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GC 
HETEs 
HPLC 
HRP 
LTs 
MS 
PGIz 
PGs 
PH 
RIA 
TXBz 
uv 

Gas chromatography 
Hydroxyelcosatetraenoic acids 
High-performance hquid chromatography 
Horseradish peroxidase 
Leukotrienes 
Mass spectrometry 
Prostacychn 
Prostaglandins 
Portal hypertension 
Radioimmunoassay 
Thromboxane B, 
Ultraviolet 

1 INTRODUCTION 

As is well known, m many instances the combmation of suitable analytical 
techniques (directly or through the appropriate interfaces) enhances their m- 
dlvldual attributes, providing an array of useful so-called hyphenated tech- 
mques such as gas chromatography-mass spectrometry (GC-MS), hlgh-per- 
formance liquid chromatography (HPLC )-MS, HPLC-ultraviolet (UV ) 
detection, GC-Fourier transform infrared spectroscopy (FTIR), etc., which 
are more powerful m terms of overall assay accuracy and precision than their 
mdivldual components. These techniques allow the biomedical researcher to 
venture mto ever more demandmg fields of application, where complex biolog- 
ical sample matrices often pose seemingly msurmountable problems 

The combined HPLC-radioimmunoassay (RIA) procedures, whereby the 
HPLC provides highly purified fractions for off-line RIA, efficiently couple 
together the best of both systems while contributing to muumlzmg some of the 
disadvantages regarding insufficient detection sensitivity m HPLC and lack 
of specificity m RIA. Thus, HPLC greatly slmphfies the separation of complex 
mixtures m biological extracts whereas RIA can detect and quantify at very 
high sensitivity the HPLC-separated components The application of HPLC- 
RIA procedures to different types of compounds has been briefly summarized 
for the period 1975-1984 [ 1,2]. This review will mainly emphasize the work 
carried out m this field wlthm the last four years and will be concentrated on 
the determmation of metabohtes of archldonlc acid, collectively known as el- 
cosanolds on account of their structural backbone of twenty carbon atoms The 
reasons behmd the selection of this family of physiologically relevant com- 
pounds amenable to HPLC-RIA determmatlons he in the extended experience 
of the authors m this area and the fact that m their analytical complexity they 
are representative of the type of problems one may encounter in HPLC-RIA 
procedures with other families of compounds in biological samples such as 
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peptides, steroids and pharmaceuticals The most important factors underly- 
mg the slgmflcance of elcosanolds as model compounds for the dlscusslon of 
combined HPLC-RIA strategies can be summarized m (a) their wide range of 
different types of metabohtes of blologlcal interest, (b) the need for the sepa- 
ration of chemically similar substances whose actions can be functionally dlf- 
ferent and even sometimes antagomstlc, (c) the various options for quantlfi- 
cation dependmg on the sensltlvlty and/or mmlmlzatlon of analytical artifacts 
and (d) the determination m blologlcal samples of metabohtes of different 
chemical characterlstlcs with the usual associated problems of interferences, 
need for punficatlon, etc 

Elcosanolds arise from the arachldonlc acid (C,, 4w6) released from cell 
membrane phosphohplds, which 1s metabohzed by the cycle-oxygenase and 
hpoxygenase enzyme systems to a very interesting and diverse array of com- 
pounds These can be subdlvlded mto the prostaglandms (PCs) and prosta- 
glandm-like compounds, the hydroxyelcosatetraenolc acids (HETEs) and the 
leukotrlenes (LTs ) , as summarized m Fig 1 

The HPLC purlficatlon and separation of elcosanolds, on both reversed- and 
normal-phase columns, especially the former, has become commonplace with 
a substantial number of pubhcatlons appearing regularly m the speclahzed 
literature, and there are also reference HPLC methods avallable for general 
separation of prostaglandms and arachldonate metabohtes [ 31 

Generally, the Increased use of HPLC procedures for the purlficatlon and 
separation of elcosanolds reflects (a) their easy optlmlzatlon and reproducl- 
blhty, (b) their selectlvlty for closely related metabohtes such as the HETEs, 
which are difficult to resolve by GC procedures, even on high-efficiency cap- 
illary columns, (c ) the advantages of being able to perform the separations at 
room temperature, sparmg thermally labile compounds, and (d) the posslblhty 
of concurrently analysmg compounds with a wide range of polarities and struc- 
tural complexltles, such as the PGs, C,, hydroxy acids and leukotrlenes How- 
ever, one of the problems of the HPLC determination of these compounds 1s 
to quantify them at their occasionally extremely low physlologlcal levels Al- 
though HPLC systems are compatible with almost any type of on-hne chro- 
matographlc detector, including the highly sensltlve fluorescence and electro- 
chemical detectors, the limits of detection for elcosanolds are usually 
unsatisfactory as these compounds m themselves are neither good chromo- 
phores, nor fluorophores, nor sufficiently electroactlve Thus, for instance, m 
the assay of elcosanolds there 1s no equivalent m performance to the HPLC- 
electrochemical detectlon (ED ) systems so successfully used for the hlgh-sen- 
sltlvlty detectlon of blogemc ammes [ 41 m blologlcal samples Consequently, 
most of the high-sensltlvlty determmatlons of elcosanolds m blologlcal ex- 
tracts have tradltlonally been carried out by GC-MS or direct RIA and occa- 
slonally by HPLC after sublectmg the samples to appropriate derlvatlzatlon 
procedures m order to render them amenable to spectrophotometrlc detection 
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Fig 1 Arachldomc acid metabohc cascade as gwen by K C Nlcolaou and N A Petasls, m P B 
CurtIs-Pnor (EdItor), Prostaglandms Biology and Chemistry of Prostaglandms and Related El- 
cosanolds, Church111 Lvmgstone, Edmburgh, 1988, p 79 (Reprmted by permlsslon ) 

Recently, with the advent of efficient thermospray interfaces for direct cou- 
pling of HPLC column effluents to mass spectrometers, we have been able to 
report on a few apphcatlons m the field of elcosanolds [ 5,6] Nevertheless, m 
some instances, the hmlts of detectlon are still madequate even though they 
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can be substantially improved by suitable derivatization of the samples [6] 
On the other hand, as fraction collection of HPLC eluates is simple and can be 
readily automated, this facilitates the alternative use of sensitive ‘off-line de- 
tection systems such as bioassay, mass spectrometry, scintillation counting 
and radioimmunoassay 

RIA, hke MS, can be very sensitive and, further, It is readrly available in 
most laboratories so that it has become the most widely used method for the 
routme quantification of elcosanoids However, the commercral availabihty 
and relative technical simphcity of the assay procedure make it especially prone 
to use by scientists unaware of possrble sources of error and experimental pit- 
falls [7] As a result, the literature has been cluttered with widely varying 
values, which, in many instances, are not even physiologically reahstic It is 
nowadays well known that many of the erroneous reports on PG determma- 
tions were due to excessive and unwarranted confidence in the specificity of 
RIA, drsregardmg the many factors, not only immunological but also non-im- 
munological in nature, which can interfere with the binding of the antigen by 
the antibody These factors have been discussed in some detail by Granstrom 
and Kindhal [ 8 ] 

