcncv between statxonan- phaaes that

contained different buffer substances*s .

- -~ The application of tetrabutylammomum columns to the analysm of acid .
metabolifes” of tryptamine and serotonin has fecently: started, with encouraging-
results. ‘The technique seems to be compatifive with ion-exchange on micro-particle
resins and the separation times are much shorter for the ion-pair partition columns?3,’
In the present studies, Tris buffer has been used, giving columns with good efficiency.
The mobile phase consisted of I-butanol, methylene chloride and n-hexane, and it

I B 1 -

0.D. 0 004

1AA -

L 1 ; - 5
L ¢ B .5 . 1{) i - 15 mm . -
Fig. 6. Isotauon of mdole-kcehr acid (FAA) from uzine extrmt. Support LxChmsor& SE 100 GO0

ltm) Statxonary phase 0.1 MTBA nTos Emﬁ‘er (pH 8.3, =0.5) Mobik phgse I-Emmnol-meﬁzy
Ime chlondc—fs'hexane (3 s: 1"). Sa.mpxe' e:ctract “rom 1 ml of urlne. .




= '_U;:me samplas aze much more contammated bv Iow—moleculat—wexght and
}=polat,compounds and, in’ the analyszs of™ mdole-3—acetlc aczd and - S—hydroxymdole-
. 3-acetic acid, a back-extraction and re<extraction procedure was used. After extraction.
i from acxdlﬁed urine with d.lethyl ether, back-extractmn iftto carbonate buffer solution
.{pH 9) was effécted, followed by addmon of acid and re-extraction into diethyl ether.
-}[An alxquot of this solution was collected and evaporated to dryness, and the residue
.- was dxssolved in niobile phase and- injected - into ‘the ‘column.” The two acids were
,' isolated by two. different- chromatographic runs owing to the large differences in
f‘_.capaclty factors It must be emphaszzed that the 1dent1ty of the supposed peaks for

HIAA 7 ; lo.o. 0.002

.7 ;Isolatwn'ot‘ S—hyd:oxymdole—3-acettc acxd (EHAA) from urme extract. Support LxChrosorb :

: SI 100:(10 gm). Stationary phase: 0.1 M TBA in Tris buffer (0H 8.3, i = =0.5). Mobile phase 1-'
- butanol—methy!ene chlonde—n-hexane (3:8: 9)- Samp!e extract from' 1 mi of u:me. S )
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- the indoleacetic zacids has not been- confirmed by any mdepeadcnt techmque. sz.
. shows a chromatogram for the isolation of indole-3-acetic acid and Fig. 7 for that
of5-hydroxyindole-3-acetic acid. In the latter separation, a more solvating organic
phase was used. Contaminants in high concentration were eluted close to the 5-
hydroxy compound. It should be possible to purify the extract further before injection.
Recently, ion-pair partition chromatography in the reversed-phase mode has
been described for the separation of carboxylic and sulphonic acids!®. This is a very
promising technique in the bioanalytical field and will be an alternative to the straight-
phase technique for acid metabolites of biogenic amines.

CONCLUSION -

Ion-pair partition chromatography on silica micro-particles gives separation
systems of high efficiency and selectivity. The technique has been used routinely in-
wvaricus bioanalytical applications. Drugs, drug metabolites and biogenic compounds
have been determined in blcod plasma and urine and the chromatographic systems
have shown long-term stabiiity and reliability. The field of application of ion-pair
partition chromatography within the biomedical area will extend and the possibility
of increasing the sensitivity for ionizable organic compounds by the use of suitable
counter ions will be utilized in combinaiion with high-efficiency chromatographic
columns.
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