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Plasma sampks .obta.ined during a prevalence study of hypekpemia i&a-free living urban 
populatiozi were analyzed for to+hI &oIe&eroI aud triacy&&erolcontent by automated 
high-temperature g-quid chro~~~tagrsphic (GEE) and automated eolorhetric (Anto- 
Analyzer, AAll) methods. The analyses were done over a three-year period. The methods 
gave Ft+leBt -overall corr+tion for bath total cholesterol (r = 0.9811 j and total trkyl- 
g!ycer+ _(i T 0.9739). Detailed comparisons of the results obta+ed by the two methods 
with nafazr&sar&ples over the en&e ckncentra~on ran%; indicated that the t%C method 
gave choXest&~l values: 5-10 mg% lower ahd trkkylglycerol values 10-20 mg% lower 
than the corrks@ndiag.AALl determinations. -?he differences between the two methods 
are attributed to an overestimatiqa -of -&he cholesterol: ed triacylglycerol levels by the 
AAll method due to presence of variable amounts of interfiring chromogens in the plasma 
extracts. The between-method relative error ranged from 3 to 5% for ch&&erol and from 
5 to 10% for kiacy~@ycero?s. The within-day standard de$ation Of GLC averaged 2.3 mg% 
for cholesterol and 3.5 -mg% for’ fziacy~glyeerols. ‘The between&y standard deviakion of 
t&e GLC i me$hgd ._aversgedT .about S mg96 for both c&oksterol. and Qiacylglyeerols. The 
~SndaJr, I.tithiq-GLC, relative .error averaged 1.12% -for c+olestemi -ad 2.66% for tri- 
aq&l#ero~~ -The tippate@ .rii& -tire&on. and .high accuracy of the GLC method recom- 
tikixd Xss an‘ alteknat‘me’ fo tile jntitit me&& of. &&a cholesterol &d tr&y&&e~ol 
zkklysk; &p&i&y v&ere & &zsMek -thr&&~ut &samples & not a limitation ‘and ‘where 
both t&al amcknt and.&mpo&ion:of I&e l&ids is of i&em&~ _ _ .~. . 
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INTRODUCTION 

High-temperature gas-liquid chromatography 
technique by which neutral plasma lipids can 

(GLC) is a sensitive and rapid 
be separated into individual 

lipid classes or molecular species [l-5] and accurate identification and quan- 
titation obtained for each component. We have recently demonstrated that 
this method of total plasma lipid analysis can be automated and that the 
results obtained for total cholesterol and total triacylglycerols compare fa- 
vourably to those real&d with calorimetric methods, when tested with refer- 
ence standards 141. In the present study we have compared the results of the 
GLC and the AutoAnalyzer methods for analysis of total cholesterol and tri- 
acyiglycerols in over 1000 samples of plasma from a-free living urban popula- 
tion. In general the GLC method gave values which wer@ 5-20 mg% below 
those of the AutoAnalyzer method [6] . The discrepancies are traced to various 
inherent errors and biases in the GLC and AutoAnalyzer methods. 

LfATERLALg AND METHODS 

The standard acylglycerol, free cholesterol and cholesteryl ester mixtures 
employed in the study were prepared in the laboratory l%om chromatogra- 
phically pure (99% f single components) materials supplied by Serdsry Re- 
search Labs. (London, Canada) and the Applied Science Labs. (State College, 
Pa_, U.S.A.)_ BDH Control Sera were obtained from BDH (Toronto, Canada). 
To each vial of the latter containing the freezedried solids from 10 ml plas- 
ma, 10 ml of distilled water were added to obtain complete solution. Other 
control plasma samples of known content of total cholesterol and total triacyl- 
glycerol (samples LRC 1, LRC 2, and LRC 3), and the unknown samples from 
a population survey were supplied by the Toronto-McMaster Lipid Research 
Clink (University of Toronto, Toronto, Canada). The unknown plasma samples 
had been prepared from fresh blood collected in ethylene diaminetetraace- 
tatecontaining vials, and were stored in a frozen state at -20” for a msx- 
imum of 3 months before analysis. Prior to withdrawal of any aliquots the 
thawed samples were thoroughly shaken to avoid concentration gradients [7]. 
Phospholipsse C (cu-toxin of Clostridium welchii) was purchased from Sigma 
(St. Louis, MO., U.S.A.). ‘Disil-BSA reagent was supplied by Pierce (Rock- 
ford, Ill., U.S.A.). Other reagents and solvents were of Fisher certified-reagent 
grade and were tested for lipid contaminants prior to use. 