2 CONTRIBUTIONS OF HPLC TO RIA 

Whereas RIA as a means of detection can lend HPLC its very high sensitiv- 
ity for the quantlficatron of eluates that would not otherwise be detected, HPLC 
can provide a wider coverage to RIA procedures in (a) the nntial phases of 
development of immunoassay methods by purification to homogeneity of the 
antigemc compounds needed for preparing hapten-protein conJugates, (b) the 
validation of direct RIAs and (c) the isolation of purified antigens and/or 
tracers for RIA determmations 

When raising antibodies against specific antigens, the purer the latter the 
higher 1s the specificity of the assay Thus, when necessary, HPLC may con- 
tribute to ensure the homogeneity of a given antigen for its couphng to a suit- 
able carrier protein or polypeptide. The resulting conmgate is then injected 
into an experimental animal in order to raise the proper antibody The same 
could be said for the isolation and purification of tracer compounds for RIA, 
as shown in the literature [9,10] Also, as with any other analytical method, 
HPLC can be used to validate results obtained by direct RIA of an analyte in 
a biologIca sample [ 111, provided that the analyte levels are high enough for 
detection and quantification by standard on-lure HPLC detectors 

Nevertheless, validation of RIA results is commonly performed by combined 
isotope dllutlon GC-MS techniques on account of their higher specificity and 
sensltlvity Finally, eluent collectron at the outlet of the HPLC column to iso- 
late selected analytes for their subsequent determmatlon by off-hne RIA is the 
most common approach to increase the assay specificity and will be considered 
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here in some detail In this regard, the HPLC-RIA procedures are commonly 
based on three well defined and independent steps First, the samples need to 
be enrrched in the class of substances that are to be analysed (in this instance 
elcosanoids) by removing salts, proteins, lipids, etc (sample clean-up) Next, 
the fraction enriched in the components of interest must be further purified so 
that ideally each of them IS isolated from the remainder m a pure form (HPLC 
purification) Finally, the presumably pure collected HPLC fractrons, after 
removal of the HPLC eluent, are quantified by standard rmmunological means 
(RIA procedures) 

3 SAMPLE CLEAN-UP 

Sample clean-up by the apphcatron of hquld- or solid-phase extraction pro- 
cedures for the enrichment of eicosanolds in biological samples has been ex- 
tensively applied prior to subJecting the samples to RIA. Reasons in favour and 
possible drawbacks have been discussed by Granstrom and Kmdhal [ 81, who 
concluded that extraction may not always be necessary and that rt even may 
introduce more problems than it solves 

Obviously, amongst the reasons for extraction one could mention the con- 
centration of analyte and removal of those mterfermg compounds capable of 
influencing the results of an RIA determination, and the drawbacks can be 
exemplified by the lower capacrty of the method, possrble procedural losses, 
mtroductlon of interfering factors derived from the columns and/or the sol- 
vents used and emulsion formatron in hquid-liquid extractron In general, the 
sample clean-up procedures most favoured at present for munmrzmg some of 
these problems involve the use of reversed-phase cartridges or muu-columns 

Basically, as described by Powell [ 121, fatty acids, PGs and polar PG and 
fatty acid or arachldonate metabohtes can be extracted from aqueous media 
usmg adsorption by reversed-phase ODS slhca followed by elutlon of selected 
fractions with normal-phase eluents Relatively clean extracts with suffi- 
ciently high recoverres are thus obtained and emulsion formation 1s avoided 
In this system, the samples, properly acidified (pH 3-3 5) to suppress the ion- 
ization of the emosanoid acidic groups m order to enhance retention on the 
reversed-phase materials, are loaded on to the mnn-columns m a surtable sol- 
vent Elution with dilute aqueous ethanol followed by light petroleum-chlo- 
roform mixtures recovers polar lipids and fatty acids (HETEs) Prostanords 
can then be eluted with ethyl acetate, methanol or methyl formate Finally, 
moderately polar hydrophilic substances can be recovered m 80% ethanol. The 
method has become very popular and m fact many of the references from the 
past four years on HPLC-RIA procedures for emosanoids descrrbe the use of 
Powell’s method (or modifications of it) on Sep-Pak C,, cartridges prior to the 
HPLC rsolatlon of selected fractions for their quantification by RIA In gen- 
eral, solid-phase extraction of brologmal fluids and tissue homogenates before 
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HPLC or RIA achieves the necessary removal of proteins and salts, which are 
washed away prior to sample elutlon 

While extraction on sohd-phase cartridges is still used to obtain enriched 
fractions for direct RIA [ 131, it is usually acknowledged that this is not suffi- 
cient m many instances as non-specific interferences may still yield spurious 
results [ 91 In some rnstances, the overall specificity of the Sep-Pak procedure 
can be improved by using a more specific elutlon sequence to wash away the 
mterferents, as shown by Heavey et al [ 141 In this example, non-specific 
rmmunoreactlvlty in the HPLC-RIA for LTE, after Sep-Pak extraction can 
be reduced below the RIA hmit of detection by washing the cartridge with 
acetic acid, light petroleum and chloroform before elutmg the peak of LTE,- 
hke lmmunoreactlvlty with methanol 

In some instances, elcosanolds are extracted on normal-phase slhclc acid 
columns These are eluted, for instance, with mixtures of toluene-ethyl acetate 
[ 151 for PG recovery or with a sequence of solvents of increasing polarity as 
described by Mayer et al [ 161 They first extracted the incubation medium 
used for endothehal cells into ethyl acetate and applied the dry extract dis- 
solved in dlethyl ether-light petroleum to a column of acidic sihca, which was 
eluted m sequence with diethyl ether-light petroleum (25 75 for free acids and 
neutral lipids and 75 25 for monohydroxy fatty acids) and ethyl acetate-meth- 
anol (90 10 for PGs and 50 50 for LTs and phosphohpids) In a sense, this is 
similar to the elutlon sequence of Powell [ 121, where a series of rncreasrngly 
polar orgamc solvents are used on reversed-phase column 

