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SUMMARY

Methods for the analysis and purification of lipophilic su-

14

bstances labelled with °H or ¢ ave outlined. The necessity of

using various techniques based on complementary principles is
emphasized. [n addition, new developments in instrumentation for
the quantitative analysis and preparative isolation of labelled

substances are described.

I.IR0DUCYIOR

Chromatograihic techniques applicable to the fractionation of
lipoprilie compounds became available long after methods for the
separntion of water-soluble substances had been developed. Beth
thin-layer clromatography (TLC) #nd gas-liquid chromatography
(4LC) were evolved primarily with an aim to analyrze lipide.

Orieinaily, thin-layer chromatography was used exclusively as

an adsorption method, Lut soon other principles of curomatography
were adajted t¢ this techniyue and it became a highly expedient
nethod slso in laboratories engaged in work on water-soluble
substances. Within a few years, the enormous resolving power of
gas-1iquid ciiror. tography was recognized, and soon this technique

was also rdapidly adupted to tlie unulysis of water-soluble substances,
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Thin-leyer chromutography and gas-liquid chromuatography ure the
methods of choice for assessing both the chemical and the
radiochemnical purity of labelled aliphatic und alicyelic 1ipids.

Both thin-layer chromatography and gas=-liguid chrom tozraihy are
not only analytical methods, but their use as prepirative toeols
is amply Jjustified especially in work with radiocactively labelled
compounds where relatively small samples have to be purified

by the most rigorous means,

The present review deals with new developments in technique and
instrumentation for the chromatographic analysis and purification
of labelled lipophilic substances. Some anxillary ueti.ods are
discussed briefly. Only the litersture from 1965 on is considered,
as this topic has been treated comprehensively in monographs on

“c— and 3H~ labelled compounds(1'2) a8 well as in chapters on thin-

(3,4) ny(56).

layer chromatography and gas-liquid chromatogr.

CHROMATCGURAPHY AS AN ANALYTICAL TOOL

Chromatographic methods are widely accepted for the analysis

of labelled substances. It should, however, be realized that
the complete resolution of a complex mixture can, 83 a rule,

be acoemplished only by the combination of several techniques
bused on complementary principles. It is advantageous to apply
firet a method that yields few but well defined fractions, and
then to resolve each fraction by more discriminating techniques.
For example, cerplex mixtures of lipids can be resolved
completely by a stepwise fractionation, employing, first,

adserption chronatography, then, argentution chromatougraphy and
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finally reversed-phase partition chromutography or gas-liquid
chromatography. Each of these steps effects a dietinct patternm
of fractionation, and the various principles of chromatography

complement each other.

Thin-layer chromatography is popular owing to its simplicity,

speed and versatility. The procedures used commonly in the
evaluation of thin-layer chromatograms include elution annlyaia(3’4),
strip acauaing(7), autoradiography(s") including fluerography(s)

and zone analyais(g). A spark chamber has alse been devised feor

the detection of radioactive substances cn chromatoplaton(1°).

Elution analysis can be quite reliable, but it is tedious.
Strip scanning is suitable for qualitative work, however, this
method is rather insensitive and often unsatisfactory for
yuantitative analysis. Autoradiography, though sensitive,

requires much time and quantitative results are difficult to

achieve by this technique; at least when applied in conjunction
with adsorption chromatography., Nevertheless, autoradiography of
thin-layer chromatograms is ¢cnsidered indispensable as an

ad juact to other methods because it permits visualizing all
components separated, yields permanent records, and is
inexpensive. -- Among the conventional methods, zonal profile
scanning provides by far the highesat sensitivity, best
resolution and most precise jyuantitation in the assay of
thin~layer chromatograms, howetver, this method ie rather

elaboriate and costly.

During the past years, considerahle progress has been made in

crvantitative =dsor; tion thin-layer chromatograpby dy the use of
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vapour-phase dotoetore(11'12'13'1"15). A scannor(16’17)

described recently permits the detection and quantitative

analysis of organic substances on thin-layer chromatograms.