Prepamtion of samples for analysis 
EDTA (O.Ol%)-@sma (0.2-0.5 ml) was added to a PTFE-lined screwcap 

centrifuge tube (IS-ml capacity) containing 0.2-0.4 mg phospholipase C in 4 
ml of 17.5 m&I Tris buffer, pH 7.3, along with 1.3 ml of 1% CaClz and 1 ml of 
diethyl ether, and the mixture incubated with shaking for 2 h at 30”. The reac- 
tion mixture was then treated with 5 drops of 0.1 N HCl and extracted once 
by vigorous shaking with 10 ml of chloroform-methanol (%:I,) containing 
150-250 fig tridecanoylglycerol as internal standard. The solvent phases 
were separated by centrifuging for 10 min at 200 g. The clear chloroform 
phase .was removed from the bottom of the tube and was dried by passing 
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f&rough a Pasteur pipet containing 2 g of anhydrous sodium sulphate. The 
effluent was evaporated under nitrogen and the residue dissolved in Trisil-BSA 
(150-250 ~1) and transferred to a sampling vial, and the vial sealed. 

Gas chrvnuztogmphic metiaods 
The automated high-temperature GLC analysis was performed on a Hewlett- 

Packard Model 5700 A automatic gas chromatograph equipped with dual 
stainless-steel columns (50 cm X 2 mm I.D.) containing 3% OV:1 on 100-120 
mesh GasChrom Q (Applied Science Labs.) and an automatic liquid sample 
injector (Model HP 7671 A), as previously described [4] _ The GLC separations 
were routinely made by temperature programming from 175 to 350” at either 
4 or S”/min with the columns in the dual compensating mode and dry nitrogen 
as the carrier gas (40 d/min). 

After every 200 analyses the first l-2 in. of the column packing were 
replaced with fresh packing and the columns reconditioned at 350” with the 
normal carrier gas flow. Silicone oxide deposits, which accumulated on the 
detector due to injection of the silylation mixture, were routinely removed 
by scrubbing with chloroform every two weeks. 

The integrator output was simultaneously recorded on a paper chart and 
on a punched paper tape indicating the tube number, the peak retention 
time and area in a computer compatible ASC 11 code, which is a basic lan- 
guage program for off-line data processing. The punched tape record was 
processed using modifications of the computer programs provided by Hewlett- 
Packard (CALIST, CALLI and HP7600), as previously described Id]. The 
peak areas for the free cholesterol and cholesteryl esters, and the triacylglyc- 
eroJ.s, respectively, were summed using appropriate calibration and conversion 
factors to provide estimates for total-plasma cholesterol and triacylglycerols. 
It_ was noted (see Results) that the integrator record could be quite erratic for 
certain slope sensitivity sefAings and that it required a systematic’ examination 
for errors in baseline resetting if precise results were to be obtained. Th,e 
absolute amounts of plasma lipids were quantitated by means of an internal 
standard (tridecauoylglycerol) added to the plasma at the time of lipid ex- 
traction at a relative proportion of lO-20% of total. The quality of the ana- 
lytical results was controlled by systematic monitoring of a synthetic and a 
natural plasma external reference standard, which were analyzed simulta- 
neously with any unknown samples. 

Au foAmLyzer mefhixis 
The. colorimetic analyses were performed with an AutoAnalyzer AA11 

(Technicon, Tarrytown, N-Y., U.S.A.) instrument. The estimates for total 
cholesterol and total triacylglycerols were obtained on Zeolite-treated iso- 
propanol extracts as outlined in the Manuel of Laboratory Operations, Lipid 
litesembh Clinics Prograb 183. Pure cholesterol and trioleoylglycerol (triolein) 
standards end a serum calibrator were supplied by the Lipid Standardisation 
Laboratory (Center for Disease Control, Atlanta, Ga., U.S.A.). Each AA11 
run was initially set up and checked with free cholesterol standards. Sub- 
sequently the output was adjusted downward on the basis of a daily analysis 
of a cholesterol serum calibrawr with a cholesterol value determined by the 
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method of -Abell and.Kendall as modified by the. Lipid Stsn~tion-Labo- 
ratory i8]. When a step-up series of cholesterol stan&uds was analyzed, the 
&Ul generally gave a cholesterol value of 325 f 5 m&Z for a serum dgZibrator 
with a target value of 296. The triacylglycerols were determined by color 
development with the glycerol liberated from- the neutral lipid extract of 
plasma upon saponification. The -glycerol yield was expressed as mg% of 
tri01eoylglycer01, 

Statistic&i analysis 
The evaluation of the GLC procedure -for- cholesterol and triacylglycerol 

determination was modeled on a comparable study of methodology reported 
by Lippel et al. [9] _ Systematic errors were measured by the difference be- 
tween average GLC values and the AAll or target values by a bias statistic. 
The magnitude of random errors was measured by the variance or standard 
deviation. The relative error values are averages of percent deviations defined 
aS: : 

Relative error = 
GLC w&e - AA11 Value 

AA11 value 
x 100 

A coefficient of variation between duplicates was calculated using the formula 

C.V. % = 
100 Jm- 

x 

where d is the difference between duplicates and 2 is the mean. ; 
The withinday standard deviation was used as the measure of withinday 

variability. The overall standard deviation. was used as the measure of %he 
variability of a single determination of a quality control sample by the GLC 
method. A cokrelation coefficient and a regression coefficient for the data 
were calculated according to established statistical procedure [lo]. A Hewlett- 
Packard HP-9821A programmable calculator was used to assist in these deter- 
minations. 

