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SUMMARY 

Methods j'or t'ie analysis  and p u r i f i c a t i o n  of l i p o p h i l i c  su- 
bstances Labelled with 3H or  l4C are out l ined .  The necess i ty  o f  
using various techniques based on complementary pr inc ip les  i s  
enphasized. In  addi t ion ,  new developments i n  
the quant i ta t ive  analys i s  and preparative isoZat ion o f  label led 

substances are described. 

instrumentat ion for 

Chronatogrti,hic techniques app l ioab le  t o  tho f r a c t i o n a t i o n  of 

1 i l : o p t i l l c  compounds becacru available long after mothods f o r  the 

seyar>r t i o n  a f  water-soluble eubetancoe had beon dovelopod. Both 

th in- layer  cl.rwur t o g m p h y  (TLC) rnd gas-liquid ChrOm8tOgr8phy 

(bLC) :%ere evolved p r i z r i r i l y  wi th  an aim t o  ana ly to  l l p l d e .  

CJrie,im1ly, thin-lhjrer chromatogrnphy wae uecd exc lus ive ly  81) 

an  adsorp t ion  method, Lut soon o t h o r  p r i n c l p l e e  of c b o m t o g r a p h y  

were :i&,,ted t o  tLis technique and I t  became a iriyhly rxpodlent 

z.,ethod slso i n  l a b o r a t o r i e s  engaged i n  work on water-eolublo 

subutances. Within ti few yoare,  tho enormoua rosolving power oS 

g % s - l i q k i d  c:.ror tobpAphy was recognieod, and soon t h i s  tochnlque 

W~IB alsg r d p l d l g  adskted t o  t : , e  i l m l y s i s  o f  nator-soluble subatmuma. 
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Thin-layor chromttography and gas-liquid chrom.rtogrq,hy arc the 

mothode of choico f o r  aeaeeeing both tho cl~errictll and the 

radlocho~ical purity of labelled aliphatic and alicyclic lipids. 

Both thin-layor chromatography and daa-liruid c l m m  to,;ra;Cy are 

not only analytical mothods, but their US. 8s jxe&Lrative tools 

18 amply juetifiod especially in work with radioactively labelled 

compounds whoro rolativoly small samylos hnvo to be purified 

by tho most rigoroua moans. 

Tho promnt r o v l o r  doale w i t h  now dovolopmonta in tochniquo and 

instrumontation for tho chromatographic analpie an3 ,mrification 

of labellod lipophilio substancoe. Somo anxillary wetilode are 

diecuesod briofly. Only tho literaturo from 1965 on is con~idorod, 

ae thie topic hae boon troatod comprohoneivoly in monographe on 

14C- and 3H- labolled oompounde('*2) ae well as in chapters on thin- 

layor ~hrornatography(~*~) and gae-liquid chromatogr. hy(596). 

Chromatographic mothode aro wldoly aocoptod for tho analysie 

of labollod ~ubstancos. It should, howovor, bo roalleod that 

tho ooaploto roeolution of a complex mixture 0821, an a rulo ,  

bo acoonpliehod only by tho ooabinatlon of eovoral toohniquoe 

baeod on oomplorontary principloe. It is advantageous to apply 

f iret  a mothod that yiolds fow but roll deflnoc! fraotione, and 

thon to roeolro oaoh fraction by moro discriminating techniquos. 

F o r  oxamplo, conplox mixturoe of liaida can bo reeolrod 

complotoly by a stopwieo fractionation, employing, first, 

ad8orptlon chrona tography, thon, argenta tion chromatography and 
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finally rovoreod-phaeo partition chromatography or gae-liquid 

chromatography. Fach of thoee etope offocte a dietlnct pattorn 

of fractionation, and tho varioue principle8 of chromatography 

complement each othor. 

Thin-layor chromatoRraDhy la popular owing to lte eiaplloity, 

epeod end versatility. Tho procoduros ueod oommonly in tho 

ovaluatlon of thin-layor ckromatograaa lncludo olution aaalye~a(~*~), 

8 trip ec-Ing('l) , a~toradiography'~ * 
and zono analyale(9). A epark ohambor ha8 alrro boon devlaod for 

tho dotoction of radioactlro 8ubstancoe on ohromatoplatoa('O). 

including fl~oregraphy(~) 

Elution analyeie can bo quit. reliable, but it in todloue. 