As with any sample extraction and purification process, solid-phase extrac- 
tion 1s not exempt from quantitative losses, which occasionally can be sub- 
stantial, depending on the type of packing, type of compound adsorbed, volume 
of elutmg solvent and solvent system used, as shown recently in the hterature 
for the isolation of LTs from plasma samples [ 171 or when combmed with 
further purificatron by HPLC For instance, in one example recoveries of PGs 
and thromboxanes after Sep-Pak extraction ranged from 73 to 90%, but de- 
creased to 31-52% after an additional HPLC step [ 181 However, despite some 
discrepancies m the literature regarding recoveries, many reports to date show 
almost quantitative recoveries (80-100%) by solid phase extraction on C,, 
reversed-phase or Amberhte XAD-type resins, although d not properly optl- 
mlzed the recoveries can be as low as 10% [17] In this regard, and as illus- 
trated rn Table 1 showing composite data from different assays recently carried 
out in our laboratory, the sample matrix on which the emosanolds are mcor- 
porated may also have a definite effect on extraction recoveries Whereas all 
of the values m Table 1 fall within an acceptable range, those from pancreas 
are 6-10% lower on average than recoveries from urine and nasal secretions 
Also, m our hands, a comparative appraisal of several commercial brands of 
octadecyl reversed-phase extraction cartridges yielded excellent recoveries 
(90% ) for both HETEs and LTs, with minor varlatrons which can be corre- 
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TABLE 1 

RECOVERIES OF PROSTAGLANDINS AND THROMBOXANE IN DIFFERENT TYPES 
OF BIOLOGICAL SAMPLES 

Recoveries were obtamed by loadmg Sep-Pak C,, cartrldges with a known volume of sample (1 
ml of pancreas homogenate, 5 ml of urme and 2 5 ml of nasal lavage) supplemented with a known 
amount (ca 50 00 dpm per sample) of 3H-Iabelled standards Prostanolds were eluted with methyl 
formate as m ref 12 These fractions were then taken to dryness under vacuum and reconstituted 
m HPLC buffer (ca 200 ~1) A 50% ahquot was counted on a /&counter to calculate the recoveries 
of each mdlvldual compound The remainder was injected mto the HPLC column (see Table 2) 
n = Number of assays 

Compound 

6-Keto-PGF,, 
TXB, 
PGE, 

Recovery (% ) 

Pancreas Urme Nasal lavage 
(n=8) (n=6) (n=8) 

835f22 93oi20 92oi34 
810+25 957441 896?45 
875&39 937f32 901f27 

lated to the carbon loading on the sihca support and weight of material m the 
cartridge These observations ~111 be pubhshed in detail elsewhere Other com- 
parative studies on the use of solid-phase extraction columns for hpoxygenase 
metabohtes are also available [ 17, 191, together with examples on how the 
whole sample clean-up procedure can be efficiently automated using a precol- 
umn method [ 201 In this way, the sample is first injected mto the precolumn 
(acting as the solid-phase extractor) and, after an adequate washing procedure 
to elute all unretamed mterferents out of the system thought the waste line, 
the solvent flow is diverted to the analytical column and the retained com- 
pounds of interest are eluted from the precolumn into the analytical column, 
where they can be separated and collected m the normal fashion 

4 HIGH-PERFORMANCE LIQUID COLUMN CHROMATOGRAPHIC PROCEDURES 

There are many reported HPLC methods for the separation of eicosanoids 
in biological fluids and tissues In general, acidic elcosanolds are well separated 
at low pH, where the iornzation of the carboxyl groups is suppressed so that 
migration is based on hpophlhc characteristics This is one of the strong pomts 
of HPLC as it is capable of resolving closely related structures with minor or 
subtle differences m hydrophobmity such as the lsomerlc PGEz and PGD, or 
the lsomeric HETEs 

Invariably, with very few exceptions [ 211, all of the work carried out m this 
field makes use of the power of reversed-phase columns and all those apphca- 
tlons mvolvmg the use of HPLC as a separation system to purify compounds 
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for subsequent quantlficatlon by RIA are no exception The advantage of re- 
versed-phase over normal-phase HPLC systems 1s that whereas the latter are 
capable of resolving most PGs and hydroxy fatty acids of mterest, some of the 
LTs do not elute from these columns Also, the reversed-phase systems, as with 
the extraction cartridges, accept direct mJectlon of aqueous samples and this 
makes them fully compatible with the aqueous nature of blologrcal sample 
matrices. 

The only restrlctlon that RIA imposes on the HPLC system 1s that the eluents 
must be compatible with the immunoassay procedure In other words, they 
must be volatile so that the collected fractions can be readily evaporated to 
dryness and redssolved in the appropriate RIA buffers. Also, on drying there 
must not be any residue left (e.g., mvolatlle buffer or Ion-pair reagents) that 
could interfere with the characterlstlcs of the antigen-antibody bmdmg In 
this regard, the most typical eluent system for the HPLC separation of elcos- 
anolds m RIA determlnatlons 1s methanol-water-acetlc acid with the pH ad- 
lusted wlthm the range 5-6 and m proportions around 70 30 0 1 (see Table 
3 ) In some apphcatlons acetomtrlle 1s used In place of methanol and, m gen- 
eral, runs are lsocratlc except when a wide range of polarities must be covered. 

However, with these solvent systems compounds such as thromboxane B, 
(TXB,) elute as very broad and tailing peaks [ 22, 231 so that they cannot be 
collected m a single narrow fraction for RIA This effect can be prevented using 
an eluent of water with 0 04 A4 formic acid adjusted to pH 3 15 with tnethyl- 
amine-acetomtnle (65 35) [ 241, as shown m Fig 2b Nevertheless, depending 

a b C 

14 12 10 a 6 4 2 0 

Fig 2 (a) HPLC profile of pro&no& separated on a 300 mm x 3 9 mm I D column packed with 
lo-pm Sphensorb ODS-2 with water with acetlc acid to pH 3 4-acetomtnle (65 30, v/v) as eluent 
(b) Same as (a), except for the eluent, which was 0 04 M formic acid with tnethylamme at pH 
3 15-acetomtnle (68 32, v/v) (c) Same as (b) except for the use of a high-speed 100 mmX4 6 
mm I D column packed with 5-pm particles UV detectlon at 198 nm Peaks 1= 6-keto-PGF,,, 
2 =TXB*, 3 =PGFL,, 4 = PGE2, 5 = PGDz 
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on minor deviations m pH adJustment and/or varlatlons m the physlcal con- 
dltlon of the stationary phase due, for instance, to irreversibly adsorbed com- 
pounds from previous runs, the elutlon profile of TXB* IS not always satlsfac- 
tory, even under these condltlons [25] A similar problem was also observed 
with the PGI, metabohte, 2,3-dmor-6-keto-PGF,,, which elutes as a very wide 
and deformed peak [ 261 In both instances, the problem hes m the coexistence 
of different equlhbrlum forms of the compounds depending on the pH of the 
medium Thus, by careful adlustment of eluent pH to 5 8 with TEA-acetic acid, 
it was possible to obtain an HPLC separation suitable for quantitative RIA 
work [ 271 In general, losses of sample components due to irreversible adsorp- 
tion or changes m molecular conformation within the HPLC column are a 
definite posslblhty for prostaglandms, so that even though extractlon recov- 
erles prior to HPLC may be over 80% (Table I) they may drop to less than 
half m the combined extraction (Sep-Pak)-HPLC procedure, as indicated 
above [ 181 Table 2 gives the recoveries obtained after SubJecting the extracts 
referred to m Table 1 to a further HPLC purlflcatlon which, accordmg to these 
data, results m an additional 10% loss on average Also, In our expenence, a 
step m the process where elcosanold losses are often overlooked 1s that of evap- 
oration of the mobile phase m the HPLC fraction m order to reconstitute the 
sample m the proper RIA buffer Although spontaneous evaporation at room 
temperature has been recommended [8], this 1s not practical when a large 
number of samples m aqueous media have to be processed Thus, reduced- 
pressure evaporation 1s the preferred procedure m these instances In this re- 
gard we have recently established that under standard lyophlhzatlon condl- 
tlons the absolute recoveries of 6-keto-PGF,,, TXBz and PGE, were 87 0 5 2 6, 
87 3 +- 2 4 and 89 0 +- 3 3%, respectively (mean -+ S D , n = 5) Nevertheless, m 
most instances, all of these losses are more than compensated for by the m- 
creased selectlvlty of the RIA when this 1s performed on purified HPLC frac- 
tions, as will be dlscussed below 