Substances %o be analyzed are chromatographed in glass or qguartz
tubes that are coated internally with a thin layer of silica

gel or mixture of ailica gel and cupric oxide. After reamoving

the developing solvent, the tubular thin-layer chri-matograms are
assayed in the "TLC-Scanner™*. In this instrumeat the substances
in the various chromatographic zones are vaporized consecutively,
either by pyrolysis or by combustioa, and the resulting products
are monitored by a flame ionization detector or a thermal
conductivity detector. Scanning is dore by moving the tubular
thin-layer chromatogram gradually through a ring-shaped furnace
kept at 600-800°C, A carrier gas, nitrogen or helium, flowing
through the tubular thin-leyer chromatogram delivers the products

of pyrelysis or combustion to the mass detector.

The flow diagram of = scanner equipped with a flame ionization
detector, is shown in Pig. 1. The preducts of pyrolysis from

the silica gel layer are monitored by the flame ionization
detector, either directly, or after their conversion to

methane. Similarly, tne carbon dioxide formad by in situ
combustion of the substances on the layer consisting of siiica
gel and cupric exide is rsduced to methune and sonitored, If

a thermal conductivity detector iz used, the products of
combustion are passed through a water trap und the curbon dioxide

in the effluent is menitored.

*) Paokard-Becker B.V., Delft, Tre setherlunas.
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Tr.is device can bte used for the radio-asaay of thin-layer
chromitograus if a proportional flow counter iz employed for
monitoring radioactivity(15). However, such arrangements are

not very satisfactory, when low activities are to be measured.

The redioactivity in various zones of a tubular thin-layer
chromatogram is determined accurately and cunveniently when
the TLC-Scanner is coupled with a collection dovioo(18) as

shown in Fig. 2.

The radioactively labelled compounds in tubular thin-layer
chromatosrams are guantitatively converted to 14002 and/or

3H,,O, either by pyrolysis on layers of silica gel, and subsequent
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Pig, 2. Agplication of ithe "ILU~Iicanner” in the yuuntiti:tive

analyais of labelled suhetanccs(18).

combustion over cupric oxide, or by combustion in situ on layers
consisting of silica gel and cupic oxide. The producta of

combustion are collected serially in fraction tubes uvsing a

methanolic solution of liyamine** as the trapping licuid. A
three-way valve in the line of gaseous effluent emerging

from the TLC-Scanner permits serial collection of fractions
with negligible loss of redioactive material. The content of
each fraction tuba is transferred to a counting vial using

a scintillator solution and the radioactivity ie messured in
a liquid scintillation spectrometer. The recovery of ‘4002 and
3H20 is over 95 %,

##) Packard Instruments, Downers Grove, Ill., U. S. A,
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Tige 7o Uistrioution of radioactivity und mass in thz various
zur=e of tubular thin-layer chrom-tograms of a, I1-’4CJ
wicaunvlzlyeerel, purified by a single crvstallisation, and

t, otter liuor froa tne above crystallization(18).

Fig. 3 shows typical applications of the TLC-Scanner in the
analysis of labelled substances. A sample of ) -{}-14qjhoxndocyl
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glycerel, specifio activity 7.2 uCi/mg, was purified by a single
orystalligation from ethanol., Both the crystalline produoct

and the mother liquor were chromatographed in tubes coated

with eilica gel containing 15 £ of cupric oxide; hexane:diethyl
ether, 70:30, v/v, served as developing solvent. After removal of
solvents, the tubes were scanned for both radioactivity and mass.
The scans indicate that the product obtained by crystallization
atill contains about 30 % impurities.

This example shows that both radioactivity and mass in various
zones of a thin-layer chromatogram cun be conveniently monitored.
Simultaneous recording of radioactivity and maes is accomplished
by means of a stream splitter. Absolute determination of mass
can bs carried out by the use of an internsl stundard or by

the injection of a known amount of carbon dioxide in the mass
detection aystcm(15). Thus, both radiochemical and chemical

purity of labelled compounds can be assessed and their =s:ecifie

aotivities determined, These are distinct advantages over the
methods involving auteradiography of chromatuplates or liyuid

scintillation counting of scraped zones.