Strip scanning ie eultablo for qualltativo work, howovor, thla 

method l e  rather lneenaltlvo and often meatlafactory for 

yuantltatlve analyele. Autoradiography, though eoneitlVo, 

requiroe much time and quantitativo roeulte a r o  difficult to 

achlove by this tochniquo; at loset whon appllmd in conjunction 

with adeorptlon chromatography. Ilovortholeee, autoradiography of 

tkh-layer chromr,ltograms 1s omeldorod indleponeablo ae an 

adjunct t . 3  other methods becauee It pormlte vlsuallsing all 

components separated, y i e l d s  permanent recorde, and ie 

inexpensive. -- Aniong tho conventional methode, zonal prof110 

scanning provldos by far the hlghoet aoneitlvlty, boat 

resolution and moat proclso qunntitatlon In tho oesay of 

thln-layer chrometogram, howe70r, thle mothod l e  rathor 

elaborate and costly. 

During the p m t  years, considerable progress ha8 boon mado In 

r.1 hdit;,tive ;Asor, tion thin-layor chroratograpby Dy t h o  ueo of 
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vapour-phaeo de tec to re  (11,12,13#14,15). A eCaMer (16,171 

descr ibed  rocen t ly  pormits t ho  de toc t ion  and quantitative 

a n a l y s i s  of organio eubstances on th in- layer  cnromatograms. 

Substances t o  bo analyzed are chromntogrnphed i n  glnss o r  qua r t z  

tubee t h a t  a r e  coated i n t o r n a l l y  wi th  a t h i n  l a y e r  o f  s i l i ca  

g e l  or mixture of s i l i c a  gel and cupr i c  oxicCe. After roaoving 

tho  developing eo lvent ,  tho  tubu la r  th in- layer  cllr .mtcg:rans a r e  

aeeayod in tho  "TLC-Scanner'*. In t h i e  instrument t h e  Substances 

in t he  var ioue  chromatographic zones are vaporized consecut ive ly ,  

e i t h e r  by pg ro lys i e  or by combustion, and the  resul t ing products 

are monitored by a flamo i o n i z a t i o n  do tec to r  o r  a t h e m a l  

conduc t iv i ty  dotec tor .  Scanning is done by moving the  t u b u l a r  

thin-laywr chromatogram gradual ly  through B ring-sh%ped furnaco 

kopt a t  6c)0-8OO0C. A c a r r i o r  gas ,  n i t rogen  or helium, flowing 

through tho  t u b u l a r  thin-1e.y.r chromatogram d e l i v e r s  t he  products 

of pyre lys i e  or combuetion t o  tho maee de tec to r .  

The f l o w  diagram of  a soannor oqulpood w i t h  t i  flnme i o n i z a t i o n  

dotootor ,  is ehown in Fig. 1. The products o f  py ro lys i s  from 

t h o  s i l l o a  go1 l a y o r  a r o  monitored by the  flame ioruz ,a t ion  

de t ec to r ,  either d i r e c t l y ,  or a f t e r  t h e i r  convermoc t o  

methane. S iPl i la r ly ,  tno  oarbon dioxide fomsd 53 in J i t u  

combustion of t ho  eubetanoee on t he  l a y e r  coneia t ing  o f  siiicu. 

go1 and c u p r i c  ex ide  is roduced t o  methane and monitored. If 

8 thormcrl conduct iv i ty  d e t e c t o r  is used, the prodkctu 3f 

combuetion are passed through a water t r a p  airid the c o b o n  d i o x i d 9  

in the e f f l u e n t  is menitored. 

*) Paokard-Bookor B.V., Delft, 'Ptie Lxether1,rnu.i. 
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Tkis device can be used for the radio-asaay of thin-layor 

cnromiltograius if a pof iort ional  flow counter 13 amployad far 

monitoring radioactivity('*). Howavar, euch arrangement8 arm 

nut very eatiefactory, when low activities arm t o  ba maasurod. 

?tie redioactivi t y  in various eonae of a tubular thin-layar 

atromtoGrsm is detemired accurately and aunveniently when 
the YLC-Scanner is couplad with a aollection davica (18)  as 

shown in Fiu. 3. 

