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ABSTRACT 

Dialysis of three major lipoprotein fractions from human serum, 

Sf 20-10
5

, Sf 0-20, and -Sl. 20 0-16 against low concentrations of cupric 

ion is associated with accelerated chemical alteration of polyunsaturated 

fatty acids and cholesterol. Less extensive changes in these acids were 

observed during dialysis against ion-free .water. Reaction products of these 

chemical alterations were irreversibly retained on succinic acid-diethylene 

glycol-polyester gas -chromatographic columns. Present evidence suggests 

that these reaction products are relatively polar compounds probably in the 

chemical class of lipoperoxides. 
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INTRODUCTION 

During dialysis of serum lipoproteins against cupric ion, Ray and 

co-workers observed marked changes i~ analytic. ultracentrifugal patterns. 
1 

In these studies cupric ion was established as a catalyst for reactions leading 

to lipoprotein degradation. It was suggested that this reaction was oxidative 

. ' . 
in nature and that unsaturated compounds, such as unsaturated fatty acids, 

were involved .. Degradative effects have also been observed during isolation 

and storage of lipoprotein fractions. 
2 

Gurd has associated such degradative 

or aging effects in lipoprotein solutions with shifts in ultraviolet absorption 

spectra that are indicative of lip6peroxide_· ;formation.~ 3 

Gas chromatographic techniques have provided a sensitive method for 

the determination of biologic fatty acids. In this report we have applied. these 

techniques to the measurement of fatty acids from lipoprotein fractions ex~ 

posed to specific dialysis conditions. ' It was of especial interest to establish 

which fatty acids are involved in the cupric ion reaction and what their elution 

properties are on a succinic acid - diethylene glycol polyester chromatographic 

column before and after dialysis. The relationship of the fatty acid changes 

to the gross macromol~cular d.'egradation is discussed. 
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METHODS 

Ultracentrifugal Isolation and Analysis of Lipoprotein Fractions. Previously 

reported ultracentrifugal flotation techniques were used for the isolation 

and analysis of three lipoprotein fractions from human serum. 
4 

The specific 

lipoprotein fractions isolated were the Sf 20-10
5

, Sf 0-20, and -Sl. 200~ 16. 

These ultracentrifugal designations and their relationship to the physical 

properties of these lipoprotein fractions have been reported in previous 

communications. 
5 

Two individual sera were used in this investigation. 

Serum from a nonfasting 52-year~old male subject was used for the isolation 

of Sf 20-10
5 

lipoproteins. The Sf 0-20 and -Sl. 200-16 lipoproteins were 

isolated from a nonfasting 22-year-old female subject. No precautions 

against the presence of metal ions were taken during the ultracentrifugal 

isolation procedures. Upon isolation the lipoprotein fractions were im-

mediately subjected to dialysis. 

Dialysis Procedures. Lipopr~tein fractions were dialysed in Visking cellulose 

casing (18/32 inch diameter). The tubing was previously washed and tested 

with ion-free water. Ion-free water was prepared by passing laboratory 

distilled wate.r through the following large capacity ion-exchange colums: 

first, Dowex-50, then,· Dowex.-1, and, finally, an equal part mixture of 

Dowex-50 and Dowex-1. Water prepared by this procedure was considered 

ion-free and was used in the preparation of cupric ion solutions for dialysi~. 

The lipoprotein fractions were dialysed against ion-free water and 

ion-free water containing approximately_1.5?<10-
5 

moles/1 of cupric ion. 

In the dialysis procedure 1 ml of lipoprotein solution was dialysed against 

approximately 200 ml of solution. A small amount of air was present in the 

dialysis bag. Dialysis was carried out on a gently rocking platform in a 

refrigerator maintained between 0 - 4°C. Dialysis solutions were routinely 
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changed approximately every lZ hours. Upon sampling, the lipoprotein 

fractions were carefully removed from the dialysis tubing, the tubing was 

washed with a small amount of ion-free water, and this wash was pooled 

together with the lipoprotein solution for further extraction procedures~ 

The schedule for sampling of the Sf 20-l0
5 

lipoprotein fraction was 

as follows: 0, 25.5, 29.25, 44~0, and 138.75 hours after beginning of dialysis. 

Both Sf 0-20 and -Sl.ZO 0-16 fractions were sampled at: 0, 11.0, 39.25, 

56.5, and 128.75 hours after dialysis. Notation was mad.·e of the physical 

appearance of the lipoprotein fractions throughout the course of the dialysis. 

Lipid Procedures. Lipids from control and dialysed lipoprotein fractions 

were extracted by proc~dures based on the method of Sperry. 
6 

Lipid extracts 

were methylated by transesterification with methanol according to the method 

of Stoffel. 
7 

Cholesterol present in the lipid extract was not removed from 

the fatty acid methyl esters prior to their injection into the chromatographic 

column. 

Gas Chromatographic Procedures. Gas chromatographic analyses were 

performed on a 52-inch column {6 mm. inner diameter) unit reported by 

Upham. 
8 

Analyseey were made at l95°C utilizing a strontium- 90 ionization 

detection system. 9 Packing material consisted of Chromosorb (48~"65 mesh) 

coated (30% wt/wt) with succinic acid-diethylene glycol polyester {LAC- 2R-7 28 .} ]. 