RESULTS 

The overall analytical routine was tested with standard mixtures of neutral 
lipids prepared in the laboratory and with standard plasma lipid Samples pur- 
chased commercially or acquired fkom the Lipid Research Clinics Program 
and satisfactory results were obtained as previously described 141. It rsn@ied 
to be demonstrated that such analyses could be. performed routiely ion a 
large number of unknown samples and to establish how the GLC v&es com- 
pared to. those obtained by the Atitobalyzer method gen@aUy em@loyed 
for the determination of plasma total cholesterol and triaCylgl~c+s in clin- 
ical laboratories. 

. . 

Following the preliminary enzymic and chemical modification of the pl&r& 
lipids, the_‘quantitative estimates .of ~plasnia total cho&&erol and-triacytgl&ko~ 
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Pi_ .l_ Total lipid profiles (A) a:normolipeti~ and (3) a by&rlipemi~ plasma as obtain& 
using a low-temperature gradient GLC. Conditions of high-temperature GLC as given in text. 
Peaks 16 and 18, trimethy~lesters of f&z fat& acids with 16 and 18 a@ carbons; peak 
27, trimethylsilyletber of ch&&erol~; @k& 30; .fxidecanoylglycerol internal standard; p&k 
34, trimetbyIsilyIet of pabni_x@spbing&ine; pe&.s 3-2, trimetbylsilylethers of diacyi- 
gIytxrorS of a total number of 34-40 acyl c&tons; peaks 43-47, choksteryl esters of fatty 
acids with a total number Of ZsiO aCy1 CarbonS; peaks 48-56. ti@.gly~~Ols with a 
total number of 48-56 acyl carbons: Sample size: 1 cal of an appmximetely 1% solution in 
silyIation.mixtum. Attenuation: 100 times full sensitivity. 
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were obtained by GLC using two different rates of tempera- programming. 
For optimum resolution of peaks the column temperature was programmed 
in t&t ‘raizg&- 175-3W &a-r&e of 4~/xxiisi Fig. 1 &ows~repr&sent&ive total 
*~lasm.a lipid profiles of a normal stibjecf and a patient witi hyperlipoprotein- 
&a. It i$ seen that the peaks for kee cholesterol,~ the tridetmioylglycerol 
internal standard, and the various molecular species of the choleskyl es&s 
and triacylglycerols are i?learIy resolved for both the-normolipemic and the 
hyperlipemic plasina, although some overlap may occur -for the cholesteryl 
esters and triacylglycerols in the hyperlipemic plasma. The partial overlap 
of the cholesteryl esters and triacylglycerols may be avoided by appropriate 
dilution of the sample and suitable adjustment in the amotit of the added 
internal standard. The overlapping of the cholesteryl esters and triacylglyceroJ.s 
is much more serious ana cannot be avoided by dilution of the samtile when 
it is due to high levels of short-chain faI& acids in the triacylglycerol kc- 
tion. Under normal conditions, however, short-chain fatly acids are largely 
absent from plasma triacylglyceroh and carbon numbers of Ce,*d6 usually 
make up 0nIy a minor proportion of the total mass of plasma triacylglycerols. 
It should also be noted that in all instances the baseline elevation due to 
column bleed has been minimal, as indicated by the small difference between 
the final baseline elevation and the point of the last baseline reset (usually 
between the peaks for fkee cholesterol and the tridecanoylglycerol). Despite 
the excellent peak resolution, this program failed to give a reliable peak area 
quantitation by automated integration due to erratic baseline reset by the 
peak slope sensor (see below). 

Fig. 2 gives the total lipid profiles of three plasma samples of varyhig total 
lipid content as obtained in the temperature Eange 175-350” u&g a heating 
rate of -8” /min. Uncief these conditions the slopes of the peaks are much 
steeper and the tiequency of-erratic baseline resetting much Lower. However, 
there is also much more peak overtipping than when the lower rate of temper- 
ature programmin g is empbyed. Nevertheless, the major chemical classes and 
molecular species of cholesteryl esters and a&ylglycerols are reasonably well 
resolvkd so that precisk and accurate &antitation of peak areas may be ex- 
pected. Furthermore, a faster program rate improves the detection and quanti- 
tation of the peak areas due to minor components (monoacylglycerols). The 
faster program rate also shortens the overall time of analysis and thereby 
minimizes the decoinposition of the more sensitive components and increases 
the overall efficiency of the operation of the analytical system. With proper 
peak area measurements bothtemperatur@ pro gramming rates gave comparable 
quantitative results, buk the esthetic impkssion was more favourable with the 
slayer heating rate. 