The radioactively laballad compounda in tubular thin-layer 

chromato;:rams arm quantitatively convartad to 14C02 and/or 

'H-0, either by pyrolyeie on layere of  silica g a l ,  and subrequant 
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Fig. 2. Application of ihe "'2Li;-;cmer" ir, the kuantit#;tivc 
analyaie of labolled aubetnncos ! l a ) .  

combuetion ovor cupric oxide, or  by combuetion 2 on lsyoro 

coneietlng of silica go1 and cupic oxido. Tho 3roducta of 

combuetion tlro collected aorlally in fraction tubes using a 

methanolic solution of liyamine** na the trapping licuid. X 

three-ray valvo in tho lino of gaeoous effluent emerging 

from the TLC-Scannor permit8 eorial collection of fractions 

w i t h  nagligible loee of radioactive material. Tht content of 

oach fraction tuba iu traneferred to a counting vial using 

a scintillator clolution and tho radioactivity ie neemred i n  

a liquid ecintillatibn apootromoter. The rmcovery of "C02 and 

3 ~ ~ 0  is over 95 p. 

**) Packnrd Inetrumonte, Downers Grovo, Ill., U. S. A. 
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?is. 3 .  Uistrioution o f  r a d i o a c t i v i t y  and mas8 i n  W.2 various 

z :r=- vf tubular t h i n - l a y e r  chromi,toKrRme o f  a, [1-'4C] 

5.: . i:?;Jl;lycerol, :?qirJ.fied by R sincle c r . v s t R l l l s a t i o n ,  and 
(18). b, ctl.rr li ,uor fron ti:? tibove c r y s t : i l l i z a t i o n  
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P i g .  3 shows t y g i c a l  a p p l i o a t i o n e  of  the TLC-Scanner In the 

analgsfs  of l a b e l l e d  substancoe.  A sample o f  d - ~ - " C ~ h e u d o o ~ l  
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glycorol, opoci f lo  aotlvlty 7.2 uCi/mg, was purlfiod by a sing10 

oryatalllnation from othanol. Both the cryetalline produot 

and the mothor liquor were chromatographod in tubee aoatud 

w i t h  silica gel containing 15 o f  cuprio oxldo; hexaneidiothyl 

othor, 7 0 ~ 3 0 ,  v/v, s o ~ o d  as davoloping eolvcnt. After removal of 

solvents, tho tuboe woro scanned for both radioactivity and mass. 

Tho scan8 indlcato that tho product obtained by crystalllzRtion 

still contains abaut 30 $ lmpurltioe. 

Thle oxamplo ehone that both radloactivity and maea In varioue 

1~0n.a o f  8 thin-layor chromatogram can bo conveniently monitorod. 

Slmultanooue rocording o f  radioactivity and maea is accompllehed 

by meane of  a stream ayllttor. Abaolnto determimition of mise 

oan bo carried out by tho us. of an Internal etanLnrd or by 

tho lnjoctlon of a known amount o f  carbon dioxide in the mass 

dotaction eyatom(l5). Thue, both radioohemlcal and chamiciil 

purity of  labollod oompounds can be aeeossed and their qieclflc 
aotiritioe dotorminod. 'Phoao aro distinct advantagoa over the 

mathods Involving autoradiography of chromatupletea o r  liquid 

eclntlllation oounting of  ecrapod zonon. 

In gas-llauld chromatography two types of mothoda tire gonerally 

uaod f o r  dotoctlng radioactivoly labolled eubetanooe. The offluont 

can bo oontinusuely monitored 13 the vapour phaso iieinK flow- 

through radletlon detoctor~('~), such ae i on iza t ion  c;lerubere, 

proportional counters and eclrrtlllatlon countere. Alt3rnatively, 

tho offluent can bo collectod s o r i s l l y  or contlnuoasly in a 

trapping liquid and tho radioactivity meneurod in a spectrometer 

using oithrr counting vials or a f l o w  cell. It is generaiiy 

.drmtageoue to either cumbuet the radioactive sabct.ir,ces to 
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l4COP nnd '€1~0 or to convert thorn into 14C02 and l i H p  boforo 

tho effluent carrier gas ie dolivorod to tho d ~ t o c t o r ( ~ ~ ~ ~ ' )  

or to the trapping liquid. 

Sono common drawbflcke with m9st o f  the flow-through radiation 

detectoro arc their inzbillty to monitor low activitiom,thoir 

p o o r  reeolution and the ir  undeeirablo memory effocta. In gonoral, 

the systems involving collection of tho radioaotivo offluent I n  

a trapping liquid n r o  superior for quantitativo dotoction o f  

oubstancos, ospooia l ly  of thoso with vory l o r  11prcifi0 aotiritlom. 

