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Abstract

Since we recently noticed poor recoveries of unsaturated fatty acids (UFA) when the parent lipids were first separated on TLC plates, we
investigated the source of this error by examining several variables, including the brand of TLC plate, nature of the lipid, and conditions of
methylation. Of the five commercial brands of plates used, two (Baker and Whatman) showed loss of UFA, and three (Alltech Hardlayer,
Alltech Softlayer, and Merck) did not. This loss occurred in both neutral and phospholipids, did not affect saturated acids, and was independent
of the methylation reagent used. No loss occurred, however, if the lipids were eluted from the silica gel before methylation, indicating that
the loss is due to oxidation of UFA in presence of certain brands of silica gel. These results show that some brands of TLC plates may be
unsuitable for lipid analysis, if the aim is to determine the fatty acid composition by GC using direct methylation.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction years for the separation and quantitation of phospholipids
[1-3], as well as for the subsequent analysis of molecular
Thin layer chromatography (TLC) on silica gel plates is species of phospholipids by HPL&-6], or analysis of fatty
probably the most commonly used chromatographic proce-acid composition by G(7]. For the analysis of their fatty
dure for the separation of lipid classes. Although HPLC pro- acid composition, the various lipids separated by TLC are
vides a more efficient separation of lipid classes, the TLC commonly methylated directly in the presence of the sil-
method enjoys several advantages including the lower cost,ica gel[8-10]. Although we have successfully used these
less rigorous sample preparation, the ability to analyze mul- methods for several years, we noticed in recent months that
tiple samples simultaneously, and the ease of visualization.the recovery of unsaturated fatty acids was dramatically re-
Most laboratories now use commercially prepared plates duced following the separation of lipid classes by TLC, di-
rather than prepare them in house, because the commercialtect transmethylation of fatty acids in presence of the silica
plates have the uniformity in thickness, stability of the sil- gel, and subsequent GC analyses. A systematic search for
ica gel layer, and greater reproducibility of separations. We the source of this loss was therefore undertaken by examin-
have been using commercial silica gel TLC plates for several ing each step of the analysis, and by using different brands
of commercially available silica gel TLC plates. The objec-
* Corresponding author. Tel.: +1 312 996 8212; fax: +1 312 413 0437. tive of this study was to determine whether various com-
E-mail addresspsubbaia@uic.edu (P.V. Subbaiah). mercial TLC plates differ in their effect on the recovery of
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unsaturated fatty acids, and to identify the possible cause ofoleic acid or cholesteryl oleate (1@ each) was used as
this loss. visualization standard on a separate lane. After air-drying
the plate for 5min in a fume hood, the lane containing the
standards was exposed to iodine vapors, and the band in the
2. Experimental sample lane corresponding to free fatty acid or cholesteryl
ester was scraped and methylated directly.
2.1. TLC plates
2.4. Methylation and GC analysis
Five commercial brands of silica gel TLC plates were
compared in this study: Alltech soft layer (Adsorbosil All lipid samples were transmethylated routinely by using
Plus 1, Lot Nos. 22403 and 33803, 20 en20cm), All- BF3 in methanol (Alltech). To the scrapings from the TLC
tech hard layer (Adsorbosil Plus 1, Lot Nos. 14004 and plate or the dried lipid samples, 1 ml of BFmethanol was
02704, 20cnx 20cm), EM Science (Lot Nos. OB460569 added, and the samples were heated &t€r 1 h after
and OB330789, 10cm 20cm), J.T. Baker (Lot No. 38439, flushing the tube with N and capping with a Teflon-lined
10cmx 20cm), and Whatman (Partisil K6, Lot Nos. cap.. The samples were cooled to room temperature, 1 mi
31043845 and 31048265, 10 cerkOcm). All plates were  water was added, and the methyl esters were extracted twice
250pm in thickness, were purchased from VWR Scientific with 2 ml hexane.
(Chicago, IL), and were used within one month of purchase. = The pooled hexane extracts were evaporated unglanhl
There was no difference in the results obtained from the two analyzed on a Shimadzu GC 17A chromatographic system

different lots of plates from the same company. equipped with a flame ionization detector, with the follow-
ing conditions. An Omegawax (30 m0.25 mm, Supelco)
2.2. Lipid standards column was used with hydrogen (1.2 ml/min) as carrier gas,

and a split ratio of 50:1. plwas used as the makeup gas. The
Synthetic phosphatidylcholines (PC) (17:0-17:0 PC, temperature programming was as follows. Initial temperature