In both instances the- total .cholesterol value was obtained by adding the 
peak arks for the free cholesterol- and the various choksteryl.esters using 
appropriate calibration fa&ors and molar conversion. rat+. The total tri- 
a@lglyt?erols were dapculated by-sum&ng the peak areas in the range 
%3 +356 using- appropriate peak mea correction factors. Alteniatively the 
peak areas were summ&t over a- age. of preselected elution times (tidows) 
and OveraEl -corke&itin. fact&s apljlied [43. This method avoided the need for 
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TABLE I :.. :I . . 
_. 

FkQtiCY. OF DIFFEREWT ERRORS- EN AN Ah’OtiTED CkO ANALYkS OF 
TOTAL LIPIDS OF FROZEN PLASMA SA&PLE~ 

Number of 3Zrror 
J!JampIeS 

FalllW CopyiRgerror Non-representa~e 

idZgdi0~ sampling* - 

Slow tempemture 
pmg7mt (4o/min) 
Batch of 800 130 10 40 
Batch of 250 14 2 4- . 
Batch of 400 45 6 20 
Total 1450 189 18 66 

Fat tempemfrae 
progmm (8”/min) 
Batch of 197 8 2 5 
Batchof 400 - 23 2 12 
Batch of 100 0 3 
Total 697 3: 4 20 

*Non-representative sampling due to incomplete dissolution of precipitate -in f+ozen phsma 
6zmlple6. 

accurate peak identification and the use of specific correc~on factors, which 
was not always possible to ob_h.in_ 

Table I gives the frequency of e-tic resetting of bz@ine by the electronic 
peak area integrator. With the slower temperature program over 10% of the 
runs contained baseline resetting errors. This problem was corrected to large 
extent (less than 5% error) by substituting a faster temperature program, 
which produced steeper peak slopes. The faster program also appears to have 
decreased the other errors, but this was due to greater care taken in sample 
handling and in data recording in the more recent experiments. 

Pl??cision of a?zaly&?s 

Ameasure of the precision or.reproducibil_i& of the GLC method of deter- 
mining fatal cholesterol and total triacylglycerols in unknown plasma was 
obtained by calculation of the standard deviation and the coefficient ofvaria- 
tion on repeat analyses at several levels of concentration of plasma lipids. 
Table II gives the mean values, standard deviations and coefficients of variation 
fcr 4 repeat analyses for total cholesterol and total triacylglycerols from 17 
random sam&s of plasma. The overall coefEcients of variation-are 1.12 and 
2266%. for the total cholesterol and total. triacylglycerols; -respectie~y, The 
reprodticibili& of these values or the -ixe&ion of the GLC:analysis -its@ for 
the naturalsamples is therefore of the &came order as t&at previously observed 
for sfandard free cholesterol and trhx&iycerols by ~this method [4] . Table 
III gives the range of values, niean- of values, standard -deviationS -.and the 
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P3XECISION OF Q-UADEWPLECATE REPEAT GLC ANALYSES OF PLASMA TGTAL 
cHoL.EszERoLANDTR~~LYcERoLS 

Eachsample ~88 in@&ed fo~timesintothegaschromatographinfourcyclesoveraperiod 
oftxvodays_ C.V. =caeffitient of wriation;S.D.=6t8ndarddeviation. 

Sample ChOk&?B31 T+flcyl&Celd 

Mean f S.D. C.V.(%) Mean* S.D. C.V.(%) 

1 187.8~0.64 
2 182.5k4.5 
3 168.0*1.2 

- 4 15x3*0.75 
5 140.5*1.4 
6 143.9+0.55 
7 132.4k1.6 
8 130.6i3.0 
9 129.1*0.67 

10 156.3+1.9 
11 132.1*0.3 
12 154.0k2.6 
13 158.4*0.13 
14 143_QiO_QS 
15 3_40.5+4.3 
16 138.5e3.5 
17 130.9*0.64 

0.34 31.721.0 3.2 
2.5 32.8k1.3 4.1 
0.70 18.2r0.30 1.6 
0.50 38.5+1.15 3.0 
1.00 48.1k2.5 5.2 
0.38 58.1*0.85 1.5 
1.2 35.7k2.3 6.3 
2.3 50.9+0.83 1.6 
0.52 41.1i0.89 2.2 
1.2 42.9kO.65 1.5 
0.23 52.9kO.48 0.90 
1.7 57.4e1.7 3.0 
0.08 53.7*0.59 0.93 
0.34 36.3*0_93 2.5 
3.0 65.5r1.1 1.7 
2.5 50.4*1.8 3.6 
0.49 36.2r0.82 2.3 