A further experlmental observation that should be taken into account when 

TABLE 2 

COMBINED SOLID-PHASE EXTRACTION AND HPLC RECOVERIES OF PROSTA- 
GLANDINS AND THROMBOXANE IN DIFFERENT TYPES OF BIOLOGICAL SAMPLES 

Recoveries were calculated chrectly from the counts m each of the HPLC fractions corresponding 
to the retention times of the three prostanolds Sep-Pak C,, extraction of the samples preceded 
the HPLC purlflcatlon as mdlcated m Table 1 n = Number of assays 

Compound 

6-Keto-PGF,, 
TXB, 
PGE, 

Recovery (% ) 

Pancreas Urine Nasal lavage 
(n=8) (n=6) (n=8) 

706?38 i322-t38 889+42 
694+52 842f43 767i90 
781-t53 852?52 848i35 
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collectmg fractrons from an HPLC run for subsequent RIA and which can 
affect recoveries 1s that the retention times of labelled and endogenous com- 
pounds may differ by as much as 5% [9 ] with the labelled material elutlng 
slightly ahead Thus, the setting of the collection window for the component 
of interest must allow for such differences A good common practice 1s to es- 
tablish retention time wmdows for the analytes of interest with radloactlvely 
labelled standards of high specific activity which can be readily detected with 
flow-through HPLC radloactlve momtors In this way one avolds 1nJectlng the 
large amounts required for the UV detectlon of cold analytes, which may m- 
terfere with the RIA blanks For example, In the RIA determlnatlon of 2,3- 
dmor-6-keto-PGF,, in urine [ 271, where there was no labelled standard avall- 
able, the optimal retention window for eluate collection had to be established 
by 1nJectlon of a large amount (900 ng) of unlabelled material, as shown in Fig 
3a In contrast, only low picogram (30-40 pg) amounts of labelled PGs need 
to be injected to estabhsh their correspondmg retention time windows, as shown 
In Fig 3b With real samples, the precise retention time wlndow for 2,3-dlnor- 
6-keto-PGF,, 1s established relative to the retention time of a small amount 
of labelled PGD2 which 1s injected, for instance, every tenth run to control 

a 

0 
10 15 MIN 

HO3 CPS 
P t5 

Fig 3 (a) HPLC separation of 900 ng of ‘H-labelled 2,3-dmor-6.keto-PGF,, injected under the 
same conchtlons as m Fig 2b (b) HPLC separation of 30-40 pg amounts of 3H-labelled 6-keto- 
PGF,,, TXB,, PGFL, PGEL and PGDp Same condltlons as m Fig 2b Radlometrlc detection 
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small shifts m the elutlon profile Also, as shown m Fig 2c, the defimtron of 
proper collection wmdows becomes really critical when usmg high-speed HPLC 
columns because the peak widths are much narrower relative to those charac- 
teristic of conventional HPLC columns On the other hand, the resultmg lower 
fractron volumes can be evaporated much faster For practical purposes, only 
5-pm particle HPLC packings are used for faster elutlon, as real high-speed 
separations on 3-pm materials would be critical to control as regards eluate 
collection efficiency Also, mJectlon volumes must be kept small, the smaller 
is the particle size, and this may affect the overall sensitivity of the assay 

6 RIA OF SELECTED HPLC ELUATE FRACTIONS 

Briefly, RIA procedures mvolve the prior moculatlon of suitable animals 
with the desired antigen m order to raise the necessary antibodies for the assay 
In the usual practice, the sample extracts together with the radioactively la- 
belled antigen tracer synthesized for this purpose are incubated overnight with 
the diluted antiserum obtained from the immumzed ammals The antigen m 
the extract bmds the antibody, dlsplacmg the tracer as the assay 1s based on 
the competition between tracer and antigen for the bmdmg sites u-r the anti- 
body raised agamst the antigen The tracer 1s displaced m proportion to the 
amounts of antigen present m the sample extract, thus mcreasmg the radio- 
activity of the unbound fraction The bound and unbound fractions are sepa- 
rated by the polyethylene glycol, charcoal or double-antibody methods and the 
amount of antigen is obtained by comparison with cahbratlon graphs [ 8,281 

There is abundant mformation m the literature on RIA performance and 
procedures, as the method dates from 1959 and has been used extensively m 
different biomedical fields A recent appraisal of practices and pitfalls m RIA 
was published by Yalow [ 281, who concluded that RIA is being used m thou- 
sands of laboratories for all kinds of peptldlc and non-peptldlc compounds 
Undoubtedly, the mtroductlon of many commercial assays has played a maJor 
role in the popularity of the method, even though they are generally expensive 
However, the alternative to commercial RIA kits requires access to the nec- 
essary animal facihtles plus synthesis expertise to obtain the labelled hgands 

The foremost advantage of RIA methods lres m their high sample capacities 
and remarkably high sensitivities, together with good serological specificity, 
even though m many instances the latter is clearly questionable This is where 
HPLC may contribute slgmficantly to the rehablhty of a given assay by prior 
purification of the selected antigen to almost or full homogeneity 

