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During our study of the fractions of cholesteryl esters :and «of (glyceritles iin thuman
sera in normal and in pathological conditions, ;paper .chromatography was wusetl.
Our system permits differentiation between.a -series df¢hdlesteryl cesters mntl cone odf
triglycerides. Various methods of detection ‘were .exaniined, which miight «diso lleatl
to quantitative estimation of the saturated and unsaturated {derivatives lby means
of direct photometry.

MATERIALS AND "METHODS

The isolation of cholesteryl esters.and of .glycerides \was performed con @dlumns «ff
aluminum oxide. Direct chromatography ofithe serum-extracts\wasmotusset], Ibecaisse
the spots of some cholesteryl esters. and of .glycerides:are ovetloaded.

5 ml of serum were extracted with a mixture of ethandl:and «ethyl «ther ({x:3)
and the extract was dried under nitrogen. The lipids \were we-extractetl wiith ljgitt
petroleum (three times with 5 ml) and applied :to rthe JAL{Q, cclunmm. (Chélestenst]
esters were eluted with 50 ml of carbon tetrachloride:and glyceritles with 5o mil «df
chloroform.

Both fractioms were evaporated ‘to dryness-under mitrogen. Mhe <ester ffradtion
was dissolved in 3 ml of chloroform and:thefraction-of:glyceridesiinozs mildfadlilore-
form. The solutions were applied in amounts of:50 il on-sheets«df Whatman No. 3
paper impregnated with paraffin oil?,

As the mobile phase, a mixture of acetic.acid—cliloroform-~pardffin il (8o 15 5;;
v/v/v) was used.

After chromatography with this mixture ‘at:room rtemperature tthe ¢hrometto-
grams were dried at 80-100° and detected by :dipping iin 1'% agueous jpotassitm
permanganate, them immediately washed ‘in irunning wwater. [The sspots wwere tbrown
on the white or slightly brownish background.

* A part of this paper was presented at the Conference on iRPaper(GChromatography, H2rague,
June z1—22, 1961.
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Hizcations: off chiolesteryli esters and glycerides of mormal human sera were used
asredérence:standards: These fractions were isolated on an Al column as described
abione:. THese: “‘normall’’ extracts-were applied on the paper in amounts of 30, 50, 70
andirooudl.

Affenr detectiom thie chiromatograms of the standard mixtures were evaluated:

A\ Tim transmitted] lights: B.. In reflected light; C. In tramsmitted Lght, after
impregratiom off thie cliromatograms with paraffin ©il; D. By microphotometry of
theenegativessoff the:cliromatograms on photographic film.

Im alll fourr cases;, the' densitometric (photometric) curves were registered auto-
maticallix andlevaluatedlboth by measurement of the areas (five times using a polar
plamimetern;; expressediini cm?) and by measmement of the maximmum demsity (peak
Hesglitssi mm)) off thie-curves: .

Iim the: firstt thiree- cases- the green filter from the Lange colorimeter was msed.
Iim casess A and] € tlie: densitometer ““‘Chromatometer 3¢ (B. Lange, Berlin) and im
aase: B3 o reflecting: densitometer: of our own construction? was used. Registration
wassamried] outtusingraymitror-galvanometer (Multiflex MG =z, B. Lange) and a record-
gz apparatuss ({( Nachlaufschireiber 27°, B. Lange). Microphotometry was performed
witth & (zedlioslovak:recording microphotometer (Keramos, Brno).

ThHee measured] valiies- were -linearized as a semilogarithmmic dependence between
thHemacimumdénsity; orrtlie areaand ' the logarithm of the applied volumme,

¥y = a -+ bx,
whereeyy = maximum:density in.mm or area of the curve in cm?2,
== lbganthmxoﬁthe volume v (ul) of the standard mixture (x = log @),
a;,b) = constants-ofithe calibration equation-
Semiloggaattimic: linearization: has- already been used in the photometric evaluation
off divomatograms: off many-other substances® and in spot-testss.

ThHeecalibratiom equations-were calculated by meamns of the least-square method.

Hiomm tie: differences: between: measured amnd calculated wvalues the standard
déviatiom off y;, sy, was- calculated: Inorder to compare more closely the deviations
féoT variouss denivatives;, the interval Ay, corresponding to sy in the mean value of x
(W=5609)ul)} was-calculated! The scheme of the calculation procedure is demonstrated
imHBigr.ax.
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Hijpg. 1. Comparison: off the -acouracy: of the calibration equatioms. s, = Stamdard deviation of w
¢(_q,.___.~)2.