Average 148.2r1.66 1.12 45.lel.12 2.66 

coefficients of variation for the withinday variation of the estimates of total 
cholesterol and triacylglycerols as obtained on three samples of standard 
plasma of markedly different t&d lipid content following decapkate repeti- 
tion of the entire analytical routine on each sample, but excluding major 
adjustments in - * e&&ion. The ov&ll coefficient.& of variation obtained 
in this instance are 1.14 and 1.93% for total cholesterol and total triacyl- 
glycerols, respectively. These values again are of the order obtained on repeat 
injections of the same sample. Table IV gives the range of values, the means 
and the standard deviations :of the within-day and -between-day variation 
observed for the entire GLC method when -major &&ument adjustments are 
also included. These variations were recorded for an external quality control 
standard over a 6Oclay period. Ii is seen that the within-day .standard devia- 
tions of 2.2 and 3.0 mg% for total choIesteko1 and t&al triacylglycerols, respec- 
tively, are somewhat higher than those observgd for the withinday repeat 
injections of the same sample or for repeat processing and analysis of the 
same sample including appropriate correction factors (Tables II and III, re- 
spectively). However, the betweenday variation. was highly significant and 
emphasked the need for the eriternal standard for quaIity control of the 
analyses. When the unk~~own vdue~ are corrected for the day-to-day varia-’ 
tion. of the e&emal reference standard, the standard deviations of the day- 
to-day variation become of the order of those seen for the within-day varia- 
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TABLE; Iv 

WITHIN-DAY AND DAY-=-DAY VARIATfON OF THE ENTiREi GLC METHOD OF 
ANALYSIS OF TOTAL CElo- OL AND TOTAL TRIACZYLGLY~OLS IN A 
QIMLITYCONTROLSAMPLE 

The daysofem&seeweret&enfroma SO-day peziodi.nJanmry,Febmaryand March of 
1976.Inadditiontotheentire~ntineofsampleprepanrtion,themethodincludedbi-FReekly 
detector ekming, one column replacement,one detectorjetreplacernentand one replace- 
mentofseptam. 

Days of Totalchoksteml(mg%) 
EUl&CdS 

Tot.el@a~ylg&merols(mg%) 

Range Mean+ S.D. Range Mean f S.D. 

1 153.6-155.7 154.9cO.85 87.6-89.4 88.4kO.75 
2 168.6-173.0 l-70.2+2.33 89-l-96.4 9i.5r2.75 
3 l56.6-159.3 156.2t2.18 83X-94.0 88.353.98 
4 161.4-166.0 163.5k2.11 95.8-97.6 96.8r0.84. 
5 152.6-160.4 154.9k3.63 9X6-106.3 97.7=6.5 
6 161.7-165.5 164.6k3.01 99.4-114.0 108.625.13 
7 166.4-178.7 169.6k2.3 95.7-106.5 102.7+4.6 
8 170.0-171.7 171.8*1.34 101.2-104.8 103.3rl.74 
9 164.6-169.7 168.7~2.88 96.5-101.7 93.3r2.24 

10 166.9-170.5 168.7kl.42 101.1-104.1 102.7*1.35 
11 168.3-171.7 169.6e1.42 98.5-102.2 100.8*1.60 
12 165.0-170.7 168.3k2.29 96.5-106.7 103.li4.21 

OverallMean 165.1 98.2 
TotaiS.D. 6.3 6.5 
WithindayS.D. 2.2 3.0 
l3etween-dayS.D. 6.3(P< 0.01) 6.2(P< 0.01) 

tions, On the basis of these data it is concluded &at the maximum error 
observed with the GLC method does not exceed 5%, which is about. twice 
the coefficient of variation of repeat injections. 

-. 

Fig. 3 shows a plot of the GLC results of duplicate analyses of 227 random 
samples of plasma for total cholesterol as obtained by analyses extending 
over a period of two years. A similar plot for total triacylglycerols is shown 
in Fig. 4. With few exceptions, only one determination was made per sample. 
However, all the GLC elution patterns were examined for errors in baseline 
resetting and where necessary, the peak areas were recalculated by cutting 
out and we-g the paper obtained by xeroxing the appropriate parts of 
the GLC records. A total of 56 runs were corrected in this way. There is 
an excellent agreement between the corresponding values, over 90% of which 
are found to be-within *IO% of the ideal correlation line w-khintercept 0 and 
slope equal to 1.0. The average A and B values are 200.7249.5 and 198.4C48.7 
mg% for total .cholesterol and 139.5k120.4 and 138.4ClIO.O m$$ for toti 
triacylglycf~o?s, respee$$vely. The f correlation coefficients for the cholesterol 
and @acylglycerd an~yses of the A and ;3$ samples were 9.9348 and. 0.9790, 
resp@ively. A calculation of the coefficient of variation of the duplicates 
gave v$ues .of _~5.9 and. 10.5% for the A and. 8 samphy of total .cholesterol 
$.&I’. trk$&ycerols~ resp&tively. .. The’ cOefficients of variation -are consid- 
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Fig. 3. Comparison of results (mg%) obtained by GLC for duplicate samples of plasma over a 
period of two years. 