A recent literature survey showed that a number of laboratories use antisera 
supplied by collaboratmg mstltutlons whereas others raise antisera specifically 
tailored to their problems Further, many of the latter even synthesize the 
labelled antigens or obtain them biosynthetically through an appropriate en- 
zymatic reaction (see, for instance, refs 9-11, 14, 27 and 29) To obtam antl- 
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sera agamst elcosanolds, these arachldomc acid metabolltes, by virtue of their 
small size hmltlng then antlgenlc charactenstlcs, must be rendered antlgemc 
through couphng to suitable carrlerprotems or polypeptldes, the so-called hap- 
ten-protein coqugates, In general, this 1s carried out by usmg the free carboxyl 
group of the elcosanolds and the ammo groups on the protein as couphng sites. 
A thorough evaluation of the practice of developing an antibody for RIA 1s 
available m the literature [8] In any case, the selection of couphng sites 1s of 
foremost importance for the sensltlvlty and serological speclficlty of the re- 
sulting antibodies Accordingly, if the carboxyl group on the elcosanold 1s used 
for couplmg, the antibodies raised against the conjugate will recognize the rmg 
and/or o-end of the molecule However, with metabohtes with a dlolc acid 
moiety, coqugatlon may take place at either carboxyl group so that the result- 
mg antibody will be non-specific for either of the two possible structures, un- 
less one of the carboxyls 1s blocked in order to obtam a more homogeneous 
corqugate 

A classical example reported by Granstrom and Kmdahl [8] 1s Illustrated 
in Fig 4 The development of an RIA method for the main urinary metabohte 
of PGFZol, 5a,7cr-dlhydroxy-ll-ketotetranorprosta-l,l6-dlolc acid, 1s faclh- 

1 / ! 

1M) IO00 100&l looooo 

P~cograms addtd 

Fig 4 PropertIes of an antlserum raised against a conlugate of bovine serum albumin and the o- 
carboxyl group of 5a,70i-dlhydroxy-ll-ketotetranorprosta-l,l6-dlolc acid (the cr-carboxyl group 
was protected by 6-lactone formatlon) as described m ref 8 (Reprinted by permlsslon ) 
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tatedby the ready lactonlzatlon between the C-l carboxyl and the &OH groups 
m acidic medra so that couplmg would take place at the a-end, as deduced 
from the curves n-r Fig 4 The group of curves to the left mdlcate that the 
antibody cross-reacts to a high degree with other tetranor compounds and that 
the structure at the w-end 1s irrelevant regardmg its contribution to the extent 
of binding affinrtles for these compounds The central curves show that dmor 
metabohtes are also recognized, although to a smaller extent, and finally the 
cross-reactlvitles with the parent C,, prostaglandms are mu-nmal. 

On the other hand, as shown by the curves in Fig 4, lack of absolute specr- 
ficity might be an advantage for group-type assays of Isolated HPLC fractions 
with a single antibody, as we have also recently reported [27] for the deter- 
mmation m human urine samples of 2,3-dmor-6-keto-PGF,,, a metabohte of 
prostacychn (PGI, ) for which there was no antisera avarlable In this instance, 
one of the antisera prepared agamst another PG12 metabohte, 6-keto-PGF,,, 
showed sufficient cross-reactivity to allow its use in the assay of HPLC frac- 
tions collected at the retention time of the dmor metabohte This approach 
greatly slmplrfled the determination of 2,3-dmor-6-keto-PGF,, m the urme of 
clrrhotics with portal hypertension (PH) and as&es [30], as Illustrated m 
Fig 5 An updated account of the physiological lmphcatrons of the hrgher levels 
of this metabohte m these patients as opposed to controls has been presented 
recently [ 311 Briefly, the mcreased systemic production of PG12 m clrrhotlcs 
with PH was associated with haemodynamrc changes but the suppressron of 
PH does not modrfy the systemm production of PGI,, as mdlcated by the levels 
of the dmor metabohte This approach has also been used by other workers, 

2520 

2240 

1960 

C,rrhot,cs wth 
Portal ttypertensm 
am nsc,te* 

llllllllllllllllllIII CONTROL 

Fig 5 Levels of 2,3-dmor-6-keto-PGF,, m clrrhotlcs and m controls as determmed by RIA of 
HPLC-punfled fractions with an antlserum raised against 6-keto-PGF,, [27] 
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for mstance for measurmg PGE, with a PGE, antibody cross-reacting to 50% 

[221 
Commonly, RIA procedures mvolve the use of tracers labelled wrth a long- 

half-hfe p-emitter such as tntmm, even though the specific activity or a 3H- 
labelled compound and consequently the assay sensltlvlty are much lower than 
those which can be attained with a 1251-labelled tracer However, with 1251 it is 
difficult to ensure the stability of labelled products and its short half-life se- 
verely limits its shelf-hfe so that, for practical purposes, virtually all reports 
descrlbmg the use of RIA for elcosanold determmatlons employ 3H-labelled 
tracers, with some exceptions such as the work by Maclouf et al [ 321 or, more 
recently, that of Cox et al [ 111 on the determmatlon (15R) -15methyl-PGE, 
m which they lodmated the hlstamlde derivative of the hgand 

As mdlcated above, whenever the labelled hgand or tracer is not commer- 
cially available or when its cost may be prohibitive, a reasonable alternative IS 
to obtain it through blosynthesrs starting from the labelled parent This has 
been described, for instance, for the synthesis of [‘HI -90!,ll/3-PGF2, [ 91 from 
[3H] PGD2 using purified PGF synthetase from bovine lung If this is not fea- 
sible, a possible solution would be to use a heterologous tracer with high cross- 
reactivity 

6 SOURCES OF EXPERIMENTAL ERRORS 

Critical considerations regarding the performance of an RIA method have 
been discussed m some detail in the literature [8, 281 and therefore we shall 
only consider here those performance factors related to elcosanold determi- 
nation m blologlcal samples 

Lack of serological specificity or excessive cross-reactivity of an antrbody 
can occasionally be an advantage for the determmatlon of the total productron 
of a given compound using a single antibody capable of recogmzmg all closely 
related metabohtes or, as indicated above, when the antibody specific against 
that compound is not available but the compound can nevertheless be deter- 
mined with a cross-reactmg antibody after its chromatographlc isolation De- 
spite these specific applications, excessive cross-reactivity most often becomes 
one of the man-r drawbacks of immunological methods and has to be clrcum- 
vented by appropriate sample extraction and purification steps 