Recently, several dovlooe havo boon doecribod which ovoroeme 

eomo o f  tho difflcultioe encountorod in radio-gae chromatography. 
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P i g .  4. A combuetion-flow counting system for radio-f:ns 

chrolra tocra phy(2’ I. 
1, I n j o c t i o n  p o r t ;  2, Column; 3 ,  Reference column; 4,  Solvent 

vonting va lvo;  5, Combustion furnaco; 6 ,  Copper s h o t ;  7, S t a i n l o s e  

e t o o l  tub ing;  8 ,  Packing of anhydroue magnoalum perchlorn te ;  

9, Throcway valvo;  10, Mlorothermletor dotocto:; 11, Dotector 

oon t ro l  unit; 12, Amplifier; 13, Countor tub.; 14, Trap f o r  

l4CO2’ 15, Digital I n t o g r a t o r  and powor eupply f o r  ra ts  metor; 

16, D i g i t a l  p r i n t o r ;  17, Dual pon recordor .  

A continuous monitoring systtrn(22) which us03 %I pro: :or t ioml  

flow countor is ahown i n  Pig .  4. The t o t h l  e f f l u e n t  froo t he  

gaa chromatoqra?hic column is passed ave r  cupr i c  oxids t i t  i300°C 

and tho  oarbon d ioxido  formod is moaeurod by a mic ro themle to r .  

Tho r a d i o a c t i v i t y  of tho  carbnn dloxido, a f te r  mixing w i t h  

propane, ie maaurod  i n  t h o  p ropor t iona l  f low counter.  Both mass 

do toc to r  and p ropor t iona l  counter  opora te  without contan ina t ion ,  

a t  m b i o n t  tompersturo,  and 200-100000 dpm of  ’‘C can be 

dotoctod in a givon peak. Dynamio of f i c ioncy  o f  the r a d i o a c t i v i t y  

do toc to r  a t  an offluont f l o u  rat. of 52  d / m i n  and a countor 

volueo of 27 nil is about  40 $. 

A mpooially doeignod flanro i o n l e a t i o n  d o t e c t o r  has beon used t o  

monitor the ma88 of r ad ioac t ivo  oomponents i n  the e f f l u e n t  of 

a gae chromatographic col U J M ( ~ ~ ) .  Fron the  de tec tor ,  the 

combuetion products,  H20 and GO,, can be recoverod quhntitc. t ively.  

Tho carbon d iox ide  i e  trappod In special  absorbers which :,re 

oonnoctod w i t h  the de toc tor .  Subsoquont monaurement of  ’‘C 

8 o t i r l t y  i n  the  absorbing l i q u i d  is c a r r i e d  out  by heterogeneous 
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.. r i  L . : l :  t i o n  counting. t'sing eultablo abeorbere, othor iaotopoe, 
'.%. I .XI. i'a 3k1 and 35S can bo abeorbod in tho form of '€1~0 and 

j5v. und neasurea. 

'I II I 
Pumi 

Pq:. 5* 
eff:,rr,t f r o ] .  ;wB ctiromcl toereph in a scintillation eolvont 

9,  Stzinleos eteel colloction tub.; B, Aluminium tub08 
C, Tef lon  SlsePe8 D, (rldes tee joint; E, D a n p i q  roeorvoir; 

F, C,>iinting v i a l a ;  ci, Solenoid operatod glaae valve. 

In a syston: ahom in Fig. 5 ,  14C and 

by qze chromttogra1,hy can be detected by automstrd eorial 

collection of fractions with aubsequrnt ecintillRtlon aounting 

.9n autornatod system f o r  condonaation of t h o  

(24). 

3 H in compounde eeparatod 

(24).  
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A a o i n t i l l a t i o n  l iquid is ueed f o r  ecrubbing the  e f fsuent .  Samples 

having a c t i v i t i e s  around 1-10 nCi/lag can be e a s i l y  de tec ted  i n  

this system. Tho oounting e f f i c i e n c i e s  aro of the  same magnitudo 

ae i n  convontional l i q u i d  e c i n t i l l a t i o n  counting. 

Carrier 
qas 

P 
Injicticn 

Fig. 6 .  A systom f o r  c o n t i n b m s  c o l l e c t i o n  and d e t e c t i o n  of 

r ad ioac t ive  e f f l u e n t s  f r o n  .. ; n s  c I i r o m t ~ g r a p h ( ~ ~ ) ,  

1, (;am chromatograph; 2 ,  S p l i t t e r ;  3, Flame ion i - a t ion  d e t e c t o r ;  

4, Container wi th  a c i n t i l l a c i o n  l i q u i d ;  5, PeriRtdltic :)uric; 

6, Liquid s c i n t i l l a t i o n  epec trometer;  7, ?wo-lJSl. reccrder; 

8 ,  Frac t ion  co l loc to r .  

