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SU,Uh4ARY 

Hydrogenation and rsomenzatron of the fatty acrd morety of cholesteryl esters 
occur durmg gas chromatography on fused-s&a SP2330 wall-coated open tubular 
colllmns at 250°C when hydrogen IS used as the tamer gas These reacttons do not 
occur when fatty actd methyl esters are chromatographed on the same column at 
130°C. Therefore tt IS conciuded that rf a new class of unsaturated compounds IS to be 
analyzed or a new set of gas chromatographrc analysrs condttrons to be -used, the 
possrbrhty of the Occurrence of hydrogenatton must be ruled out whenever hydrogen 
1s to be employed as the tamer gas This can be done by performmg parallel analyses 
using hehum as the carrier gas and comparing the results with those obtained using 
hydrogen. 

lNTRODUCTION 

The popularity of captllary gas chromatography (GC) wtth wall-coated open 
tubular (WCOT) columns has mcreased dramattcahy m the past few years, espectaliy 
wrth the recent avalabthty of fused-sthca colunms The chorce of tamer gas to be 
used in a given GC system has maJor effects on the opmal workmg condrtrons for a 
given set of components’4 Hydrogen increasmgly 1s becommg the tamer gas of 
choice because its low viscosrty allows for shorter analysts -es, lower column oper- 
ating temperatures, and hkely extended column life14_ Furthermore hydrogen is 
inexpensive. Thus wtth tts flammabthty hemg its only draw-back up to now3s4, hydro- 
gen has appeared to be the ideal tamer gas to use wrth WCOT columns m capillary 
GC. 

As part of efforts m thts laboratory to analyze cholesteryl esters from small 
atheroselerotrc arterral lesionr?, capillary GC of these esters has been investigated m 
non-polar and polar columns using both the splitkss6 and cool on-column’ injection 

techniques_ In most of this work hydrogen was used as the carrier gas. However, with 
a new polar fused-sthca WCOT cohmm, hydrogenation of the cholesteryl esters has 
become a serious problem- 
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EXPERRMENTAL 

All solvents (reagent grade) were purchased from Fisher Scientific (Toronto, 
Canada) The hpids were obtained from Sigma (St. Louis, MO, U.S.A.), Serdary 
Research Labs. (London, Canada), or Applied Science (State College, PA, U S A.) 

Cholesteryl elaidate and cholestanyl pahrutate were prepared in the laboratory 
from their respective sterols and fatty acids wth N,N-carbonyldiimidazole (Aldrich) 
as the acylation reagent by a modification of the method of Boss et aZ_*_ An amount of 
IIE mg of sterol was mixed with a ten-fold excess of the appropnate fatty acylimId- 
azole intermediate in a few hundred fi of dichloromethane and heated in a tightly 
sealed, nitrogen-flushed vial at I 1O’C for 2 h_ The mixture was then quenched with 
\\ater, and Folch extractedg. Followmg concentration to dryness. the hpids were 
dissolved in chloroform and the cholesteryl ester isolated by thin-layer chromatogra- 
phy on silica gel H with light petroleum (b p_ 35-52”C)-diethyl ether-acetic acid 
(9O:lO:l) as tlie solvent system. The cholesteryl ester was extracted from the sdica gel 
with chloroform-methanol-acetlc acid-water (SO-3911 :lO) and partitxoned with 4 _&.i 
NH,OH’O_ The extract was dried with anhydrous sodium sulphate, evaporated to 
dryness, and redissolted in heptane for GC analysis_ 