Ly = Measured valme (cm® or mm),

ffoomthecegpationyn=-a1-4--bx; ¥ == logv. sy = = /

W = Vadizeccalémlated ! from calibration: equation. v = Volurmre of stamdand misxtmne, im @l 2 =

-&Mmg&w:lhesaf fav(corresponding value v = 56.93 ul). 4, = Interval correspondime to the walnes
Y 4 syand Y —.s,.
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RESULTS AND DESCUSSION

At the beginming of this work, various methods were triied for separatime amd dettectimez:
saturated .and unsaturated derivatives of tthe hitgher fattty adidis. Tihe methods examm—
ined did met give :any satisfactery wesults for the satmratedl derivattiives. Tihe demiv~—
atives of unsaturated higher fatty acdids (UHFA) were them exomimed.. Demsitio-
grams of the chromategrams of ghroerides of WHFA showed, howewer, tihat tlhe
chromatographic method wsed gawve imcompplete separatiom of these derivatiivess.
In addition, the detection method proved mmsuittablie flor quamtitative amallysis.
None of the four methods mentioned gawe mesults of @ sufficient degree of accuracy
due probably to lack of homoegeneity in the coloratiom of the spotts amd] of tie: back-
ground. The base line showed great wariabilitw alomng tihe lomgtih of tihe dromatograms:.
Because of this, the methods of amalysis (maimlly tihe detection) mmust be finrther
perfected, and the results presented :are wallid emily for the dholesteryl esters of UHIFA..

The densitometric curwves obtained witth tihe fomr metihods of photometry mem-
tioned, evaluated according to their areas amd accordiing to tieir masimmmm densitiess,
are summarized in Table 1.

The relation between the measurad walnes amd tihe logaritihms of the applied
volumes is shown in Fig. 2.

The Tesults :achieved :are to some exttent sunprisimg. Theoretiicallly (cf. TFanmra®),
it could be presumed that the best results wrould e obtmimed by photometiry of the:
impregnated chromatograms im transmetited Thght. Howewer, tins metihod was sinomm
to be less accurate than the other three. The measom for tihis possilbly lies im e

TABLE I
‘RESULTS ‘OF THE DENSITOMETIRY (OF (CHRONMNTOGERWNES (OF (O ESIERYL. TSRS

\Wolumce: of the standarid imixture (148) Wirhienwafftdhe sttavdbndi msictivne (1)
Metiod> Ester™

30 S0 ;70 oo i Ho 7w m

!Height of :peaks, :inmm fmaximum ilonsity) rzaaffdimssitigpoanss, imon® 3« 5
QO .20 €5 357 63 (5% xm.B 2419 2; 8
A R 69 ‘88 ‘9O 9B T Y0 ((70:% o) T
A 2 L] 359 63 DX 077.o ki B 22 )
O 33 50 60 83 5.2 252 FHh5 M577
B L 70 109 L3z IO HB-# 730 973 Iy 3
A 33 57 70 93 uB-4 245 273 325
O T8 24 46 36 KT @77 oR.y el o}
C I g T4 i f; 4 i (331 Foay 1348 R QOLD)
A 37 xT7 6o 78 @7 2.0 ZR fe X TS
o 27 @$5 &7 738 .5 QB I 3oy
D i 75 ‘Bg w53 o774 RPD F0L6 Y25 oG4
A =2 @42 ‘Bo 0>153 B.4 191 8y7d 2R I

¥ A = Pensitometryiin transmittted light witttheust immprepmattion of dhronattogramms;: 1B — Dem-—
sitometry: inreflectedlight:;(C = Densitometxy iin tramsmmiittted Hghtt:; cdimomeattogmanmes; inmpregmatied!
\thh pmfﬁn «oil; D = Microdensitoemetry- @f mhmﬂgnqihxc megutifces of e dinomategppamss.

** Abbreviations: (@ .= «holesteryil @leate; L = «helesteryl limolante; A\ = ciollesttenwll anaacihdi-
dounate.
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Fig. 2. Results of the photometry of chromatograms of cholesteryl esters. v = Measured photo-
metric values; height of peaks in mm (measurement of maximum density) or area in cm?* X 5
(measurement of area enclosed by densitometric curves). ¥ — Logarithm of volume of standard
mixture applied to chromatograms. Thick lines = measwrement of maximum density. Thimlines =
measurement of area. Methods of densitometry are indicated by large capitals. Cholesteryl esters:
O O olecate; @ @ linoleate; 4 - arachidonate.

variation in texture of the paper used, which is more evident in transmitted light than
in reflected light. The thinner papers (Whatman No. 4 and No. 1) are more homo-
geneous, but the separation was considerably worse than on Whatman No. 3 paper.

The impregnation procedure carried out prior to densitometry did not affect the
colour of the detection reaction. The impregnated chromatograms were registered,
extracted with light petroleum and registered again. The resulting densitograms were
practically identical with densitograms obtained prior to impregnation.