Another s y ~ t c r n ( ~ ~ )  doeoribod r econ t ly  for continuous c o l l e c t i o n  

and monitoring of r a d i o a c t i v e  e f f l u e n t  from a pos chromntoipxiph 

is ehown In Big. 6. The o f f l u e n t  from the column is continuously 

dieeolvod in R etream of s c i c t l l l a t i o n  l i q u i d .  A f t e r  most 3f the  

a a r r l e r  g f l z  hen been cwynrated, t h e  liquid I n  paased thr9ugh 

a h o l i c a l  flow c e l l  which is i n s e r t e d  i n  a l i p i d  g c i n t i l l s t i o n  

counter.  For flocurata d o t e m i n a t i o n  o f  r a d i o a c t i v i t y ,  f r a c t i o n e  

of t h o  e c i n t i l l n t i o n  l i q u i d  are co l l ec t ed  and measured i n  a 

l i q u i d  s c i n t i l l a t i o n  speotromoter. T h i s  eyeten ensure8 good 

r o s c l u t i o n  and high s e n s i t i v i t y ,  and i t  is auithcie f a r  csL2ounds 
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that are labolled w i t h  two dlfforont Isotopoe. The Oountlng 
offlclency for 14C is 85 $ and f o r  3 H, 17 $. 

Colloction syateme, in which t h o  hot gaseous ofnuont IS ooataotd 

with the cold trapping liquid, havo an inhorent disadvantage 

due t3 occnsixml formation of  aerosols that are not trappod 

completely. Such a drawback 16 O V O ~ C O ~ O ,  aa montionod oarlier, 

If the ofnusnt l e  combustod ovoc cupric oxide and tho roeulting 

mlxturo of radiosotlvo carbon diorido and wator i e  trappod 

aerially in a eult~blo liquid, such as Iiyamlso 

or a solution of Hyamino hydroxide In a aclntillation liquid(n). 

The producte of combuetion are recovorod quantitatively, and 

their rndlmctivity is rneaaured. 

Liquid chrcimtnprraiJhe in columns has roccived a good don1 of  

qttontion during rocont years doepito of 8ev.x. llmitatione i n  

the detection eyetame and highly expeneiro inetrumcntation. 

S c v e I d  uovicos have been report09 recontly for monitwing i n  

spit. of rddioactive offluonte from liquid chromatographs. These 

are hssrd on llduid scintillhtlon counting In either hotorogonoous 
( : <!* 23 * 30) o r  h o m o g e n a o ~ s ( ~ ~ ~  31 

A hOUOgtn~OuS system(30) is shown echonstlcally in Fig. 7. The 

cclulnn effluent cieerglng f r o n  the BV-detoctor l e  mixed w i t h  

t:.e sclntillvtlon l iGu!d and t h e  mlxture is paseod through 

cn emFty helicil flow cell locatod ineido a liquid scintillatian 

qectrometer. The ccunt;r.g efficlenoj. l e  about 80 $ for " C  and 

:t. 

carried m t  by passing the off~ucnt through an U-shayod x'low 

cell f i l l r l  w i t h  g l a ~ s  scintiilatlon beads. Hoarever, ti.. counting 

system. 

f o r  'L. In Y simllur eotup, hotorogoneous oounting can be 
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Ylg. 7. 

o f f l u o n t s  from a l i q u i d  chromutograph('jO). 

1, Column; 2, UV-Dotootor; 3 ,  Two-pen r eco rde r ;  4, Liquid 

e c i n t i l l a t i e n  epoctromoter; 5, He l i aa l  flow coll; 6 ,  S c i n t i l l a t o r  

e o l u t i o n  reeorvolr; 7, Proportionating p u p ;  8 ,  h ix ing  s p i r a l ;  

9, Fraa t ion  co l loo to r .  

A dor ioo  for continuoue monitoring of r a d i o a c t i v r  

o f f i c i enc ioe  aro r a t h e r  poor (17  >< for " C  :ind C.2 ;: f o r  %). 

