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QUANTITATIVE LIQUID SCINTILLATION RADIOASSAY OF 

PHOSPHOLIPIDS FROM THIN-LAYER CHROMATOGRAMS 

13. A. WEl3l3 AND ID. l?;. lMB’.l.‘T’RICI.C 

Dcpnvtmcnt of Zoology, U9tivcrsity of Tovordo. Tovonto ISI, Oltlavio (chzadn) 

(Rcceivcrl Deccnlbcr rfjth, 197 x) 

I. Several elution techniques for the quantitative recovery of phospholipids 
from thin-layer chromatograms were compared. Chloroform-methanol (I : 1) con- 

taining x0 y0 water was a most effective elution agent. 
2. A methanol, Cab-O&l in toluene-fluor radioassay technique and a water- 

Aquasol radioassay technique for the quantitative recovery of W-phospholipids 
from thin-layer chromatograms is described, 

3. Dual-labelled ( 3H : W) phospholipids were radioassayed, after thin-layer 
chromatography, by the water-Aquasol technique. A quantitative recovery was 
obtained for several phospholipid classes esamined, including phosphatidylcholine 
and lysophosphatidylcholine. The position of the labels had little effect, and the 
ratios of 3H :l’lC had no effect on the recovery rate. 

Several methods are available for the radioassay of lipids separated by thin- 
layer chromatography (TLC), of which the simplest and most sensitive is the direct 
counting of TLC scrapings by liquid scintillation spectrom&ryl*a. However, the re- 
covery of radioactive lipids by several widely used techniques is low, and discon- 
certingly, variable for the different lipid classes39 4. 

In order to overcome these difficulties we compared the quantitative radioassay 
of natural phospholipids in the presence of silica gel, using a number of conventional 
techniques. Our successful attempts to significantly improve on these rates of re- 
covery, using both single- and dual-labelled lipids, form the basis of this report. 

E.SPEl<IOIENTAL AND RESULTS 

m 

PYe~nYcltiolt of l?nbcllctl Cotrt~O1~l’Cds 
[I-K]oleic and palmitic acids, and [U- 14C]glucose were obtained from Amers- 

ham Searle, Toronto, Canada. [2-3H]glycerol and [g,Io-3H]oleic acid were obtained 
from New England Nuclear, Boston, Mass., U.S.A, They were purified by TLC 
immediately prior to use, Labelled l.ipicls were prepared as described previously6. 

Estracted phospholipids were separated by TLC into major lipid classe#, 
visualized with iodine and sprayed with water. Phospholipids were estracted from 
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the layer three times with a variety of solvents whilst the adsorbent was still moist, 
The combined supernatants and silica gel were taken to dryness in scintillation vials 
and the disintegration rates calculatedE. 

The elution technique of ROUSER et aL.7, utilizing cliloroform-methanol (I : I), 

containing 10 74 water, gave a 94.2 0/0 recovery* of total phospholipids, 9S.7 ‘g 
recovery of pl~osphatidylcholine and 96.4 “A, recovery of lysopl~ospl~atidylcl~oline. 
Methanol alone with xo, 20 or 30 ‘X-,- water gave 96.3 ‘VU recovery of phosphatidyl- 
choline and gG.S ‘!/o recovery of lysophosphatidylcholi.ne. The chloroform-methanol- 
water method was therefore used to prepare larger quantities of pure phos- 
pholipids for the second series of experiments. . 

Radioassay qf pr10sj5r101i;hias on silica @?l acsia~~ ff comJealtio?tal scidillatioas patoP’s 
Equal quantities of pure pllospholipids were pipetted directly into scintillation 

vials and onto activated silica gel in scintillation vials. 15 ml of toluene-fluor was 
added to each vial, shaken, counted and corrected for quenching and counter ef- 
ficiency. The disintegration rates obtained with lipid added directly to the vials 

TABLE I 

RECOVERY OF ACTIVITY PROM PHOSI’IIOLIPIDS hDSORI3ED ONTO SXLICA GEL 13Y IZADIOASSAY 

[I -‘QC]olcntc-labcllccl phospholipicls ; radioassay in (A) toliicnc-fluor; (B) x.5 ml of nicthanol, 
tolucnc-fluor; (C) r5 ml 4% Cab-0-Sil in tolucnc-fluor; (13) 1.5 ml of methanol, and C. 