Fig. 4. Comparison of resulti (nig%) obtained by .GLC for +~plic&e &amp!+_ of $&uik+ _?ver_ a 
phi&d of tW;, ye&. 
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erz&Q higher than those of the relative errors calculated from the multiple 
repeat a&Xyses carried out. over a shorter period of time. Nevertheless, it 
is obvious that the analytical system reproduces its results with high precision, 
.as already noted for a manual version of the method in tiacylglycerol analyses 
WI - 

Any bias in the GLC analysis was &ess@ by conaparing the results with 
the AutoAnaiyzer target values. Table V &ves the average differences of 10 
repeat analyses of the plasma pools LRC 1, LRC 2 and LRC 3 and the 
jarget values at three different times of amlysis. The GLC values for both 
total cholesterol and total triacylglycerols are about 5-10% lower than those 
obtained by the AutoAnalyzer method for the same samples. The bias (mg%) 
defined as the average of the errors for each pool, varies from 5-17 mg% in 
direct proportion to the total lipid level. The results have been compared by 
calculating the relative error in percentage units. 

Fig. 5 shows a plot of the values obtained for total cholesterol on 197 
plasma SampLes sekcted for m aximum range of values by the AutoAnalyzer 
and the automated GLC procedures over a period of a few months. Although 
in most instances only a single GLC de$e&atior! was made, an excellent 
agreement appears to have been realized over the entire concentration range, 
with a correlation coefficient of 0.9799 and a regression coefficient of 1.0177, 
The means and standard deviations of the AutoAnalyzer and GLC eskimates 
were 236.28k92.46 and 236.23k96.03 mg%, respectively. The coefficient 

TABLEV 

COMPAJUSON OF RESlJlX’S OBTAINED BY AA11 AND GLC METHODS FOR PLASMA 
POOLS OF WIDELY DIFFERENT TOTAL EmID CONTFINT 

Analyses 1-3 wee obtained on three separate days within a Z-week period. 
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Fig. 5. Comparison of results (mg%) obtained fax toti. plasma chokstcrol by GLC and Auto- 
Analyzer methods over a period of a few months. 

of variation between pairs analyzed by the two methods was 4.5%. This indi- 
cates that ‘he agreement between the AutoAnalyzer and the automated GLC 
procedures is about as good as that obtained for repeat analyses of the same 
sample of plasma by the GLC method alone. Fig: 6 shows a plot of the .values 
obtained for total triacylglycerols on the 197 selected plasma samples. Again 
with the exception of a few instances only a single determination was made 
on each sample. The overall correlation coefficient was 0.9337 and the regres- 
sion coefficient 0.9067. The means and standard deviations of the AutoAna- 
lyzer and the GLC estimates were 345.98t474.08 and 325.16*436.97 mg%, -- --_;--- respectively. The .e&remely high standard deviations arise from the wade 
range of. triacylglycerol concentrations encountered in these samples. The 
coefficient of -variation between duplicates was 8.5%. In contrast to the ex; 
oellent agreement between the estimates for total cholesterol then AutoA.na- 
Iyzer and the GLC methods appear to M on the values for toblplzisma 
kiacylglycerols. The GLC. method .seems to underestimate -the total plasma 
triacylglycerol level by about -20 mg%. An inspection of .the plot’reveals that 
there are seweml plasma samples which differ by up to 50 mg% in the estimated 
content of triacylglycerols. An examination of the GLC elution patternsand 
computer printouts for errors in computation failed to reveal any -and~sug- 
gested that a true bias existed, in either of the two metlmds of analysis.-The 
excellent correlation between the AutoAnalyzer and the GLC‘estimates, 
-however, indicaks that both methods are asse$sing &sentiaUy the ._s+h Com- 
ponents. It is. suggested id discussion that-the .AutoAnalyzer met&&i -may 
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Fig_- 6. Comparison of results (mg%) for. total plasma &ia~ylglycerols as obtained by GLC 
and AutpAnalyzer methods over a perjod of a‘few months. 

give overestimated values due to the manner of expression of data; and due 
to the presence - of non-specific chromogens and partial acylglycerols in the 
pIasma samples. _ 

Fig. 7 shows a.plot of the GLC~vahres of total-cholesterol versus the Auto- 
-Analyser target -values-for 794 random samples of plasma as obtained over a 
period of two years. Since this .cogection of samples includes a high propor- 
tion of-runs recbrded using the lower rati of. temperature programming there 
were numerous emors in baseline resetting, -the correction of which required 
the rec&uIation of the GLC date by cutting out and tieighingthe peak sress; 
About200 samples were corrected in @is way:The overall correlation coeffi- 
cient was 0.98108 with a regression coefficient of 0.9696. The means and 
standard deviations for total choksterol of thei AutoAnalyser and the. GLC 
estimates were 217..39+45.93 and 207.03k48.89 mg%, respectively. The 
coefficient of variation between duplicates was 6_1Y& It is seen that over 
the &tended period of time of analysis, involving numerous changes in the 
operating conditions, cohunns and liquid phases, as weJ.l as recahbrations of 
the s&em and. diluGions of new batches -of internal standard, a good general 
agreement was‘iceahzed for the e&ma’&% of toti plasma.choleskoi by the 
AutoAnalyzer--and the automated GLC methods. On. the average&e GLC 
method underestimated the. total p&&a. chok&ero~ by about--IO -mgY$, while 