16:0-18:1 PC, 16:0-18:2 PC, and 16:0-20:4 PC) were ob-was 175 C (8 min), raised to 200C at the rate of 4.5C/min
tained from Avanti Polar Lipids (Alabaster, AL). The fatty and kept at 200C for 8 min, raised to 225C at the rate of
acid purity of the PCs was analyzed by GC, and all PCs 6°C/min, and maintained at this temperature for 15 min. In
were found to be >98% pure. Cholesteryl esters (CE) (17:0, the case of CE samples, an additional step was included at the
18:1, 18:2, and 20:4) were purchased from Sigma—Aldrich end, where the temperature was raised to°Z7(®20°C/min)
(St. Louis, MO) and free fatty acids (17:0, 18:1, 18:2, 20:4) and maintained for 15 min, to elute free sterols or other con-
were purchased from NuChek (Elysian, MN). All lipid sam- taminants that would otherwise interfere in the subsequent
ples were used without further purification. All the solvents runs. The area percentages of the fatty acids were calculated
for extraction and TLC were purchased from Fisher Scientific online with the EZChrom software (Shimadzu). The percent
(Chicago, IL). recovery of each fatty acid was calculated relative to that of

17:0 internal standard.
2.3. TLC separation of lipids

All plates were scored with 2cm lanes, and heated at 3. Results and discussion
110°C for 30 min before use. The plates were allowed to
cool to room temperature before spotting the samples. The3.1. Recovery of PC fatty acids after TLC separation on
PC samples (0.2mol+0.1pumol of 17:0-17:0 PC as inter-  various commercial plates
nal standard) were spotted in 1@Dof chloroform. Egg PC
(100p.9) was used as a visualization standard on a separate Samples of three different PCs containing an unsaturated
lane foridentification of PC bands. The samples were runwith fatty acid atsn2 (16:0-18:2, 16:0-18:1, and 16:0-20:4)
the solvent system of chloroform:methanol:water (65:25:4, were chromatographed on five different commercial silica
vIviv) until the solvent front was 2 cm from the top of the gel TLC plates in presence of equimolar amounts of
plate. The plate was air dried for 5 min in a fume hood, and 17:0-17:0 PC as the internal standard, and analyzed for fatty
the lane containing the standard PC was exposed to iodineacid composition as described in Sectibirig. 1 shows the
vapors after covering the lanes of experimental samples withgas chromatograms obtained for methyl esters of 16:0-18:2
a clean glass plate. The area corresponding to PC standardC (and the internal standard, 17:0-17:0 PC) after chro-
was scraped and immediately transmethylated as describeanatography on each plate. The control sample shown was
below. directly methylated, without running on the plate. The 18:2
Free fatty acids (FFA) and CE were chromatographed peak completely disappeared from J.T. Baker and Whatman
separately on the plates using the solvent system of hex-plates, whereas the peak appeared normal with the other three
ane:diethyl ether:acetic acid (70:30:1, v/v/v), using 17:0 FFA commercial plates. Small peaks of apparent degradation
and cholesteryl-17:0 as internal standards, respectively. Fregroducts of 18:2 were seen after separation on Baker and
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Fig. 1. Gas chromatograms of methyl esters of 16:0-18:2 PC and 17:0-17:0 PC after initial chromatography of the PC on various silica gel TLC plates. A
mixture of equimolar amounts of 16:0-18:2 PC and 17:0-17:0 PC was first run on the indicated TLC plate, the methyl esters prepared from the PC spot, and
analyzed on capillary GC as described in the text. The quantitative recoveries of 16:0 and 18:2 were calculated relative to those in contraiqgiagived)a