Gowlpowlds Rndioassuy Rccovwy ( O/,)I~ S,E. 
tveatvzont 

Total lipids 
Total lipids 
Total lipids 

Total lipicls 

Phosphnticlylethanolamine 
Phosphaticlylscrine and 

phosphoinositiclc 
Phosphaticlylcholine 
Lysophospl~aticlylcholine 

;: 
c . 
13 

n 
I3 
I:, 

7S.oG 

74.47 
85.07 

95.03 

92.55 1.2c 

0.77c 
1.w 
0..73” 

,I 0 /A recovery = 
d.p.m. elutccl lipid 

- x 100. 
c1.p.m. elutecl liyicl + t1.p.m. lipid rcmnining in silica gel 

h.n = 5. 
= I1 = 4. ,Y . 

were considered to be IOO “/o recovery of #tivity. The percentage recovery from 
phospholipids adsorbed onto silica gel was only 78,oG f 0.99 %. The addition of 
1.5 ml of methanol to the silica gel prior to the addition of the toluene-fluor did not 
improve the recovery rate (see Table I). 

Cab-0-Sil, obtained from Packard Instrument Co., has been widely used for 
the radioassay of insoluble particles in suspension*. 15 ml of 4 o/” (w/v) Cab-0-Sil 
in toluene-fluor ,was added io samples of phospholipid adsorbed onto silica gel, This 

l o /o rccovcry = 
c1.p.m. clutccl lipid 

c1.p.m. elutecl lipid + c1.p.m. lipid rcmainitag in silica gel 
x 100. 
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resulted in a significant increase in the percentage recovery of activity, which was 
still, however, far from quantitative. 

I.5 ml of methanol was added to phospholipids adsorbed onto silica gel, shaken, 
and left to stand %or several minutes. 15 ml of Cab-O-S1 in toluene-fluor was then 
added, shaken, and the vials counted. This treatment resulted in a further significant 
increase in the count rate to an almost quantitative 95 o/: recovery, 

The latter procedure was then tested on several pure phospholipids epared 
as described above. High recovery rates, consistently greater than gz cg (see Table I), 
were achieved for all the phospholipids tested. This represents a considerable im- 
provement over conventional counting methods. 

. 

Rnrlionssay of jdaosj!dzoli~ias with A qzcusoL 

Aquasol, obtained from New England Nuclear, Boston, Mass., U.S.A., a 
multipurpose, xylene-based, scintillation fluor, has the capacity to take up to 26 "/& 

water, yet remains a homogeneous mixture. Water, being extremely polar, should 
deactivate the active sites on the silica gel and replace those occupied by the adsorbed 
lipid. M:hen Aquasol is added, the phospholipids should then be free to dissolve in 
the xylene base. This hypothesis was tested by the addition of I ml of water to phos- 
pholipicls adsorbed onto silica gel, which was then shaken rapidly on a Vortes mixer, 
follo\vecl by the addition of IO ml of Aquasol. 

The results in Table II show that with the water-Aquasol procedure an almost 
quantitative recovery of activity may be obtained for both pbospl~atidylcboline and 
lysol~l~ospl~atidylcl~oline, the percentage recovery being significantly higher than 
with Xquasol alone. Also good percentage counting efficiencies were obtained wit11 
the water-Aquas01 technique: a gain of 20 ')& 50-1000 window gave a percentage 
efficiency of 84 %, c$ Aquasol alone ; gain 14 %,, window 50-1000 gave a percentage 
efliciency of S6 ‘:/o for 14C. 

Rnd~i0nssa.y of dad-labelled jda~os~ltolijfds 

Dual-labelled phospholipids were bio-synthesized and purified as described 
above. Equal quantities of pure [3H]glycerol- [14C]palmitate phospholipids were 
spotted onto TLC plates and into scintillation vials. The TLC plates were treated as 
described above and the lipid areas scraped off into scintillation vials. The vials 
were then treated as follows. To one series I ml of water was added, followed by IO ml 
of Aquasol. To a second series, 1.5 ml of methanol was added followed by 15 ml of 
Cab-O-S1 in toluene-fluor. The vials into which the pure phospholipids had been 
directly added were counted in either toluene-fluor or Aquasol, the calculated dis- 
integration rates being taken to represent 1’00 OX, recovery of activity*. 

The percentage recovery of 3H and l*C using two scintillation fluors, is shown 
in Table III. These results show that whilst good recovery rates of 1% were obtained 

l W cl.p.nx = 
(c.p.m. jirccn channel - klckgrouncl green channel) x Ioo 

o/o eficicncy I% green 

“1-I cl.p.m, = 
(c.p.m. reel chnnncl - background red channel) 
- 

o/o cfficicncy 4% red 
- 

_ %, dficicncy WZ reel x (c.ptn. C[rcen - background green) 

yO cfficicncS; 1% pxm x o/o eflicicncy 3H reel 1 x 100. .I . 
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with the methanol, Cab-O-S1 in tolucnc-fluor procedure, the recoveries obtained for 
“I-I were low. Good recovery rates for both X and “13 were obtained with the water- 
Acluasol technique. 

The recovery rates obtained for “I-1 with the water-Aquasol technique were 
high. It has been found that spurious counts may arise in the red channel, presumably 
frop3 fluorescence, resulting in exckssive recovery rates. However, when the vials 
were left in the refrigerated compartment of the counter for 24 h prior to counting, 
repeated counting over several days gave consistent but still high results. 