The percentage of cross-reactivity of a given antibody towards other related 
compounds 1s usually stated m the pubhcatlons mvolvmg RIA determmatlons 
and, although m a few instances the data are comprehensive, more often only 
the cross-reactlvltles of the more closely related compounds are given together 
with a statement mdlcatmg that cross-reactlvitles of all other compounds were, 
for example, < 1% However, m many instances the data are not only limited 
but also not truly meamngful, as they refer only to readily available off-the- 
shelf compounds and do not take into account all of those metabohtes possibly 
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present m a blologlcal sample with antlgemc determmants that may also be 
recognized by the antibody. Even with known compounds of relatively low 
cross-reactlvlty the sltuatlon could be cntlcal, depending on their relative 
amounts m the sample For instance, m an RIA for LTB( in platelets which 
also form large amounts of 12-HETE, the accuracy of the results may be af- 
fected by the latter even though its cross-reactlvlty m the assay 1s only 2% 
[ 331 Hence It 1s always convement to keep cross-reactions at a level < 0 1% 
This may be especially difficult m the field of elcosanolds because many of 
these compounds are structurally very slmllar, such as PGs of the first and 
second series, which differ only m a double bond On the other hand, this sit- 
uatlon should not be a llmltmg factor provided that the components to be 
quantified have been separated by HPLC prior to their RIA evaluation Never- 
theless, despite the high selectlvlty of HPLC, this 1s no absolute guarantee of 
success, as illustrated by a recent report by Fogh et al. [34] In this instance 
LTB, from psorlatlc skm lesions was separated by extractlon on Sep-Pak Cl8 
cartridges and further purified by reversed-phase HPLC It was shown that the 
peak of LTB, coeluted with that of 5 (S,l2S) -dl-HETE so that the value of 
LTB, m the samples was best expressed as LTB, equivalents measured by a 
chemokmesls assay, even though the cross-reactlvlty of the antlbody agamst 
LTB, was only of 0 14% for 5 (S,12S)-&-HETE Interferences of HETE com- 
pounds were also noted by Bazan et al [ 351 m the RIA of LTC4 separated by 
HPLC 

A further conslderatlon of importance xn the RIA of HPLC eluates 1s the 
carryover of standards used to determine retention time windows for fraction 
collection As mentioned above, this 1s why It 1s best to mJect very small amounts 
of labelled standards to delineate the appropriate time zones for collection of 
analytes In any event, the inJection systems and columns need to be properly 
washed before mJectlon of the real sample, which should always be preceded 
by a procedural blank m which the elutlon zone of mterest 1s checked for re- 
sidual lmmunoactlvlty 

In some instances erroneous values are not due to interferences from other 
compounds but to artefactually raised levels consequent on preanalytlcal fac- 
tors associated to the samplmg process itself, as discussed m some detail in the 
recent literature [ 361 For example, with regard to measurements of TXBz as 
an index of thromboxane production m vwo and even though normal plasma 
basal levels are m the 2-3 pg/ml range, there are many discrepant reports 
placing this value around 50-100 pg/ml The problem can be circumvented by 
momtormga clrculatmg metabohte that cannot be artefactually generated [lo]. 
For this purpose, 11-dehydro-TXB, was selected as a more rehable parameter 
of thromboxane production. This work also raises an mterestmg point m that, 
as a function of pH, the dehydrogenated metabohte can occur m two forms 
with different physlco-chemical properties (rmg &la&one and acychc forms), 
so that antlbo&es against 11-dehydro-TXB, may recognize any of the two forms 
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differently For this reason and as the lmmunologlcal methods are usually car- 
ried out at physlologlcal pH, all standards and samples must be incubated for 
sufficient time to ensure complete hydrolysis of the lactone to the open form, 
which 1s the stable configuration at this pH [lo] 

Still, m other instances interferences may arise from non-lmmunologlcal 
sources generatmg a number of factors that are capable of disturbing the hgand 
antibody binding These factors are usually related to pH vanatlons, protein 
content or loruc strength Along these hnes, data have been presented on the 
lnhlbltlon of antigen-antibody bmdmg In the RIA of a PGFzc, metabohte due 
to release of interfering material (probably free fatty acids) from the plasma 
albumin in the course of protein preclpltatlon with acetone As a result, basal 
levels of the metabohte increased to a level about three to four times those 
considered normal [37] The same effect may be observed when samples are 
solid phase-extracted because of lmpurltles eluted from the columns [7, 81 
Also, the same group has recently dlscussed how certain batches of heparm 
give rise to increased levels of monitored PGs If used m relatively large amounts 
either m vlvo or in vitro to prevent blood clotting [ 71 

Finally, we have also experienced some problems related to non-specific 
binding and Interferences m RIA determmatlons of prostaglandlns (PGE,, 
TXBL and 6-keto-PGF,,) m rat urine Bnefly, when the appropriate labelled 
antigen or tracer was added to rat urine samples (5 ml) at a dllutlon of 1 7 
without antlbody, the bmdmg of the antigen was as high as 96% of the maxl- 
mum binding obtained with antibody This could be explalned by different 
mechamsms For Instance, the urine samples could contain compounds capa- 
ble of bmdmg the antigen, although perhaps the most hkely explanation would 
be that as the free and bound fractions were separated by preclpltatlon with 
dextran-coated charcoal, the charcoal could become saturated with Interfering 
compounds present m the urme so that free tracer would remam m the super- 
natant and It could be counted together with the bound antigen This would be 
an effect opposite to the adsorption of both tracer and antigen-antibody com- 
plexes when there 1s insufficient carrier protein to saturate charcoal binding 
sites for the complexes These observations are of Interest for the negative 
consequences these phenomena may have on the accuracy of the values re- 
ported for a given RIA Thus, at a dllutlon of 1 7 the values obtained for these 
prostanolds were much lower than those ln the hterature, whereas at 1 24 
dilution these values became normal The effect was not encountered, however, 
when the same procedure was applied to human urme samples In this Instance 
It must be taken Into account that 5 ml of rat or human urine correspond to l/ 
4 or l/500 of the total 24-h urine volume, respectively, so that the concentra- 
tion in rat urine would be higher and In fact it has been experimentally verified 
that rat urine 1s less clean than human urine 
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7 VALIDATION OF RIA RESULTS 

Consldermg all of the above facts, lmmunoassays would need to be properly 
validated to ensure the rehablhty of results For this purpose there are several 
options open that range from the very simple tests of mhlbltlon with aspirin 
or other anti-Inflammatory drugs to the use of sophlstlcated equipment, such 
as combined GC-MS techniques In terms of speclficlty and sensltlvlty, the 
latter 1s indeed the best method to check for the speclficlty of a given RIA 
Depending on the type of sample and the compound (s ) momtored, the corre- 
lation between RIA and GC-MS values may be 0 9, with good agreement with 
actual values, as recently shown for LTB, m human neutrophll samples [ 381 
or for 6-keto-PGF,, and TXB, m breast tumours [ 151 However, although 
these comparisons may uncover a good correlation, the actual values may be 
higher than those obtained by GC-MS, as reported for Instance for 5-HETE 
m a solid phase (Sep-Pak) -extracted sample of a lung extract, where the RIA 
values were 70% higher [ 391 This proves the contrlbutlon of interfering com- 
ponents m the sample, as further demonstrated by the fact that these high 
values attamed levels closer to those obtained by GC-MS after an ad&tlonal 
purlflcatlon by HPLC 

Further or alternative vahdatlon of the accuracy of an RIA procedure can 
be obtained from simple tests such as the parallehsm test, whereby samples 
subjected to various dllutlons must give RIA plots parallel to that of the stan- 
dard For consistency of results, samples should be always assayed at at least 
two dllutlons 