I n  v l o r  of tho  h igh  s e n s i t i v i t y  and e x c e l l e n t  accumc:r of  t he  

nor  devlcos  for m c n i t o r i q  r p d i o a c t i v i t g  ir, t he  v;.rlub3 

ciiroiaatogrdphic syc teus ,  one siloula cons ider  snsljaing llcold'l 

mixtures by the i s o t o p i c  d e r i v a r i v e  tccnniquo, th t i t  is, 

a f t o r  l R b e l l l n g  t h e i r  c o n s t i t u e n t s  wi th  R r ad ioac t ive  

r rag en t (3  . 
CHRObd TOGRA PHY AS A PKEPA!i?5 TI VE T(JOL 

Yothode used i n  tho  a n a l y a i s  a f  r ad ioac t ive ly  l a b e l l e d  
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D~uetances are easily ecaled up to permit the isolation o f  

pure compounds from the producte of a chemical eyntheeie or 

from a mixture of mturnl eubstancee. 

In synthetic preparstlons, the potential impuritiee oan be 

surinieed from the route of eynthesie. An a rule, the atartin& 

material, the vuious intermedintea, and the final product of 

A syntlle:,l3 differ in regard to their functional groupe and 

po1,;ritieo. T!:cse substances can usually be rreolved by 

adeorption chrom'ltograyhy, and the desired compound ie isolated 

ens il y . 
In hrep:iratlons obtained by biosynthsie, impurities might 

comprise a wide range of aubstancee, including homologoue and 

vinylogous cospounde ne well as positional and geometrical 

isomere, which cannot be reeolved completely by adeorption 

chromatography o r  by any other single proceee. Complementary 

principles of fractiontition nust therefore be exploited 

euccessively for ieolating the desired conpound. As in the 

analysis of such complex mixturee, adeorption chromatography 

should be fallowed by argentation chromatography and reveraed- 

phase partition chromatography or gaa-liquid chromatography. 

T h i s  sequence is not only logical, ae it leade from the least 

discerning to the most discrlminnting principle of chromatography, 

but it is also practical in regard to the size of the sample 

thiJt can be fmctionwted conveniently with the method8 based on 

tr.eoe principles. 

Adsorption chromtitoRraRhy on layera of silioa gel offecte more 

satisfactory eeparatione than column chromatography uaing t h e  

s ' l m e  adsorbent. Fractionation is moat efficiently carried o u t  
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in two etope(’’ ) t  First, tho major conatituonta aro ieolatod 

by chromatography on adsorbent layore, 0.5 to 1 IPPL thiok. 

Fractions that aro not complotoly rosolvod on euch rathor 

“thick‘ layore oontain tho minor comyononte in a ratio which ie 

moro favorablo for an afficiont fractionation at the aubaequent 

etagc. Those fractione aro reaolvod by chromatography on layore, 

0.25 P thick, and tho minor componente aro thus isolated. 

Subetancos that a r o  not eoparatod satisfaotorily can eomotirioa 

bo r o l l  rosolved aftor oonvorting eomo of thom into dorivativoe. 

”ha toohniquoe doecribod abovo aro aleo aaylicablo to oruontation 

OhrO~tOElXRhy. 

Rovorsod-phaeo partition chromatography is best carried out 

ueing coluPvle (34) ae tho capacity of iayors impreg~i~tod w i t h  

a non-polar etationary phaso is very low. Ti.: szpa-atlona tnst 

oan bo accom~lis:?od by moane of rweraed-p.iaeo partition 

chromatography can DO carried out uuch faster oy gt~s-liquid 

chromatograyhy and, theroforo, revorsod-yiiuse partition 

chromatography in columnrr ie soldom being used. In tho author8 

opinion, thie is not justified beosuei the lattor technique 

pormits the fractionation of much lyirger samples. :loreover, 

thore ie no dangor of docompoeition duo to hoat. 

Gas-liquid chromatonraphy is ospecially useful for the isolation 

of tho componente of a homologous and vinylogous etriea 
Prior to ite fractionation by gae chromatography, the samploe 

should bo purifiod by adsorption chromatography to ascertain 

that thoy aro fro. of oxtranooue rubetances. Fractions ieol, ted 

by gae chronatograyhy can bo freed of stationary phase (“bleed“) 

(35 1. 
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by adsorFtion chromatography. Eepocially w i t h  uneaturatod submtanoem 

it is aorthx3ilo to chock whothor the matorial isolatod has 

Indcrgone ahemical alteration such aa isomerizatlon and 

cyclizotion. 