In gas-~liquid chromatography two types of methods ure generally
used for detecting radioactively labelled substances. The effluent
can be continuously monitored in the vapour vhase using flow-
through radiastion detoctore(19). guch as ivnization ciawbers,
proportional counters and scintillation counters., Altarnatively,
the effluent can be collected serially or continucusly; in a
trapping liquid and the radiocactivity meuasured in a apectrometer
using either counting vials or a flow cell. It is generaiiy

advantageous to either combust the radiouctive subutunces to
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14CO2 and 3H?O or to convert them into 14002 and 3H2 before
the effiuent cerrier gas is delivered to the dotoctor(20'21)

or to the travping liquid.

Some common drawbacks with most of the flow-through radiation
detectors arc their inability to monitor low activities,their
poor resolution and their undesirable memory effects. In general,
the systems involving collection of the radioactive effluent in
a trapping liquid are superior for quantitative detection of

substances, especially of those with very low specifio activities.

Recently, several devices have been described which overcenme

some of the difficulties encountered in radio-gas chromategraphy.
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Pig. 4. A combustion-flow counting system for radio-gas
chromatography(22).

1, Injection port; 2, Column; 3, Reference column; 4, Solvent
venting valve; 5, Combustion furnace; 6, Copper shot; 7, Stainless
stesl tubing; 8, Packing of anhydrous magnesium perchlorate;

9, Three-way wvalve; 10, Microthermistor detecto.; 11, Detector
control unit; 12, Amplifier; 13, Counter tube; 14, Trap for

14002; 15, Digital integrator and power supply for rate meter;

16, Digital printer; 17, Dual pen rescorder.

A continuous monitoring systsm(22)

which uses a prowortional
flow counter is shown in Fig. 4. The totsl effluent from the

&a3 chromatographic column is passed over cupric oxids at 800°%¢
and the carbon dioxide formed is measured by a microtherumistor,
The radicactivity of the carbon dioxide, after mixing with
propane, is measured in the proportional flow counter. Both mass
detector and proportional counter operate without contamination,
at ambient temperature, and 200-100000 dpm of '4C can be
detected in a given peak, Dynamie efficiency of the radiocactivity
detector at an effluent flow rate of 52 ml/min and a counter

volume of 27 ml is about 40 %.

A specially designed flame ionization detector has been used to

monitor the masse of radioactive ocomponents in the effluent of

(23). Fron the detector, the

a gas chromatographic column
combustion products, HQO and 002, can be recovered quantitctively.
The carbon dioxide is trapped in speciel absorbers which :=re

connected with the detector. Subsequent measurement of 140

aotivity in the absorbing liquid is carried out by hetervgeneous
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it ti31: tion counting. Using suitable absorbers, other isotopes,

cuch 2o OB and 7S can be absorbed in the form of 3590 and

j’ﬁﬁ, und measured.
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#ig, 5, An automated system for condensation of the
effl.rnt fror. zas chromutopraph in a scintillation adlvont(24).
A, Stainless stesl collection tube; B, Aluminium tube;

0, Teflon slseve; D, Glass tee joint; E, Damping reservoir;

P, Counting vials; G, Solenoid operated glass valve,

In a system shown in PFig. 5, 140 and 3H in compounds separated

by gas chrometography can be detected by automated serial

collection of fractions with subsequent scintillation counting(24).
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A sointillation liquid is used for scrubbing the effiuent, Semples
having activities around 1-10 nCi/mg can be easily detected in
this system. The countinyg efficiencies are of the same magnitude
as in conventional 1liquid scintillation counting.