-. the other -parameters .of -the data remained -very -much the same as those ob- 
served for the short-temtCorrelations_~ _ .- -. .: 
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Fig. 7.. Comparison of results (mg%) for total plasma choleskerol as obtained by GLC and 
AutoAnalyzer methods over a period of several years. 

kg.. 8 shows a plot of the vaiues for the triacylgiycerols as obtained by 
the AutoAnaIyzer and the GLC methods on the 794 random samples of plasma 
ardyzed over a 2-year period. The overah correhkion coefficient was 0.9739 
with a regression coefficient of 0.9084. The means aud standard deviations 
of the AutoAnaIyzer and the GLC estimates were X57.1436+120.9516 and 
133.7833~112.8181, respectively. The coefficient of variation between duph- 
cates was 12.7109. It is seen that in the- larger number of samples analyzed 
over the longer period of time, the discrepancy between the GLC and the 
AutoAuaIyzer methods remained about the same as that seen in the smakr 
number of sampies dyzed over- the shorter periods of time_ In comparkon 
to the AutoAnsIyzer; the GLC method underestimated -the total plasma tri- 
acylglycerois by about 20 mg%. 

DISCU!SSION 
. 

The &sent lsrge-scsle study co& the- general -s&abti~: of the atrto- 
mated high-temperature GLC procedure for the analysis of plasma %QG cho- 
lesterol and .triacyIgIyceroIs claimed previously from snaiyses of-modeI mixtures 
of neutraI iipids and reference t sea There is evidence that under carefu.Uy. 
Controkd COnditiOnS the plasma lipids can be subjected to a:-prehminary 
dephosphoqdation with phospholipase C without affecting the e&m&& for 
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Fig. 8. Comparison of results (mg%) for total piasma triadylglycerols as obtained by GLC 
and AutoAnalyzer methods over a period of several years. 

free choles~rol, cholesteryl esters and triacylglycerols in the digestion residue. 
We have shown elsewhere [3] that the monoacylglycerols, diacylglycerols 
and ceramides released by the enzyme treatmetit yield valid estimates of the 
plasma lysophosphatidylcholines; phosphatidylcholines and sphingomyelins. 

The GLC values obtained for both total cholesterol and.total triacylglycerols 
show. excellent correlation with the modified AutoAnalyzer -target .walues, 
but exhibit a negative bias. Thus, the mass values for total cholesterol are 
about 5-10 m&S below those of the calorimetric values of the AutoAnalyzer 
even though a plasma correction has been already made on the data [S, 91. 
It is known that. the Lieb ermann-Burchard method gives as much as 20 mg% 
higher color yield for cholesteryl esters -than for free cholesterol and tha% 
there are differences in the color yield of different cholesteryl esters 1121. 
F’urthermore, met&o&es of cholesterol found in plasma in variable amounts 
[13]- a&e believizd to_ be responsible for a discrepancy of about 12%. between the 
ferric chloride-sulf&c :acid and $he GLC or. enzymatic methods of analysis 
of -‘plasma choiesterol in the &ee form 1141. Since the correctiori factors 
applied in-the LRC AutoAnalyzer method probably apply .only to a .narro+ 
range- of free..cholesterol-choksky~ ester ratios and to a speciik -faw a*d 
composition -of. the cholesteryl ester; qs well as to -a specific ra3.Z~ of cholesterol 
and its :. companion sterols, a complete .-agreement would not be expeCted 
between any..indirect and-direct methods of- analysis. It may be fiqted,lhow- 
ever; that’ -a gas chromatographmass spectromeby (GC-MS). examination 
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[15] of the plasma We sterol f&&ion has failed to reveal the high proportions 
of cholesterol companions previously believed to be present in plasma 1131. 

A significantly higher intercept value for the AutoAnalyzer method of 
~cholesterol determination, when compared to the GLC method, has also been 
reported by -Watts et al. 151, who, however, did not employ a plasma correc- 
tion factor. Since they were able to obtain essentially identical values for 
total cholesterol by both AutoAnalyzer and the GLC methods, when the 
analyses were made on isolated plasma lipoproteins, it must be concluded 
that a chromogen is possibly presen t in the infranatsnt fraction of plasma 
lipoproteins obtained after ultracentrifugation at density 1.21 g/ml. This 
possibility deserves experimental examination. 