Also, the response from samples treated with enzymatic mhlbltors should 
drop to values close to zero if there 1s no contrlbutlon from non-specific bmd- 
mg This 1s Illustrated m the example m Fig 6, where the basal levels of TXB2 
and PGE, generated by cultured monocytes were reduced to values close to 
zero m the presence of mdomethacm On the other hand, the concentration of 
both compounds increased, as would be expected, after stlmulatlon of the cells 
with zymosan [40] In another example, the amounts of elcosanolds formed 
by isolated rat glomeruh were reduced by 90% with BW755C, a dual cyclo- 
oxygenase and hpoxygenase enzyme mhlbltor However, the concentration of 
LTB, m particular was reduced by only 44%, confirming that not more than 
25% of the mltlal lmmunoreactlve material was LTB4 The remainder was not 
recovered at the HPLC elutlon window of LTB., [41] Alternatively, the RIA 
method should also respond to the addition of known amounts of the mom- 
tored compound to specimens pretreated or not with enzymatic mhlbltors or 
with a controlled diet suppressing this compound [22] 

On the other hand, as stated above, HPLC may also serve as a complemen- 
tary method to validate the accuracy of an RIA determination In these m- 
stances, samples may be quantified by measuring the integrated absorbance 
with a UV detector at the column outlet, and these values can then be com- 



241 

Fig 6 RIA levels of TXEi, and PGE, m monocyte cell Incubates [ 401 INDO = mdomethacm, 
ZYM = zymosan 

TXB2 LEVELS 

F’g 7 TXB2 levels In urme and monocyte cell incubates as determmed by direct RI* of solId_ 
phase extracts Or hy RIA of the same fractions after addItIona] purlGcatlon by HPLC ( l ) 

pared directly with lmmunoreactivlty data [ 11, 34, 42, 431 Recent data from 

Our laboratory on the production of TXB, by monocyte cells in culture [ 40 1 

and On the concentration of this prostanold in urine samples shows that RIA 
va[U@ are alWaYS lower If obtmed on HPLC-purified fractions (see Fig 7 ) 

In one instance the difference observed between direct RIA and RI-A with 
HPLc_purlfied fractions is very noticeable (from about 250 to Over 1200 pg 
per 1oc cells) polntlng to Interferences m the duect assay However, depending 
on the type ,‘f Samplet In other Instances, the values may agree much better’ as 
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shown, for example, m a study [44] on the role of PGE, m attenuating pul- 
monary oedema provoked by hydrogen peroxide In this instance, both RIA 
and HPLC analysis detected increased amounts of 5-HETE m the perfusion 
medium of hydrogen peroxide-mJured lungs (RIA, 48 0 + 14 7 ng; HPLC, 
54 85 13 5 ng) relative to controls (RIA, 6 6 + 16 ng, HPLC, 6 8 ? 19 ng) The 
mcrease was reduced with PGEl (RIA, 29 2 + 8 3 ng, HPLC, 29.8 ? 7.6 ng) 
These data show that the excellent correlation between HPLC and mdepen- 
dent RIA values proves that the latter are free from the effect of interferences. 

Also, taking into consideration that, as already discussed, HPLC purlfica- 
tion of extracts, while providmg fractions contaunng mostly pure isolated com- 
pounds, does not ensure that this is always the case, the accuracy of results 
could be greatly improved by collectmg the fractions m two different HPLC 
systems In practice this is not usually done, but by runnmg the extract under 
two different eluent and/or column systems and momtormg the fractions with 
the same RIA one could rely on the absence of mterferences from coelutmg 
antigemcally active compounds if the RIA values were to agree m the two sets 
of fractions 

On the other hand, for all practical purposes and unless one IS specifically 
interested m accurate absolute values, the results of RIA studies showmg poor 
accuracy (e g , higher values) but good correlations with those obtained with 
a vahdatmg techmque can still be useful m a biomedical setting. This is be- 
cause m many instances the answers sought from lmmunoassays are relative 
changes occurrmg m quantitative values after certam manipulations or phar- 
macological treatment of the specimens 

8 LIMITS OF DETECTION 

Low limits of detection (the smallest amount of substance assayed that can 
be measured) are one of the prmclpal assets of RIA which, if properly per- 
formed, can be extremely sensitive for certam substances m biological samples 
In fact, the sensitivity of immunological methods is only matched by negative- 
ion selected-ion momtormg GC-MS methods Usually, detection hmits are 
reported m the low picogram range, although they can even be much lower, 
especially when using 1251-labelled tracers of very high specific activity. For 
instance, the sensitivity of RIA determmations of 6-keto-PGF,,, TXB2 and 
PGE, m plasma of diabetics carried out with a commercial “‘1 RIA kit was 
reported to be 0 2,0 7 and 0 02 pg/ml, respectively [ 451 The sensitivity of the 
assay was defined m this instance as twice the standard deviation at zero bmd- 
mg A useful and at the same time mformative way of defining the practical 
limit of detection for quantification purposes is as given by Cox et al [ 111, the 
amount of analyte that gives a response n times greater than the mtra-sublect 
standard deviation of the sample background 

In ultimate terms it could also be said that considerations regardmg detec- 
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tlon limits are what dictates, m addltlon to mterfermg factors already dls- 
cussed, the requirement for preconcentratlon of the compounds to be quantl- 
fled Thus, whenever the concentration of a component to be measured m a 
sample IS below the detection llmlt of the avallable RIA kit, the sample needs 
to be extracted and the component concentrated [ 361 by any possible means, 
mcludmg HPLC purlflcatlon 

9 SELECTED APPLICATIONS OF HPLC-RIA PROCEDURES 

The data m Table 3 give a general overview of the most recent apphcatlons 
of RIA applied to sohd phase-extracted and HPLC-punfled fractions Unfor- 
tunately, the hterature search on which this review 1s based also uncovered a 
few interesting apphcatlons which do not provide sufficient mformatlon on 
the experimental approach to allow their mcluslon As shown, appllcatlons are 
entered by sample type and compounds ldentlfied by RIA with a brief summary 
of the methods used for solid-phase extractlon and subsequent HPLC punfi- 
catlon of the sohd-phase extracts This table can be considered to be repre- 
sentative of the work reported m the most recent literature wlthm the last four 
to five years As can be seen, with the exception of a smgle case [ 351, all of 
these apphcatlons mvolve a solid-phase extractlon on Sep-Pak-type cartridges 
with recoveries that m many instances are > 90% (see Sectlon 3) Powell’s 
elutlon method [ 121 for elcosanolds or modlficatlons are usually encountered, 
methanol-ethyl acetate or methyl formate being the most commonly used sol- 
vents to recover the elcosanolds retained by these cartrldges Further punfi- 
cation by HPLC 1s carried out on octadecylsllane reversed-phase columns with 
mobile phases which are RIA-compatible after evaporation The most com- 
monly used mixture m this regard 1s composed of methanol or acetomtnle, 
water and acetic acid m an lsocratlc mode, although a few apphcatlons resort 
to gradient runs [21,33,46] 