Carrier
]‘fﬂ .2®l T J_Lz
(O

| L:L?;ME r‘*";L[’_“ﬁEii

1 ] -

o<

Carrner —_ :
gas
3

Inyactien

Pig, 6., A system for continuous collection and detection of
rudioactive effluents frow o _as chromatograph(ZB),

1, Gas chromatograph; 2, Splitter; 3, Flame joniuzation detector;
4, Container with acintillation liquid; 5, Peristaliic punr;

6, Liquid scintillation spectrometer; 7, “wo-pern reccrder;

8, Praction collector.

Another syatem(25) described recently for continuous collection
and monitoring of radiocactive effluent from a gas chromatsgraph
is shown in Fig, 6. The effluent from the column is continuously
dissclved in a stream of ecintillation liquid. After most of the
carrisr gaz has heen separated, the liquid is pessed through

a helical flow cell which is inserted in a l1iquid scintillation
counter. Por accurate determination of radioactivity, fractions
of the scintillation liquid are collected and mesasured in a
liquid scintillation speotrometer, This syster ensures good

resclution and high sensitivity, und it is suitsavle for couwpounds
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that ere labelled with two different isotopes. The counting
efficiency for 140 45 85 % and for 3H, 17 %.

Collection syatems, in which the hot gaseous effluent is contacted
with the cold trapping liquid, have an inherent disadvantage

dus t5 occasional formation of aerosole that are not trapped
completely. Such a drawback is overcome, as mentioned earlier,

if the effluent ie combusted over cupric oxide and the resulting
mixture of radiosoctive carbon dioxide and water is trapped
serially in a suitable 1liquid, such as Hysomine hydroxido(zs)

or & solution of Hyamine hydroxide in a scintillation liquid(27).

The producte of combustion are recovered quantitatively, and

thelr radiocactivity is measured.

Liquid chromstography in columns has received & good deal of

attention during recent years despite of severe limitations in

the detection systems and highly expensive instrumentation.

Several uevices aave been reported recently for monitoring in
spite of radiosctive effluents from ligquid chromatographs. These
are based on liyuid scintillation counting in either heterogeneous

(7e,23,30) (30,31)

or homogeneous systems.

A houzogeneous aystcm(3°) is shown schematically in Pig. 7. The
ccluan effluent cuerging from the UV-detector is mixed with

t:.e scintillation 1iguid and the pixture is passed through

an empty helicz] flow cell located inside a liquid scintillatien
spectrometer., The ccunting efficienoy is about 80 % for 140 and
2% % for SH. In 4 similur setup, heterogeneous counting can be
carried 2cut by passing the effiuent through an U-shaped rlow

cell fillel with glass scintiilation beads. However, tre counting
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Mg. 7. A device for continuous monitoring of radioactive
effluents from a liquid chromatograph(3o).

1, Column; 2, UV-Detector; 3, Two-pen recorder; 4, Liguid
scintillstien spectrometer; 5, Helical flow cell; 6, ucintillator
solution reservoir; 7, Proportionating pump; 8, kixing spiral;

9, Praction colleotoer,

efficiencies are rather poor (17 ¢ for Ve and ¢.2 5 for 3'zi).

In view of the high sensitivity and excellent accurucy of the
new devices for menitoring rediocuactivity in the verious
chromatographic systems, one should consider analy=zing "cold"
mixtures by the isotopic derivative tecanique, that is,

after labelling their constituents with a radiocactive

roagent(sz).

CHROMATOGRAPHY AS A PREPARATIVE THOL

Methods used in the analysis of radioactively labelled
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supstances are easily scaled up to permit the isolation of
pure compounds from the products of a chemical synthesis or

from a mixture of natural substances.

In synthetio prepurations, the potential impurities can be
surmized from the route of synthesis. Ao a rule, the starting
material, the various intermediates, and the final product of
a syntieuis differ in regard to their funetional groups and
polirities. These substances can usually be resvlved by
adsorption chromutography, and the desired compound is isolated

engily.