sample, and are showiable 1

Whatman plates. There was no loss of 16:0 peak on any of theThe recovery of unsaturated fatty acid was satisfactory only
plates. for Alltech Hard, Alltech Soft and EM Science plates. There
Fig. 2shows the gas chromatograms for 16:0-18:1 PC fol- was some loss of 20:4 even with these plates when compared
lowing its chromatography on various TLC plates and methy- to the unchromatographed control, but there was almost a
lation of fatty acids. Here also there was a complete loss of total loss of all unsaturated fatty acid with both J.T. Baker
18:1 when J.T. Baker and Whatman plates were used, but ncand Whatman plates. The recovery of the saturated fatty acid
loss of 16:0 occurred. However, a new peak appeared in the(16:0), however, was normal in all the plates. Since both the
samples run on Baker and Whatman plates at 31.5 min. Thisfatty acids of PC should be recovered in the same spot, this
is apparently a degradation product of 18:1, although it needsshows that the mobility of PC was not affected, and that the
to be confirmed by MS analysis. In the case of 16:0-20:4 PC, sample was not degraded during the TLC run. If the degra-
the 20:4 peak disappeared completely with the J.T. Baker anddation had occurred on the plate during the TLC run, 16:0
Whatman plates, and small peaks of degradation productswould not be recovered in the area expected for PC.
were notedig. 3). Since the recovery of 16:0 was close to
100% in all cases, the degradation products are from the un-3.2. Recovery of fatty acids from other lipids
saturated fatty acids. Although the degradation product was
prominent in the case of 18:1, the products of degradation of  In order to determine whether the loss of fatty acid was
18:2 and 20:4 were not detected on GC in significant amounts.dependent upon the nature of the parent lipid, the recovery of
This is presumably because these fatty acids are degradedatty acid was determined for CE and for FFA. The solvent
more extensively than 18:1, forming short chain fragments system used for running these samples was hexane:diethyl
that would not be detected under the conditions used. ether:acetic acid (70:30:1, v/v/v). Cholesteryl-17:0 or 17:0
The quantitative recovery of each fatty acid from various FFA was used as the internal standard. As showWiabie 2 a
PCs is shown ifable 1 relative to the recovery in control  significantloss of 18:1, 18:2, and 20:4 from CE occurred with
sample (not run on TLC). The amount of degradation prod- J.T. Baker and Whatman plates, but not with the other three
uct recovered is also shown to indicate the total recovery. plates. Interestingly, the loss of 18:2 and 20:4 from CE was
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Fig. 2. Gas chromatograms of methyl esters of 16:0-18:1 PC and 17:0-17:0 PC after initial chromatography of the PC on various TLC plates. The percen
recoveries of 16:0 and 18:1 were calculated relative to those in control sample, and are shable ih

less than that observed with the PC samples. The recovery 0f3.3. Effect of loose silica gel

various unsaturated FFA is also showrTable 2 Here also

the loss of the unsaturated fatty acid occurred with the same  To determine whether the loss of unsaturated fatty acid is
brand plates as seen above for PC and CE (J.T. Baker andiue to the silica gel of the plate or due to the chromatography

Whatman). in the TLC solvent, we methylated two unchromatographed
Table 1
Percent recovery of fatty acids from synthetic PC species after separation on different brands of TLC plates
Control (no TLC) Alltech Hard Alltech Soft EM Science J.T. Baker Whatman

16:0-18:2 PC

16:0 1000 905 97.8 936 979 97.0

18:2 1000 821 867 862 09 0.0
Degradation products .0 29 24 47 300 314
16:0-18:1 PC

16:0 1000 1050 1015 1061 1081 1128

18:1 1000 891 1007 908 24 16
Degradation products .0 55 14 6.1 808 834
16:0-20:4 PC