GC analyses wer. performed with a Hewlett-Packard Model 5830A gas chro- 
mato_graph equipped with a flame-ionization detector, a Hewlett-Packard (Model 
lSS35B) capdlary inlet, and an on-column inJection kit (Hewlett-Packard accessory 
No 19320D). The WCOT column system consisted of a custom-made Supelco (Bel- 
lefonte, PA U-S-A.) 10 ,a fused-s&a column (0.25 mm I.D.) coated \%qth SP2330 
(O-2 pm Finn thickness) which was connected by a Supelco capillary butt connector” 
to a 6O-cm length of empty wide-bore (0 3 mm I D ) fused-silica tubing, a kmd gft 
from Hewlett-Packard_ This arrangement made easy the otherwise very ddlicult task 
of mJectmg samples directly on-column from a 32-gauge steel needle into the 0 25 mm 
I.D. SP2330 column. The inside walls of the empty tubing had been sllylated with 
tert -butyldimethylchlorosllane-unidazole reagent (Applied Science). flushed ullth 
heptane, and dried prior to connecting the tubmg to the SP2330 WCOT column and 
the capillary inlet of the gas chromatograph. The other end of the SP2330 column was 
connected to the detector. The injector port was air-cooled as described elsewhere’ 
and the detector temperature was 300% The make-up gas and hydrogen flow-rates 
through the detector were each 38 ml/min and the air flow-rate was 400 ml/min. 

Analysis of the cholesteryl esters (CE) was performed as follows_ Poor to on- 
column inJection, the gas cbromatograph was placed m the splitless mode, m which 
purge of earner gas through the inlet was stopped. Tlus mode was maintained for hvo 
mm after the start of the program. About 5 ng of cholesteryl ester m 0 5 ~1 heptane 
was injected. Column temperature was kept at 100°C for 0.5 mm, then mcreased at 
3OQ’min to 250°C and held there for the remainder of the analysis 

Analysrs of the fatty acid methyl esters (FAME) was performed following on- 
column injection_ The instrument splitless mode was maintamed for 0 6 min. The 
column temperature was held at 100°C for 0.5 min, then increased at 30”C/mm to 
13O?Z and kept at that temperature thereafter_ 

In all analyses of CE and FAME with hydrogen as the carrier gas, the inlet 
pressure was 2 p_s.i. (linear velocity 30 cm/set at 1OO’C) and nitrogen was the make- 
up gas. With hehum as the carrier gas, the inIet pressure was 5 p S.I. (linear velocity 40 
cmjsec) and helium was the make-up gas. 
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RESULTS 

The CE were analyzed both mdlvldually and as a mixture The left panel of 
Fig_ 1 shows the mdltldual analyses of steryl esters contammg C,, fatty acids, with 
hehum used as the tamer gas Each ester migrated as a smgle band, with cholesteryl 
pahmtoleate (CE 16 13 having a longer retention time (Fig 1, Table I) than choles- 
teryl palmltate (CE 16 0) Cholestanyl palmltate (CA 16 0) IS the analogue of choles- 
teryl pahnitate which IS completely saturated m the sterol moiety, and was used to test 
for the posslblhty of hydrogenation of the sterol portion of the ester molecule With 
helium as the tamer gas, CA 16 0 chromatographed with a retention time identical to 
that of cholesteryl palmltate Thus It appears that lvlth the SP2330 fused-slhca 
WCOT column used under the present condltlons, the location of a carbon-carbon 
double bond greatly affects the GC properties of the steryl ester molecule 

The nght panel of Fig 1 shows the chromatograms obtained with these esters 
when hydrogen was used as the tamer gas CE 16 0 and CA 16 0 agam appeared as 
single peaks with identical retention times CE 16 I, chromatographed m this ex- 
ample with a maJor peak which had the same retention time as the other two esters. 
and a small shoulder with a retention time which probably corresponds to that of 
cholesteryl pahmtelaidate (CE 16 13 (cf Table I) This peak pattern suggests that m 
the presence of hydrogen CE 16-1, was almost completely hydrogenated to CE 16 0 
Whether or not the sterol part of the ester molecule was also hydrogenated cannot be 
determmed under these GC condltlons, since CE 16 0 and CA 16 0 chromatograph m 
dn identical manner regardless of the carrier gas used Indeed because CE 16 0 and 
CA 16 0 have the same retention time, sterol hydrogenation for all practical purposes 
m this study can be ignored_ 