In prepurations obtained by bivsynthesis, impurities might
comprise a wide range of substances, including homologous and
vinylogous compounds as well as positional and geometriocal
isomers, which cannot be resolved completely by adsorption
chromatography or by any other single process. Complementary
principles of fractionution must therefore be exploited
successively for isvluting the desired compound. As in the
analysis of such complex mixtures, adsorption chromatography
should be followed by argentation chromatography and reversed-
phase partition cliromatography or gas-liquid chromatography.
his sequence is not only logical, as it leads from the least
discerning to the most discriminating principle of chromategraphy,
but it is slso practical in regard to the size of the sample
that can be fractionanted conveniently with the methods based on
ti.ese principles.
Adsorption chromatography on layers of silioca gel effects more
satisfactory separations thaen column chromatography using the

sume adsorbent. Fractionation is most efficiently carried out
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in two stope(33)x Pirst, the major constituents are isoclated

by chromatography on adsorbent layers, 0.5 to 1 mm thick.
Practions that are not completely resolved on such rather
"thick" layers ocontain the minor components in a ratio which ise
more favorable for an efficient fractionation at the subsejuent
stagce, These fractione are resolved by chromatography on layers,

0.25 mm thick, and the minor components are thus isolated,

Substances that are not separated satisfactorily can sometinies

be well resclved after converting some of them into derivatives,

The techniques described above are also applicable to argentation
chromatography.

Reversed-phase partition chromatography is test carried out
(34)

using columns as the capacity of iayers impregn.ted with
a non-polar stationary phase is very low., T.:> separations tnat
can be accomplisiaed by means of rsversed-piase partition
chromatography can pe carried out much faster oy gus-liguid
chromatogravhy and, therefore, reversed-phase partition
chromatography in columns is seldom being used. In the uuthors
epinion, this is not justified becauss the latter technique

permits the fractionation of much larger samples. lioreover,

there is no danger of decomposition due to heat.

Gas-liquid chromatography is especially useful for the isolation

of the components of a homologous and vinylogous seriea(35).

Prior to its fractionation by gas chromatography, the samples
should be purified by adsorption chromatography to ascertain
that they are fres of extraneous substances. Fractions isol. ted

by gas chromatography can be freed of stationary phase ("bleed")
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by adsorrtion chromatography. Especially with unsaturated substances
it is worthwhile to check whether the material isolated has
undergone chemical alteration such as isomerization and

cyclization.

It is mandatory that both the chemical and radiochemical purity
of substances isolated b, chromstography be "cress-cheoked"

by analyzing them with complementary techniques,

H0W PURE ARE "Ciiil0iinTOGRAPULICALLY PURE™ SUBSTANCES?

The designation "chromatographically pure™ has largely replaced
other criteria of purity and is nften considered to be thea
ultimate proof of purity. We feel that homogeneity in a
particular system cf chromatography is not in itself sufficient
to verify the identity end purity ef a compound,

The following sxample demonstrates thaut a substance that behaves
&8 an entity in one or twoe chromatographic systems is not
necessarily a pure compound. The methyl esters of unifermly
labelled oleic, linoleic, and linolenic acids are analysed by
adsorption thin-layer chromatography, argentation thin-layer
chromatography, reversed-phase partition thin-layer chromastography
and by gas~liquid chrom:tography. Pigure g shows autoradiographsg

of the chromatograma,

Adsorption chromatography (Fig. 8, a) verifies that each of
the three esters is pure in regard to lipid class. However,
argentation chromatography (Fig. 8, b) shows the presence ef
small amounts of configurational isomeras in each sample of

the supposedly all-cis compound. Reversed-phase partition
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Mg. 8, Autoradiographs of chromatograme of 1, Methyl U-14C

oleate; 2, Methyl U-1‘c linoleate, and 3, Methyl U-14c linolenate.
The esters were fractionated by a, Adsorption-TLC; b, Argentation-
TLC, and ¢, Reversed-phase partition—Pc(36).

chromatography {Pig. 8, ¢) indicates that the preparations of
methyl esters are pure in regard to chain length and number of

double bonds.