16:0 1000 995 1012 1054 1068 1105

20:4 1000 861 839 87.7 0.0 13
Degradation products a2 17 0.0 2.6 228 247

The PC samples were first run on the indicated TLC plate in presence of an internal standard (17:0-17:0 PC). The PC spot from the plate was dagady methyl
with BFs—methanol, and analyzed on capillary GC, as described in the text. The recovery of individual fatty acids was calculated relative to that afel 7:0 inter
standard, and the recovery in the control sample (no TLC) was taken as 100%. All values shown are average of two different estimations, whigh differed b
<10% from each other.
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Fig. 3. Gas chromatograms of methyl esters of 16:0-20:4 PC and 17:0-17:0 PC after the chromatography of PC on various TLC plates. The quantitative
recoveries of 16:0 and 20:4 were calculated relative to those in control sample, and are shable ih

PC samples (16:0-18:1 and 16:0-18:2) in the presence ofinterfering substance that specifically results in the loss of
loose silica gel (80 mg, corresponding to the size of the PC unsaturated fatty acid during the methylation step.

band) scraped from the various commercial plates. The plates

were activated at 110 for 30 min. and cooled to room  3.4. Effect of methylation conditions

temperature, before scraping the blank silica gel from the

area equivalent to the PC spot. Methylation was carried out  In all the above studies the methylation of the fatty acids
with BF3 in methanol in presence of the internal standard was carried out using Bfin methanol. Since this procedure
17:0-17:0 PC. As shown ifeble 3 both 18:1 and 18:2 were  involves heating the samples at @D for 1 h, it is possible
lost in presence of silica gel scraped from J.T. Baker and that the oxidation of unsaturated fatty acid occurred during
Whatman plates. No loss occurred in presence of the silicathis step, although the reaction was carried out under N
gel scraped from the other three brands. This shows that theTo address this, we methylated 16:0-18:1 PC and 16:0-18:2
silica gel from J.T. Baker and Whatman plates contains an PC by acetyl chloride at room temperature, after their chro-

Table 2
Percent recovery of fatty acids from CE and FFA after separation on different brands of TLC plates
Control (no TLC) Alltech Hard Alltech Soft EM Science J.T. Baker Whatman

18:1 CE 100.0 102 1048 1062 5.7 41

18:1 FFA 100.0 102 964 97.8 0.8 0.9

18:2 CE 100.0 108 1122 1203 196 124

18:2 FFA 100.0 8D 930 909 14 0.8

20:4 CE 100.0 9% 948 1040 455 318

20:4 FFA 100.0 8 981 869 0.0 0.0

The CE and FFA samples were first run on the different brand TLC plates, and then methylated withe®tanol. The recovery from GC column was
calculated using the internal standard of 17:0 CE or 17:0 FFA. The recovery in control sample (no TLC) was taken as 100%, and all other recoveries were
expressed as percent of this value. Values shown are averages of two separate analyses, which differed by <10% from each other.



164 J.M. Sowa, P.V. Subbaiah / J. Chromatogr. B 813 (2004) 159-166

Table 3
Recovery of PC fatty acids after methylation in presence of silica gel scrapings from various TLC plates
Control (no silica gel) Alltech Hard Alltech Soft EM Science J.T. Baker Whatman

16:0-18:1 PC

16:0 10000 10000 10120 9850 9880 9890

18:1 10000 10000 10540 10490 Q070 490
Degradation products .00 077 204 576 1175 1455
16:0-18:2 PC

16:0 10000 10001 10189 10130 10190 10440

18:2 10000 10189 10029 10520 310 540
Degradation products .00 000 000 516 2359 4102

Silica gel (80 mg) was scraped from the indicated TLC plate and added to 0.1 umol of PC samples (piosl@fldi-17:0 PC, the internal standard) and the
samples were methylated with BFmethanol. The recovery of each fatty acid was calculated relative to the recovery in control (methylation without silica gel)
sample.