In Fig 2 the effect of comer gas on CE contdmmg C,, fatty acids of various 
degrees of unsaturatlon IS shown. The left panel presents the analysis of each CE with 
hehum as the carrier gas Each of these esters. contammg steanc acid (1s 0), elaldx 
dcid ( IS 13, olelc acid ( I S l.), lmoleic acid ( 18 2), and lmolemc acid ( 18 3), respectlve- 
ly, migrated as a single peak with the retention time increasing with the degree of 
unsaturatlon In contrast, when hydrogen was used as the tamer gas (Fig 2, nght 
panel) only cholesteryl stearate, the saturated CE, chromatographed with d single 
peak All chromatograms of the unsaturated CE contamed a cluster of peaks, the 
largest two of which corresponded m retention time to those of cholesteryl stearate 
and cholesteryl elrudate, respectively_ The small peaks and peak shoulders were prob- 
ably cholesteryl oleate and vanous tr~~zs isomers denved from the corresponding 
parent fatty acids The exact proportIons of the vanous peaks kaned somewhat from 
one run to another. but were slmllar to those illustrated Slmdarly the extent of 
hydrogenation of CE 16-1, vaned from one analqas to another Clearly, however, 
hydrogenation and isomemation of unsaturated CE were extensive m all analyses m 
w&h hydrogen was used as the tamer gas_ 

The effect of hydrogenation and lsomenzatlon on the GC analysis of a mixture 
of CE is illustrated m Fig 3 The normal chromatogram of well resolved peaks 
&tamed when helium was used as the tamer ga IS In sharp contrast to the com- 
pletely distorted and unusable chromatogram obtained when hydrogen was used 
With hydrogen, the chromatogram IS reduced to five recogmzable peaks correspond- 
mg in retention time (Table I) to the saturated and monounsaturated (mamly the 
tram isomer) analogues of the origmal CE species. 
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Fig 1 Chromatograms of mdnldual steryl esters containmg Clb fatty aclds, Ieft panel wxh hchum and 
right panel with hydrogeu as carrier gas_ Mokcular speaes notation_ CE ma chokstuyl ester wrth a fatty 
acid chain contaming m carbon itfoms and n car&u-car bon double bonds. subscript c indxcatcs CLS double 
bond; CA 16-0, cboktanyl palm&te Arabic numeral beside each CE peak IS the peak nmnbcr, whxh 
indicates that the mm&a& peak has a rcu+on tune w&h axresponds to a known normal @meacted) 
CE; I = CE 16-0, Z = CE 16~1, GC co~drhons: 10-m SP2330 fused-sxhca WCOT column, 0 25 mm 1-D. 
0.2 q Iihu thickness; cool on-cdumn in~on. 05 fi heptaw solutxon into an empty 6O-cm wxk-bore 
fused-silica column buttconnected to the SP2330 column; detector temperature, 300°C. camcr gas, hehum 
at 5 psi (avaage hncar veloaty. 40 an&c at IOOT) or hydrogen at 2 p.s 1. (average hnear velocity, 30 
cm@c at locr’c); tanpaaturc program. IOO’C for OS min. then 3OT/mm to 25OT. then isothermal 

Fs L Chromatograms of indnndual CE containmg C,,, fatty acids, left panel with helium and nght panel 
with hydrogen as carrier gas_ Mokcular spaxs notation as in Fig_ 1. Subscripts c and t mdicate CLS and 
rrmzs komcrs rcqxctivdy of monoenoic esters. Polyenoic CE are aU_ck 1sQmers_ Arabic numerals at each 
major peak indicate peak numkr; 3 = CE 18-O. 4 = CE 18-1,; 5 = CE 1&l,; 6 = CE 18-S; 7 = CE 18-3; 
see Fig_ I for further cxpIana0on and GC condmonr 

When FAME were analyzed on the same SP2330 column as that used in the 
CE analyses, the chromatograms obtained with either helium or hydrogen as the 
carrier gas were essentially identical (Fig. 4), and showed little or no evidence of 
hydrogenation or isomerization- The only significant difference between the analysis 
conditions for the CE and FAME was the column teqxratme (zSO°C vs, 13O”C, 

-__ _ 
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Rg 3 Chromatograms of a mlrture of CE, left panel wth hehum, and nght panel wth hydrogen as tamer 
gas See Fogs 1 and 2 for cxplanatlon of peak numbers See Fig. 1 for GC condltlons 

respecttvely). Another FAME rmxture (not shown) rdentrcal to that m Fig. 4 except 
that methyl elardate was not included, also chromatographed rdentrcally m the pres- 
ence of hydrogen or hebum. 