Figure 9 shows the autoradiograph of a chromitogram of wethyl
U-“C linolenate on an adsorbent layer part of which was

impregnated with silver nitrat.(37)

. Obviously, this methyl
ester does not contain the corresponding fatty acid or other
classes of compounds, but it is not uniform with regaurd to the

configuration of double bonds.
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Pig. 9. Two-dimensional TLC of methyl U—14c linolenate on an
adsorbent layer, part of which is impregnated with silver

nitrate.

Ges c..romatographic analyses of methyl U-14C oleate and

et .yl U—‘4C linoleate indicates that these samples are pure

cou; ounds, However, a gas chromatogram of methyl U-"C linolenate
shows the presence of an impurity; the record is given in FPig. 10.
Phis contaminant has beer isolated by gas chromatography and found
to be radioactive, but it could not be identified.

It is thus evident that for the complete analysls or purification
of a sample it is essential that various seyparation methods be
employed consecutively. The term "chromatographically pure" is
meaningful only if various techniques based on compleumentary
principles of chromatography do not effect any further
fractionation of a substance, Nevertheless, chromatographically
pure substances are not necessarily pure individual compounds,

as can be denonstrated by classical methods of analyasis.

Physical constants and ctiemical reaotions are still indispensable
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' 32 102428 | 2762 | 5677 843 4a74 332 293 dpm

Pig. 10. Gas chromatogram of methyl U-14C linolenate. The
distribution of radicaotivity in fraotions of the eluate i
indicated(36),

for tne ch:ructerization and identification of substunces isyisted

by chromstosraphy,.

STABILITY OF LABELLED COiPGUNDS

It is weil known that radiouctively lnbelled organic cuowwunds,
including lipids(aa), suffer radiation-induced uecom.usition

(1,2,39,40)

during storage This effect cun be minjimized il

certuain nrecautiona are taken(39’40).

In our onininn, the extent of self-decom;usition s frequeatl,
overestimated, The impurities found in preparations of l:belled
compounds s#re not necessarily producte of radioztion-induceu
decomposition. yuite often, such impurities «re, in fuct,
intermedi: tes and side-products in the synthesis of these
compounds. In addition, sumples of unsaturated subsatauces may

contain sutoxidized and polymerizec Lu.terial; ranuiution cert: ..y
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enhunces the formation of such products via free radical reactions,

if oxygen is not rigorously excluded.

The methyl esters of oleic, iinoleic and linolenic acids
unifornly labelled with 140 in the order of 100 uCi/mmole,

a level sufficient for metabilic atudies, are stable for years

if stored under appropriate conditions(SG)

« Figure 8 shows
chroms tograms of methyl esters that had been kept under

nitrogen in sealed ampoules at -30°C, for ten years.

Similerly, triglycerides labelled with either 1271 or 151

I
virely undergo any self-decomposition during storage. The radio-
iodinzted futs are stuble for as long as five half-1life periods,
t:int is the time these substauces can be of practical use in

clinieal diagnosis(41).

CoNCcLyu I 18

i'seres of radicactively labelled substances often complain about
the unsatisfactory purity of commercially avallaile products.
It is generally accepted that the indiscriminate use of such

preparations cen lead to a waeste of time and effort.

Although it is realized th:it impurities may urise by radistion-
induced decoaposition, many contaminarnts are, in fact,

interunedintes and side-products of syntheses.

Tfficient ueti.oius Ior tne unczlysie of radioactively lahelled
ligoprilic couamjpounds ure now avaliuble, and technigques for the
iurificatioa of suchh substances can be carried out in any

lovoratory. Twercfore, investigators snould be urged to analyze
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labelled suostancee prior to their use and to purify trem, if

necessary.

The predicate "chromatographically pure" means little unless
the purity of a substance has been established by various
chromatographio procedures based on complemsntary principles.
With the available methodology, specific.tions and criteria of
pure labelled 1ipids and related compounds should now be

established,
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