Table 4
Percent recovery of PC fatty acids after methylation with acetyl chloride
Control (no TLC) Alltech Hard Alltech Soft EM Science J.T. Baker Whatman

16:0-18:1 PC

16:0 10000 11760 12430 11690 11770 11740

18:1 10000 8250 8290 8060 140 000
Degradation products .00 190 170 6.00 12060 12330
16:0-18:2 PC

16:0 10000 10747 10725 10831 10883 10851

18:2 10000 8179 8430 8613 000 000
Degradation products .@0 107 000 7.62 8404 6582

The PC samples were first run on the various TLC plates, and PC spots were methylated with acetyl chloride, insteadethBfol. The recoveries were
calculated as described in the text, and are averages of two separate experiments.

matography on plates from the various brands of silica gel. tem of hexane:diethyl ether:acetic acid (70:30:1, v/v/v). The
As shown inTable 4 the loss of 18:1 and 18:2 occurred again methyl ester spots were eluted with diethyl ether, concen-
only with J.T. Baker and Whatman plates, showing that the trated, and directly injected into GC, without further treat-
high temperature and the methylation reagent used were noiment. As shown ifTable 5 there was no loss of the unsatu-
responsible for the differential recoveries of unsaturated fatty rated fatty acid on any of the plates when the methylation step

acids from the various silica gels. was avoided after TLC. These results suggest that the degra-
dation of the unsaturated fatty acids observed with the J.T.
3.5. Recovery of methyl esters of fatty acids Baker and Whatman plates occurred only if the silica gel is

present during the methylation step. It is possible that an un-
To further differentiate between the loss of fatty acids known component in these two silica gel preparations either
during the methylation step versus TLC separation step, welinterferes specifically with the methylation of unsaturated
first methylated 16:0—-18:2 PC or 16:0-18:1 PC in presence fatty acids, or promotes their oxidation during methylation.
of equimolar amounts of 17:0-17:0 PC, and separated theltis also possible that the methyl esters of FA are more stable
methyl esters on the various plates with the solvent sys- compared to the esters of glycerol or cholesterol.

Table 5
Recovery of fatty acid methyl esters after separation on various TLC plates
Control Alltech Hard Alltech Soft EM Science J.T. Baker Whatman

16:0-18:1 PC

16:0 100.00 1039 10031 9448 9975 9826

18:1 100.00 969 9776 9990 9854 10061
16:0-18:2 PC

16:0 100.00 992 10166 9924 10220 9871

18:2 100.00 988 9567 9805 11580 9919

The PC samples were first methylated withsBfethanol, and the fatty acid methyl esters were then run on the various TLC plates with the solvent system
of hexane:diethyl ether:acetic acid (70:30:1, v/v/v). The spots corresponding to FAME standard were scraped, eluted with diethyl ethereanohaB&lyz
The control samples were not run on TLC prior to analysis.
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Table 6
Recovery of PC fatty acids after elution of PC from the plate before methylation
Control (no TLC) Alltech Hard Alltech Soft EM Science J.T. Baker Whatman

16:0-18:1 PC

16:0 10000 10312 12730 12357 13161 13401

18:1 10000 9437 11376 11556 10670 10767
16:0-18:2 PC

16:0 10000 10027 10981 10504 10305 10242

18:2 10000 9489 9909 9699 8907 9131

The PC samples were separated on the indicated TLC plate, and the spots eluted from the plates by the Bligh and Dyef{pthcEdereluted samples
were then methylated with BFmethanol, and analyzed on GC; 17:0-17:0 PC was used as internal standard in all samples for calculation of recoveries. The
values shown are averages of two separate analyses.