To determine if the position of the label or the relative activities of WZ and 
3H had any effect on the recovery rates, phospholipids labellcd with [g,Io-3H]oleic 
acid and [UJ4C]glucose were prepared and purified by TLC. Equal quantities were 
spotted onto TLC plates and directly into scintillation vials. The TLC plates were 
developed, subjected to iodine vapour, the lipid areas scraped off into scintillation 
vials, and then counted by the water-Aquas01 procedure. The percentage recovery 

. 

TA~3LE IV 

RIZCOVEHY OF ACTIVITY I’ROM DUAL-LAUELLED PI-IOSPI-lOLIPJDS ADSORBED ONTO SILICA GIXT. RY 

Rhl>IOASShY 

[g,ro-3W]olcic acid [U-*JC~~lucosc-lnbcllccl ~~hospholipids; racljoussay in I ml of G~ter, 10 1111 

of :\c~u~~sol. 

Colllparfrrtls 

-_--- 

Water -f- A q’lasol Relative 

“If MC 
---- activity 

I~diO (“If : 1JC) 

iLavy S.I... (n = 3) 12ecovcYy s.iz:‘. (?.z = 3) 
(%) (%) 

Phosph~~ticlylcth~LnolaIrli~ic 
Phosphaticlylscrine and 

pl~ospl~dinositiclc 
I-‘hosphuticlylcliolinc 
Lysophosph~rticlyIcl~olinc 

95.77 0.92 lOI. 2.5G 4.59 

roz.01 2.og 97.84 0.52 38.7 
59.64 0.74” 97.72 0.74” 45.0 
93.J5 2.2 2 ‘J 102.78 O.Gt(b 4.27 

of both 1% and 3H is shown in Table IV. The results show that good recovery rates 
were obtained with both 3H- and 14C-labellcd phosphatidylethanolamine and phos- 
phntidylscrine plus phosphoinositide. Whilst the recovery rates obtained with I%- 
labelled phosphatidylcholine and lysophosphatidylcholinc were also good, the per- 
centage recovery with 3H was slightly lower. 

The above results show that chloroform-methanol (I : I), containing IO y. water, 
is a suitable eluent for the recovery of phospholipids from TLC. For the direct radio- 
assay of [lJC]fatty-acyl phospholipids the methanol, Cab-O-S1 in toluene-fluor tech- 
nique provides a rapid and quantitative radioassay method. Whilst partial sedimen- 
tation of the suspended material will occur within short time, such sedimentation has 
little effect on the recovery rsttes, as the external standard., when “in”, is positioned 
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beside the vial”. However, the metlnxnol, Cab-0-Sil in toluene-fluor technique is 
of little use for the radioassay of dual-labelled phospholipids, because the “13 recovery 
rates were not only low, but the yield decreased with sedimentation of the Cab-0-Sil 
and silica gel in the fluor. Cab-0-Sil is somewhat difficult to handle, and some batches 
give excessively high background count rates. lo. This technique is,. however, rapid, 
simple and relatively inexpensive. 

Aquasol was shown by KXITCHEVEKY AND MALHOTRA” to be a useful all-purpose- 
scintillator for the direct radioassay of phospholipids, with the exception of phos- 
phatidylcholine. The more tightly adsorbed phospholipids, such as phosphatidyl- 
choline and lysopl~ospl~atidylcl~oline may, however, be radioassayed in water-Acluasol 
as described above. In this new technique, not only the count rates are significantly 
greater than in Aquasol alone, but the yield is virtually quantitative. Other phos- 
pholipids may also be radioassayed by the water-Aquasol technique, which there- 
fore allows the use of one single counting procedure and one quench correction curve. 
Escellent low background count rates were obtained with Aquasol, thereby making 
the radioassay of low-activity-samples considerably more accurate. 

Dual-labelled phospholipids may also be quantitatively assayed in the water- 
Aquasol scintillator, though some attention has to be paid to tritiated phospholipids. 
Somewhat high count rates were obtained when tritiated phospholipids, labelled 
in the glycerol moiety, were assayed; low count rates were observed when assaying 
tritiated-fatty-acylphospholipids. Sedimentation of the silica gel in the vials had 
little effect on either 3I-I or 1% count rates; neither did the 3I-I: ““C ratios. Good 1.X 
recovery rates were observed with both saturated and monounsaturated fatty-acyl- 
labelled phospholipids. Under the conditions in Which the water-Aquasol scintillator 
Was used, a considerable degree of quenching may occur, yet have little effect on 
the count rates. The water-Aquas01 scintillator may therefore be used for the direct 
quantitative radioassay of both single and dual-labelled phospllolipids. The tech- 
nique is simple, rapid and effective. 
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