It ie mandatory that both the  chemioal and radioohonioal purity 

o f  substances isolated b, chrometography bo m~ross-cho~kodm 

by analyzing thrm with complrmontary toohnlques. 

The dosignation "cl~ronuto~ra~liically pure* hae largoly replaced 

other criteria of 2urity and is often coneidered to bo tho 

ultimate proof of purity. We re01 that homogeneity in a 

particulm eyetom cd chroutography I s  not in lteolf suifloiont 

to ver i fy  the idontity end pririty of a compound. 

Tho following examplo demonetratoa that a eubstanco that bohavor 

6s an ontlty in one or two ohromatographlo rystoms I s  not 

noooesarily a puro oompound. The methyl oetors of UalforiLy 

labolled oleic, linolelo, and linolenio aolds are analysod by 

adsorption thin-layor chromatography, ergentation thin-layor 

chronatogrephy, revcreod-phase partition thin-layor chromatography 

and by gaa-liquid chramtogrnphy. Pfgur8 8 shone autoradiographg 

of the chromatocrama. 

Adsorption ohromatography (Fig. 8, a) vorif ioe that oaoh of 

tho throo osters is pure in rogerd to lipid olasr. However, 

argentation chromintogrnphy (Fig. 8, b) shows tho prooonoe ef 

emall amounts of configurational ieomors In oach sarplo of 

tho euppoeodly all-& compound. Rovorsod-phaso partltloa 
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a 

- a *  
b 

?ig. 8. 

oloate; 2, Pothyl U-14C linoleato, and 3, Mothyl U-14C linolonato. 

The oetors wero fraationatod by a, Adeorption-TLC; b, Argentatlon- 

TLC, and c ,  Rovereed-phaao partiti~n-PC(~~). 

Autoradlographe of chromatograme of 1, Methyl U-14C 

chromatography (Pig. 8 ,  a) lndlCatO8 that the prepamtione of 

methyl eetere aro pure in regard to chain luigth and number of 

doublo bonde. 

Figure 9 ehoas the autoradlogruph of a cLromstoC;rm of luetiiyl 

U-14C linolenete on an adsorbent layer pirt of which W H ~  

imprognotod with 8ilV.r nit rat^'^^). Obviously, this methyl  

oster doom not contain the corresponding fatty wid o r  other 

clnases of compounds, but It i e  not uniform with regard t o  the 

configurntion of double bonds. 
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I 

+ 

PIE. 9. Two-dimoneional TLC of methyl u-'~c l i n o l o n a t r  on 

adsorbent l a y o r ,  p a r t  of which l e  lmprognatod w i t h  e l l v o r  

r i i t r a t e .  

G E . ~  c ronntob;rnphic unalyaae o f  methyl 

riet ,ql 

c w O  ounds. Howover, a gas  chrometogram o f  methyl U-14C l i n o l e n a t o  

e : L ~ . + ~  the p x s e n c e  of a n  impurity; t he  rocord is givon In Fig. 10. 

T h i s  oonttuninant has been i eo ln tod  by gaa chromatography and found 

t o  bo rad ioac t ivo ,  but it could no t  bo idon t i f iod .  

U-"C o l en to  and 

U-14C l i n o l e a t o  ind lca toe  tha t  tho80 samploe a r o  puro 

It is t hus  ovldent t h a t  for tho conploto ana lye le  o r  p u r i f i c a t i o n  

of a sample I t  Is e s s e n t i a l  that  va r ious  sephrcltion method8 bo 

employed consecutively.  Tho term nchromatogrophioally pwo"  ie 

nea .4ngfu l  only if varioua techniquoa baaed an conpleuentary 

p r i n c i p l e s  of chromatography do no t  o f f o c t  any f u r t h o r  

f r a c t i a n a t i o n  of a substanco. blovertholeee, chromatographically 

piire substanc8a are n o t  neceeRarily PUFO Indiv idua l  compounds, 

as cnn be deaons t ra ted  by c l a e s i o a l  methods o f  analgeie. 

Phyeicnl Constants and cliemical r eao t ions  a r e  s t i l l  l n d i s p o ~ a b l o  
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Pig. 10. Gae chromatogram of methyl U-"C l i no lcna te .  The 

d i s t r i b u t i o n  of r a d i o a o t i v i t y  in f r a o t i o n e  of the  e l u a t e  I;: 

i n d i  ca t ad ( 36 . 

for tne C h i  r k c t e r i e a t l o n  and i d a n t i f i c u t i o n  o f  substances is7lr . ted 

by chrome toqrnphy. 