TABI-E I 

GC RETENTION AND IDENTITY DATA OF CE MIXTURE IN FIG 3 

1 He 10 CEl60 
2 He 1 12 CE 16 1, 
3 He 10 CE 180 
4 He 107 CE 18 1, 
2 He He 1 111 37 CE CE 18 182 1, 

7 He 148 CE 18 3 

1 HZ 10 CE 160 
x HZ 107 CE 16 I,* 
2 HZ 1 12 CE 16 1, 
3 HZ 10 CE 18-O 
4 HZ 106 CE 18 1, 

* Idenbty of 16 1,~ based on sumlanty of the value for the retention tune relatwe to saturated CE, to 
correspondmg values for CE 18 1, (wth both He and H, as earner gas) 

DISCUSSION 

The current opmon m the hterature IS that as a earner gas hydrogen IS superror 
to other gases such as helium and mtrogen14. The optimum linear carrier gas velocity 
for hydrogen is higher than that of the other gases, and the non-opnmai velocrty 
range at which hydrogen can be used without serious loss of efficrency IS much 
broader than that of the other gasesr4. Hydrogen IS less viscous than hehum and 
nitrogen and therefore changes in flow-rate during temperature programrm -ng are less 
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Fig. 4 Chromatograms of mmure of FAME, left panel with hehm and n&t panel ~7th hydrogen as 
umer gas Peak numbers are the same as those of the c~rrespondmg CE m01edar specle~ (I e peak NO 1 
IS I6 0. No_ 3 is IS 0, etc )_ GC condmons as m Fig 1 except that final temperature was 130°C 

drastic4_ Thus with hydrogen, relatively rapid analyses at high carrier gas flow-rates 
but IOR inlet head pressures have become practical. Consequently many laboratones 
now use hydrogen_ Hydrogen has been satisfactonly used m the analysis of triacylgly- 
cerols 12-14 diacyl glycerols Is I6 cholestery1 ester@_ and coal tar compounds”, among 
others, Hydrogenation has not been a problem m any of these studies, one of which 
was from this laboratory6. Neterthekss, with the observation now that hydroge- 
nation can occur, hydrogen should now be used with caution_ 

The mechanism by which hydrogenation occurs is quite unclear- The fact that 
hydrogenabon occurred with the CE at 25O”C, but not mth FAME at 130°C might 
su_zest that high temperature alone was responsible for the effect. However, hydroge- 
nation of CE was not observed previously dunng GC analysis at 255-320°C on OV-I 
coated fused-silica columns6 ?_ Sirxularly, triacylglycerols’2-‘J and diacyl glycerolP 
have been separated on non-polar columns above 250°C wthout hydrogenation oc- 
curring. Myher and KuksiP recently described the separation of the diacylglycerol 
moietres of natural glycerophospholipids on a 10-m glass SE2330 column at 25O”C_ 
Their column was coated with the same hquid phase and operated at the same tem- 
perature as that used in the present study, but the column material (i e., glass) was 
difkent from that described here (fused sxlica). No hydrogenation apparently oc- 
curred- Whatroie the nature of the tubing material may play in the hydrogenation 
~~~~&zx_ _ _ _ _ 

It seems_hkely that the hydrogenation reaction proceeds catalytic&y at the 
inner surface of the capillary wall, and that elevated tempexatures may accelerate the 

process.However,theneccssary _ initi~tingcondi~onsrem~unknown~Untilthesecon- 
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dttrons are understood. the analyst must test for and rule out the posstbthty of hydro- 
genatron occurrmg m each new GC analysts srtuatron Thrs would mean testmg for 
each class of compound, column temperature, hqmd phase, column material, and 
perhaps even column age. When hydrogenation is not a problem, hydrogen IS stall the 
tamer gas of chorce; otherwise, hehum IS recommended 
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