There is evidence also for plasma interference with the triacylglycerol 
-determination by the AutoAnalyzer method. An intercept value of about 
20 mg’% obtained in the present experiments compares to an intercept v&lue 
of 0.58 mmoles/l or about 50 mg% reported by Watts et al. [5] for their 
AutoAnalyzer-high-temperature GLC comparison. In contrast to the cho- 
lesterol determination, the interference for triacylglycerol determination 
remained relatively constant with the sample concentration, the slope being 
about 1.0. An examination of the detailed methodology employed by the 
AutoAnalyzer method reveals that the values are not routinely corrected for 
a cold alkali blank estimated to be about 3 mg% trioleoylglycerol for the AA11 
at Toronto, or for the presence of about 2% mono- and 4% diacylglycerols 
[16], which could have contributed a maximum of 6-8 mg%, when measured 
as triacylglycerols. The possibility of occasional contamination of the plasma 
neutral with polar lipids during the Zeolite adsorption 1111 could also have 
contributed to the higher estimates for total triacylglycerols, as could have the 
presence .of other unidentified components containing actual or potential 
vicinal hydroxyl groups [ 8, 111. Furthermore, the AutoAnalyzer method [S] 
expressesitsresultsintermsofaC 54 triacylglycerol or trioleoylglycerol (tri- 
olein), which results in a variable overestimation of the content of plasma 
triacylglycerols averaging 5-8 mg%, since the actual average plasma triacyl- 
glycerol is USURY a GZ [17, 181 or as low as a Csl species [18]. Watts et al. 
[5] reported an average carbon number of 51.8 for the triacylglycerols of nor- 
molipemic and hyperlipemic human plasma. The above discrepancies could 
add up to about 20 mg%, which is the approximate difference observed be- 
tween the GLC and the AutoAnalyzer methods. Additional discrepancy might 
a&e due to a lack of a hot alkali blank, which for technical reasons also re- 
mains uncorrected for in the AutoAnalyzer method.. These explanations 
would account for the discrepancies in the measurements of the unknown 
plasma samples, as well as would rational& the lack of disagreement in the 
measurement of standard trioleoylglycerol from the Lipid Standardization 
Laboratory, and possibly the smaller differences observed between-the GLC 
and the AutoAnalyzer estimates for triacylglycerols in plasma lipoprotein 
&&ions 151. The much higher intercept vahses reported by Watts et al. [5] 
for the AutoAnalyzer and GLC comparison of plasma total triacylglycerob 
would require a greater allowance for the above potential interferences or some 
otb& bask would have to be found for explanation (subliminal losses of tri- 
acylglycerols on GLC during isothermal analysis?). In any event, the present 
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difference between the GLC and the AutoAnalyzer values is of the order that. 
could be reasonably expected from an exam&ration of the two analytical 
routines and a knowledge of the plasma lipid composition from independent 
analyses [16] _ Qn the basis of the above data and the data of Watts et al. [ 51, 
it would be desireable to &-examine the AutoAnalyzer methodology of tri- 
acylglycerol determination to see if a plasma or serum standardization sim- 
ilar to that employed for cholesterol determination may not be necessary. 
Certainly the erroneous expression of the final results and the inclusion of the 
appropriate blanks should be reconsidered for accurate triacylglycerol analyses. 

Finally, it should be remembered that the GLC method also could be occa- 
sionally in error due to a rapid peroxidation and loss of the more unsaturated 
glyceryl and cholesteryl esters during isolation, dephosphorylation, derivatiza- 
tion and storage of the plasma lipid samples. Likewise, incomplete dissolu- 
tion of the plasma lipoproteins from the frozen samples especially after pro- 
longed storage [7] may have contributed more to an underestimation of both 
total cholesterol and total triacylglycerols than presently appreciated. 

The high precision and apparent high accuracy of the present GLC results 
supports earlier claims in this regard and would seem to recommend it as the 
method of choice for accurate determination of plasma cholesterol and tri- 
acylglycerols. In the present state of development the automated GLC method 
is capable of determining total cholesterol and total triacylglycerols on a 
maximum of four samples per hour, which, even when extrapolated to a 
maximum of 96 samples per day, would not approach the through-put of 
an AutoAnalyzer (about 300 samples per day). The advantage of the GLC 
method of plasma lipid determination lies in the definitive nature of the 
measured components, which is especially important in the analysis of ab- 
normal plasma samples, and iu the additional information provided about 
the composition of the plasma lipids. The separate values for free fatty acids, 
lysophosphatidylcholines, free and esterified cholesterol, the phosphatidyl- 
cholines and sphingomyelins, along with the major molecular species of the 
cholesteryl esters and the acylglycerols and ceramides are of interest to a 
variety of clinical conditions and the normal metabolic state of the body. 

Obviously, with precise peak area integrztion the GLC method can provide 
estimates approaching those sought for plasma cholesterol [19] and plasma 
triacyiglycerols 1203 by the absolute or definitive methods of quantitation 
using stable isotope dilution and combined GC-MS. 
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