. Argon was used as the. carrier .gas .. Peak heights and elution time v.alues 

were tabulated for every fatty acid ester. peak on the c~romatograms. This 

. information was put .on punched cards and the calculation of fatty acid 

. 10 
composition was performed by computer. The kn()wn major fatty acids 

are rep~rted according to the nomenclature proposed by Dole. ll Minor 

components have been grouped into four separate .classes. The classification 

1
Cambridge Industries Company Inc., 101 Potter Street, Cambridge 42, Mass. 
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of these components is based, on their elution times relative to known methyl 

esters under the above conditions. Thus, these four classes have been 

designated: class A, methyl esters eluting before 16:0 (methyl palmitate); 

. class B, methyl esters eluting between 16:0 and 18:0 (methyl stearate); 

class C, methyl esters eluting between 18:2 (methyllinoleate) and 20:4 

(methyl arachidonate); and class D, methyl esters eluting .after 20:4. In 

this report the identified components are: 16:0 (methyl palmitate), 16:1 

(methyl palmitoleate), 18:0 (methyl stearate), 18:1 (methyl oleate and methyl 

elaidate), 18:2 (methyllinoleate), and 20:4 (methyl arachidonate). A reference 

.chromatogram indicating the above classification system is .presented in Fig. l, 

RESULTS AND DISCUSSION 

Physical Changes in Lipoproteins during Dialysis. After 25.5 hours of 

dialysis against ion~free water lipoproteins of the sf 20~ 10
5 

fraction showed 

only a very slight turbidity. There was no further detectable aggregation or 

color change during the dialysis. Upon dialysis against cupric ion there was 

a slight increase in turbidity and loss of color (yellow to white) after 25.5 

hours. At approximately 29.25 hours a gross turbidity with marked aggregation 

was observed. The turbidity and loss of color persisted to termination of 

sampling. 

Dialysis of the Sf 0-20 lipoprotein fraction resulted in slight turbidity J 

-, 

and color change at 56.5 hr, followed by marked aggregation at approximately 

69.5 hr. Upon dialysis against cupric ion, gross turbidity and loss of color 

were observed at approximately 11 hr. Considerable aggregation and color 

loss were observed throughout the remainder of the experiment • 

. During dialysis against ion-free water, the -Sl. 20 0-16 lipoprotein 

solution remained clear and showed little color change throughout the sampling 

period. Upon dialysis against cu,pric ion slight turbidity and color loss were 
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observed W:thin:tU .hr. Marked turbidity was noted around 39.25 hr. Turbidity 

and color changes persisted to the end of the experiment. 

The above observations show a definite similarity between Sf 20-10
5 

and . -Sl. 
20 

0-16 lipoproteins in their responses to cupric ion and ion.- free 

water dialysis. On the other hand, the physical changes in ·Sf 0-20 lipo-

protein solutions occurred sooner during cupric ion dialysis than was ob-

served with the other lipoprotein fractions. Moreover, dialysis of S£ 0-20 

lipoproteins against ion-free water led to gross physical changes absent in 

the other .fractions under the same conditions. These observations suggest 

that the Sf 0-20 lipoproteins are more sensitive. to dialysis procedures. 

Analytic Ultracentrifugal Results. Appropriate analytic :ultracentrifugal 

analyses were performed on the StO-Jd5
, Sf 0-20, and -SL 20 0-16 lipoprotein 

'-' 

fractions at 47.5, 40.25, and 40.25 hr respectively, after cupric ion dialysis. 

At the above times all of these fractions were markedly turbid. In all three 

cases the ultracentrifugal patterns showed no detectable flotation of intact 

lipoproteins. The aggregated material was rapidly packed at the meniscus 

during the acceleration of the ultracentrifuge to full speed (52, 640 rpm). 

It is thus apparent that the cupric ion dialysis leads to gross lipoprotein 

aggregation which is not reversed by suspension in aqueous solutions of 

sodium bromide. In this experiment no sedimenting material was noted 

in the lipoprotein solutions under analytic ultTacentri~ugati'on. 



-8- UCRL-9499 

Gas Chromatographic ;Ana!lyse:s. The results of the gas chromatographic 

analyses., are presented in. Tables J;: . .;.1II,.Fatty acid methyl esters are tabulated 

for lipoprotein fractions exposed to the following conditions:. (1} no dialysis, 

(2} dialysis against ion-iree water, and .(3) dialysis against 1.5Xl0-S moles/1. 

cupric ion solution. The content bf the various fatty acid methyl esters is 

expressed as weight per cent of the total methyl esters injected onto the 

c.olumn. 

Significant changes .occur in the fatty acid composition of each lipo-

protein fraction after dialysis against cupric ion, . Dialysis against ion-free 

water is associated with some alterations in composition but considerably 

less_ than are observed with cupric ion. In particular, during dialysis against 

cupric ion, significant decreases in the polyunsaturated fatty acids,. linoleate 

and arachidonate, are observed. The content of oleic acid is reduced in .all 

fractions and shows a pronounced drop in the sf 0-20 lipoprotein fraction. 