STABILITY OF LABELLED COiuPb'JIiDS 

It is weil known tiiflt rad io i lc t ive ly  l i- .balled organic CA.L-- .JLY~B, 

inc luding  l i p i d s ( 3 8 ) ,  s u f f e r  radiation-induced uecom,beitic,n 

dur ing  s torage '  '*2*39*40). T h l s  e f f e c t  CUX: be n ln in i zea  i C  

c e r t a i n  qreoautiona art? t . *ken(39*4~) .  

In  our o7,lnian, the e x t e n t  0.7 salf-decom;,,,si+.ir,ii I :; fre(Liiciit1. 

ovsrea t imate i .  The impur i t i e s  found i n  prep:ir:itione o f  l ; < o e l l e d  

compound8 >are n o t  n e c e s s a r i l y  products of radio>-tion-inducea 

decomposition. Quite o f t e n ,  such i m p w i t i e s  ;:re, i r i  f:tct, 

intermedi, .  t e a  find side-products i n  the  syn thes i s  of  these  

compounds. I n  add i t ion ,  samples o f  unsittltriited subtitaiices m a y  

conta in  tiutoxidized and pcjlpncrizeu h i .  t e r i a l ;  rtiui 'ltion Cel t . '  . , , y  



enhuncee the  formation o f  such products a free r a d i c a l  r e a c t i o l u ,  

if oxygen i n  not  r igo rous ly  excluded. 

The methyl e e t e r e  of o l e i c ,  i i n o l e i c  and l i n o l e n i c  a c i d s  

uniformly l a b e l l e d  wi th  

a l e v e l  s u f f i c i e n t  for metob i l i c  s tud ios ,  are s t a b l e  f o r  yaara 

if s t o r e d  under appropr i a t e  ~ o n d i t i o n e ( ~ ~ ) .  Figure 8 mhom 

rhometogrema of methyl e s t e r s  t h a t  had bean kep t  under 

q i t rogen  In sea led  ampoule8 a t  -30°C, for t on  years.  

14C i n  the  o rde r  of 100 uCi/mmolo, 

S in i l i .  rl y , t r i g l  y c e r i d  s l a b e l l e d  wi th  either 1 251 or 

b i r e l y  undergo any self-decomposition dur ing  s torage .  me radio- 

i od i rk t ed  f:tts are s t a b l a  for as lang as f i v e  h a l f - l i f e  periode, 

t , t i t  is t'ie t i n e  these substdiices can be of p r a c t i c a l  LBO in 

cLinica1 diagnosis(41).  

t'serp of r ad ioac t ive ly  l a b e l l e d  subatancee o f t e n  oonpltlin about 

t h e  unsa t i s f ac to ry  i iu r i ty  of commercially availai.1. products. 

I t  it; generally accepted t h a t  t h e  indiscrimintit. use of such 

yrepara t ione  ccn l e a d  t o  a waste of t i m e  and effort. 

Although It i H  realized t h h t  Impur i t i e s  may arise by rad io t ion-  

induced decomposition, many contarnimxte a r e ,  in f a o t ,  

irittruedi:. t e s  .,cd side-products o f  eyntheeed. 

T f f i c i e n t  ;Leti.o&ls i m  tile tinzlyais of  raa io ; lc f ive ly  latrolled 

l i i : a > I d l i c  cuinj.sunds are now a v a i l a b l e ,  and techniquee for t h e  

+ r i f i c a t i o i i  sf s ~ c h  eubstances can be oa r r iod  ou t  in any 

l:ll,tJr 1 t!!r;.. 7'&.erL>f:>r3, ir;ven ti@ tors s i i o u l d  be urged t o  ana lyze  



800 

1nbell.d euoetancoe  p r i o r  t o  t h e i r  1180 and t o  purify tuern, i f  

neooeeary.  

Tho p r o d l o a t o  nchrorna tographlca l ly  purot t  moans l i t t l e  u n l e s e  

t h o  p u r i t y  of a s u b s t a n c o  has boon e s t a b l i s h e d  by various 

ohrornutogYaphio procoduroe baeod on complommtary p r i n c i p l o e .  

With t h e  a v a i l a b l o  methodology, a p e c i f i c  ,tiona and c r i t e r i a  o f  

puro l a b o l l e d  l i p i d e  hnd r c l a t o d  oompounda should  now bo 

o e t a b l i e h o d .  
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