From Fig. 2 it is evident that method B (measurement of reflectance) is better
than the other three methods. This figure alone, however, cannot determine whether
it is more accurate to evaluate the demsitometric curves according to their areas or
according to their maximum densities (.c. peak heights). For this reason we calculated

TABLE 11

CALIBRATION EQUATIONS FOR THE EVALUATION OF CHROMATOGRAMS OF CHOLESTERYL ESTERS IN
REFLECTED LIGHT

3 = a + by; ¥ = logv. ¥ in mm (measurcment of maximum density) or cm?® < 5 (measurement
of area).
M easuremeni of mmax demsity MMeaswreneant of area
Ester™
, 5, J By
a ® o) ) = & (emi% 50 el
O —110.30 95.88 +2.48 6.80 -— 7348 50.3¢4 +1.75 7-75
L —1I55-95 154.50 ° *+ 3.77 6.39 —161.76 138.96 +2.30 4-33
A —138.42 I15.75 <+ .12 =.64 - 3818 35.67 4 1.74 11.63

* O = cholestervl oleate; L. = cholesteryl linoleate; A = cholesteryl arachidonate. Other
explanationsin text.
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the calibration equations (the least-square method), s, and corresponding values Ay
for both the measurement of areas amd the measurement of maximum densities..
The results, shown in Table I, demonstrate the greater accuracy obtained by meas-
uring the maximum demsity. This method is also much faster tham measaring the
-areas.

Omn the basis of these results we were able to evaluate the chromategrams of
derivatives of UHFA from variows sera. The datza obtaimed (some: of which have been
published?) agree with these givem im the lteratwmre..

The calcullated values im gl were comverted to weight units or to relative con-
centrations im the following mmammer:

If ¢s is the comcemtration of the particular derivative im the standard mixture,
then its weight amounnt im volume » is w:

W = VCs,
and log w = (y — @)/ + log cs,

or log w = (y — &b,
where @ = @& — & log cs.

If the actual concentration is umkmowwm, we cam wse the relative: concentration (i %)..
In this case we obtain the results in terms of the relative comcentnrations.
Thus ZOLINER AND Worrraw” foumd the relative comcentrations of cholesteryl
esters in human serum to be:
oleatte 284 %,
Imoleate 37- %
arachidonate 145 %,

In this mammer we calculated from demsitograms (evalwatimg the: reflectance: records.
accordimg to their maximmm densities) the comcemtratioms off cholesteryl esters
in sera of man amd of varions amimals. Our results comformm with the data of other
authors obtained by otler methodks.

The method of photometry wsed, 4.c. the photometric evaluatiom of chromato-
grams in reflected Light, has four main advamtages.

(o) Tt is poessible to wse thick paper (Whatmam Nao. 3), which is more homogeneous:
in veflected tham in tramsmitted kgt

(2) The method is quiclk. With ouwr densitometer® it is possible to record more
than a hundred dhnomatograms per diay.

(3) The method of evalmatimg the demsitograms accordimg to their maxima
is faster than measuring aneas, amd, moreower, im our experimemnts: this method proved!
to be more @accurate tham the Latter.

(4) Measuremvemt of maxima also allkows the evaluatiom of chromatograms: with
incomplete separation of the spotts.

SUNNARY
Paper <hromatography was wsed im the determimation of derivatives: of higher fatty
acids from biclogical material. Tike optimum conditions for quantitative: evalwation

by photometry of chromatograms were imvestigated.
The method msed did mot give any satisfactory resolutiom of satturated denvatwes

J.. Climomadog., 12 (1963) F74—~379
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and the results of the densitometry of the chromatograms of glycerides demonstrated
that the method of chromatography and detection did not permit quantitative
evaluation. :

Cholesteryl esters of unsaturated fatty acids (cholesteryl oleate, linoleate and
arachidonate) were separated to a sufficient degree. v

For quantitative evaluation we compared four methods: (1) direct photometry
of chromatograms in transmitted light, (2) direct photometry in reflected light,
(3) photometry of chromatograms impregnated with paraffin oil, and (4) microphoto-
metry of the photographic negatives of chromatograms.

The resulting densitograms were evaluated (a) according to the areas and (b)
according to the maximum density of the curves. Of these four methods, direct
photometry in reflected light with evaluation according to the maximum density
gave the most accurate results.

The analytical procedure mentioned for the estimation of cholesteryl esters in
sera gave results conforming with those obtained by other methods given in the liter-
ature.

REFERENCES

1 €. MICHALEC AND J. STRASEK, J. Chromatog., 4 (1960) 254.

2 D. HAL'AMA, Chem. Zvesti, 13 (1959) 254.

3 R. J. Brock, E. L. DUrRRUM AND G. ZWEIG, A Manual of Paper Chromatography and Paper
Electrophoresis, Academic Press, Now York, 1961, ‘

1 D, HAL’AMA, in Some General Problems of Paper Chromatography, Publishing House -of Czech.
Acad. Sci,, Prague, 1962, pp. 205210, ,

5 W. FALTA, in Jenaer Jahrbuch 1955, 2. Teil, VEB G. Fischer, Jena, 1955, pp. 212—246.

6 . MicHALEC, M. SuLc, J. Mit§Tan, D. HAaL’AMA AND V. KoMaN, Sb. Léka?., 63 (1961) 99.

7 N. ZSLLNER AND G. WoLF¥RrRAM, Klin. Wochschy., 39 (1961) 817, '

J. Chrvomatog., 12 (1963) 374-379