3.6. Methylation of eluted samples the standard lane to the iodine vapors, the spot correspond-
ing to PC in the sample was scraped and methylated with
PC samples (16:0-18:2 and 16:0-18:1) were first chro- BF3—methanol, and was analyzed by GC. The major unsat-
matographed on all brands of commercial plates as describecurated fatty acids in plasma PC are 18:2, 18:1, 20:3, 20:4,
above, and the PC spots were eluted from the silica gel byand 22:6[7,12,13,10,9] As shown inTable 7 the recovery
extracting two times with 1.9 ml of Bligh and Dygt1] sol- of the unsaturated fatty acid was in the expected range of
vent (water:methanol:chloroform, 0.4:1.0:0.5, v/v/v). To the literature values, when plates from Alltech and EM Science
combined extracts (3.8 ml) 1.0 ml of choloroform and 1.0 ml were used. There were, however, significant losses of all un-
of water was added, and the chloroform layer recovered by saturated fatty acids when plates from J.T. Baker or Whatman
centrifugation. The chloroform was then dried and the lipid were used. On average, there was a 40-50% loss of the un-
methylated with Be—methanol as described above, and run saturated fatty acids of PC (in terms @f/ml plasma) on
on GC. As shown iTable § there was no significant loss of the J.T. Baker and Whatman plates, compared to the other
unsaturated fatty acid from PC samples run on any plate bythree plates. There was only a minimal loss in 16:0 and 18:0,
this procedure. This shows that the presence of silica gel isshowing that the effect is specifically on the unsaturated fatty
necessary during the methylation step for the loss of unsatu-acids. It is of interest to note that the loss of unsaturated fatty

rated fatty acids to occur. acids from plasma PC was significantly less than when in-
dividual synthetic PCs were analyzed using the same plates
3.7. Recovery of fatty acids from natural PC (Figs. 1-3Table 1. Itis possible that the ratio of silica gel to

the unsaturated fatty acid is much lower in the case of plasma
The effect of TLC separation on commercial plates was PC sample, or that the presence of other fatty acids protects
then tested on the recovery of different unsaturated fatty acidsthe fatty acids from oxidation.
present in PC of human plasma. Total lipids were extracted In summary, the results presented here show that some
[11] from a 200ul sample of normal human plasma after commercial TLC plates are not suitable for the direct methy-
adding the internal standard, 17:0-17:0 PC ((hiol), and lation of fatty acids in presence of the silica gel, after the
separated on various TLC plates, with the solvent system of TLC separation of the parent lipid classes. There is a selec-
chloroform:methanol:water (65:25:4, viv/v). After exposing tive loss of unsaturated fatty acids in presence of J.T. Baker

Table 7
Recovery of fatty acids from plasma PC after separation on various silica gel plates
FA Alltech Hard Alltech Soft EM Science J.T. Baker Whatman

% of total rg/mi % of total prg/mi % of total rg/mi % of total prg/mi % of total rg/mi
16:0 2476 32530 2492 38156 2475 35676 2897 34467 2768 33039
16:1 Q95 1246 100 1534 096 1388 088 1046 079 949
18:0 1559 20495 1442 22071 1472 21221 1741 20724 1699 20296
18:1 (—9) 1082 14219 1072 16406 979 14118 7.20 8625 626 7492
18:1(-7) 106 1392 108 1656 093 674 089 553 088 537
18:2 2237 29530 2403 36833 2387 34405 1722 20516 1532 18286
20:3 203 2691 225 3445 228 3283 162 1927 136 1623
20:4 997 13212 1133 17377 1176 16942 809 9655 6.82 8135
22:6 102 1349 159 2443 141 2027 080 948 067 801

Total lipids were extracted from aliquots of normal human plasma, and chromatographed on various TLC plates in chloroform:methanol:watet{65:25:4
after adding di-17:0 PC as the internal standard. The spot corresponding to PC was then scraped, methylatgdmaeth@iol, and analyzed on GC. The
values shown are averages of duplicate determinations of the same plasma sample.
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and Whatman plates, apparently due to oxidative degradationapparently different from the previous batches we used from
that occurs during the methylation step. No loss of unsatu- the same company.
rated fatty acids occurs even on these plates if the lipids are
first eluted from the silica gel. Therefore these plates can be
used for fatty acid analysis only if the lipids are first eluted References
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