10 ENZYME IMMUNOASSAYS AS ALTERNATIVE NON-RADIOACTIVE METHODS 

The HPLC-punfled antigens can also be determmed by alternatlve non- 
radloactlve lmmunologlcal methods based on the momtormg of the products 
arlsmg from enzymatic reactions The enzyme lmmunoassays (EIAs) not only 
avold all of the problems related to the use of radloactlve material, such as 
mstablllty of labelled products and cost of their lsolatlon and disposal, but also 
should allow the determmatlon of radloactlve hgands, for mstance m meta- 
bohc tracer studies, which would not be possible by RIA Several EIA methods 
have been described for various PGs and also for thromboxane and LTs, all of 
them provldmg data of quahty comparable to those obtained by RIA EIA 1s 
dependent on the competltlon between enzyme-labelled and unlabelled antl- 
gens for the bmdmg sites of a sultable antlbody followed by the assay of enzyme 
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activity When the enzyme-labelled antibody is immoblhzed on a sohd-phase 
support, to slmphfy the separation of antibody free from antibody-bound an- 
tigen, the assays are known as enzyme-linked lmmunosorbent assays (ELI- 
SAs), as opposed to precipitation methods for EIAs Basically, the experlmen- 
tal procedures of an EIA developed, for mstance, for TXB, involve the followmg 
steps (a) preparation of the antibody as for RIA (conlugatlon of TXB, to a 
smtable protein and immumzatlon of ammals with subsequent collection and 
storage of serum), (b) couplmg of TXB, to the enzyme /3-galactosldase, (c) 
bmdmg of the antibody to a polystyrene tube by mcubatmg for 1 h at 37’ C; 
(d) addition of sample solution and enzyme-labelled TXB2, (e) mcubatlon 
and washing of the tube, and (f) addition of a suitable enzyme substrate such 
as 4-methylumbelhferyl-8_&galactoslde and measurement of the fluorescence 
of the resultmg product, 4-methylumbelhferone [ 571 More recently, the same 
basic procedure has been described by the same authors for 13,14-dlhydro-15 
keto-PGF,, m human blood [ 581 

In both mstances the antigens to be monitored had been previously purified 
by HPLC and m terms of detectability both RIA and EIA were comparable 
and m the low femtomole range Likewise, satisfactory correlations were ob- 
tamed between EIA and RIA ( r > 0 9 ) and between EIA and GC-MS As hap- 
pens m RIA with the specific activity of radioactively labelled tracers and af- 
finity of the antibody, the ultimate sensltlvltles of the EIA methods depend on 
the use of enzymes of high specific actrvlty, such as acetylcholme esterase, 
which has been reported to provide EIA sensltlvltles equivalent to, or better 
than, RIA [59] 

Good correlation of RIA and sohd-phase EIA was also reported in a study 
on the basal levels of PGDz m rat brain [ 601 Sample preparation for EIA and 
RIA included solid-phase extraction on ODS cartridges and reversed-phase 
HPLC In this instance PGD2 was labelled with horseradish peroxldase (HRP) 
The anti-PGD, antlbody was coated on polystyrene, twelve-well, flat-bot- 
tomed microstrips PGD,-HRP and free PGDa m the samples competed m 
solution for a fixed number of antibody sites on the wells The proportion of 
PGD,-HRP bound to the antibody was reduced as the concentration of free 
PGD, Increased, with the result that after appropriate washing procedures to 
separate antibody-bound from free PGD, tracer the measured enzyme activity 
on the wells decreased In this instance, 3- (p-hydroxy=phenyl)proplomc acid 
and hydrogen peroxide were used as substrates to momtor the activity of the 
enzyme 

As the antibody cross-reacted to a slgmficant extent with PGD, and PGD,, 
these mterferences were effectively suppressed by the HPLC separation Thus, 
as indicated by the authors, with the aid of the HPLC purlficatlon the EIA for 
PGD, can detect amounts as low as 3 pg per assay 

The development of EIAs can also make use of the double- or triple-antibody 
methods, as described m the preparation of an ELISA for LTs [61] In this 
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instance, rabbit antl-LTC, antiserum was coated wrth goat anti-rabbit globu- 
hn linked to fluorescem lsothlocyanate (FITC) and then a thrrd antibody, 
rabbrt anti-FITC globulm linked to alkalme phosphatase was added The sub- 
strate was a solutron of p-rntrophenyl phosphate and, as the actrvrty of ad- 
sorbed alkalme phosphatase was much higher than that of the other antlbod- 
les, the overall sensitivity was much improved 

11 PERSPECTIVES IN BIOMEDICAL APPLICATIONS 

From the data avarlable in the hterature, rt seems that RIA methods have 
contributed greatly to furthering our knowledge n-r the field of ercosanold me- 
tabohsm and function rn a wade diversity of biomedical apphcatrons Also, it IS 
evident that the potential of the techmque has been defimtely strengthened by 
the apphcatlon of highly efficient HPLC purification techniques and sohd- 
phase extraction procedures All of these technrques are capable of compen- 
sating for the lack of specificity of many RIA procedures, especially when ap- 
phed to a family of closely related compounds With these conslderat,rons rn 
mind, rt becomes evident that liquid chromatographlc purificatron prior to RIA 
will not only contmue to be used but also that it will become a routine proce- 
dure m many applications Nevertheless, on account of all of the shortcomings 
assocrated with the use of radloactlvely labelled material, in many Instances 
the RIA methods will be replaced by EIAs although these still need to be prop- 
erly standardrzed for practical purposes Llkewrse, one of the main challenges 
of immunoassay methods n-r general hes m the full automation of the chro- 
matographlc purification In this regard robotrcs and laboratory mformatlon 
management systems will undoubtedly play a major role m the near future and 
will contribute to reducing the overall costs of these assays In tins regard, 
nowadays it 1s well proved that sohd-phase extractron, 1nJectlon into HPLC 
columns and collection of eluate fractions are steps readily amenable to fully 
automatic performance Further, the technology for automatic operation of 
varrous of the immunoassay steps, such as prpettmg, diluting, dispensing, scm- 
tdlatlon countmg and reportmg, IS also commercially available so that a fully 
integrated automatic system should not be too far off m the future 

12 SUMMARY 

An evaluation of the most recent literature on the determrnatlon of ercosa- 
nolds by immunoassay methods confirms that owing to the inherent lack of 
specificity of many of the antibodies used for thus purpose, lmmunologlcal as- 
says (radioimmunoassay or enzyme immunoassay) are often preceded by sohd- 
phase extraction followed by further punficatlon of the antrgens of interest by 
routine reversed-phase high-performance hquld chromatographlc methods In 
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this way the analytical potential of radlolmmunoassay 1s remarkably enhanced 
and accuracy and precision of the assay are ensured 
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