In these gas chromatograms no new major peaks appear which might indicate 

the elution of chemical products arising from the alteration of the polyun-

saturated fatty acids. On the contrary, there is. evidence that the products 

of polyunsaturated fatty acids. alteration are irreversibly retained on the 

succinic acid-diethylene glycol polyester coating .. This evidence is presented 

at the bottom of Tables I - IIIP where for the same weight of methylated lipid J 

injected onto the column there is a significant r·eduction, especially_ after 

cupric ion <;lialysis, in the total fatty acid methyl esters detected with the 

chromatographic analysis. Such differences are also observedfor the 

lipop~trotein fractions dialysed against ion-free water. but to a much lesser 

extent than in the cupric ion dialysis. 

, 
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At the present time our knowledge of the chemical structure and 

properties ofthe reaction products is only indirect. They are apparently 

retained on the relatively polar succinic acid-diethylene glycol polyester 

resin in a manner similar to other relatively polar organic compounds 

which we have studied. Thus, on this resin, certain lipid and steroid 

compounds containing hydroxyl or ketone groups (e. g. , dihydroxy stearic 

acid and cholesten -3-one) have exhibited either exceedingly long retention 

times or were not eluted at ~11. 2 
This similarity in elution behavior leads 

us to suspect that polar oxygen-containing compounds may be formed during 

cupric ion dialysis. Published studies on copper catalysed oxidation of 

linoleic acid indicate the formation of hydroperoxides resulting from the 

action of copper on peroxides present in the·, acid. 
12 

If hydroperoxides are 

being formed during lipoprotein dialysis against cupric ion, then, from the 

above, it would be reasonable to expect that such compounds would be re­

tained either irreversibly or appreciably longer than known unaltered fatty 

acids. It is, however, entirely possible that the new compounds may not be 

hydroperoxides but are some other altered forms of polyunsaturated fatty 

acids which can be retained on the succinic acid polyester resin. 

In gas chromatographic analyses of methylated .extracts of serum 

lipids we have noted peaks associated with cholesterol which elute at approxi- . 

mately six stearate times. 
13 

During the course of cupric ion dialysis these 

peaks fall significantly indicating a removal of some cholesterol by the 

chromatographic system. Again, it is reasonable to suspect that polar 

products of cholesterol are being formed which are irreversibly retained 

on the succinic acid polyester column. 



The marked aggregation of the lipoprotein fra-ctions upon cupric ion 

dialysis implie-s an alteration in the surface properties of the lipoprotein 

macromolecules associated with.chemical changes in polyunsaturated fatty 

. acids and cholesterol. A similar phenomenon, under oxidative conditions, 

has been observed .during the fixation of lipoprotein molecules by_ acid solutions 

of osmium tetroxide for electron microscopy. 
14 

In t_his case the lipoprotein 

aggregates are redispersed by adjusting the pH of the solution to approxi-

mately 8. The ability to redisperse these ag:gregates and the general agree-

ment between the resulting electron micrograph data. on lipoprotein size and 

shape, and ultracentrifugal or light scattering measurements for the same 

variables suggest that oxidative changes primarily alter the surface properties 

of lipoproteins without significantly disrupting their macromolecular structure. 

This may also be the case with lipoprotein molecules after dialysis against 

cupric ion. The influence of pH and ionic strength on the lipoprotein 

aggregates from cupric ion dialysis will be reported in a future communication . 

. Recent investigations in animals on the pharmacologic action of fatty 

acid oxidation products indicate considerable alterations in metabolism and 

h . 1 . f d . . . f h d 15 
p ys1o og1c status a ter a m1n1strat1on o t · ese pro ucts. The incorporation 

of these products into lipoprotein structures may so alter the surface properties, 

as was noted above, that the usual metabolic reactions involving lipoprotein 

macromolecules may be significantly affected. Thus, it may be of considerable 

importance to ascertain whether in states on high plasma copper or in in-

stances of continual ingestion of oxidized lipids there appear discernible 

alterations in lipoprotein stability and metabolism. 
16 

2
unpublished experiments. 

' 
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Table I. The percentage fatty acid composition of. Sf 20-10
5 

lipoprotein fraction as a function of conditions 

and duration of dialysis 

Lipoprotein Fatty Acid Composition 

Fatty. Acids 
* Afte! no dialysis Mter dialysis against 

ion-free water 
After dialysis (iainst · 
l.SXl0-5 moles 1. Cu++ 

0 hr. 138.75 hr. is. 5 hr. 138.75 hr. 25.5hr. 29.25 hr. 44.0 hr. 138.75 hr. 

Class A 4.0 3.5 3.8 3.0 3.6 2.8 3.1 4.4 

16:0 25.7 26.6 .25.6 24.1 24.4 23.0 24.4 24.5 

16:1 6.8 7.1 7.1 6.2 6.5 6.0 5.9 5.8 

Class B 0.5 0.5 0.5 0.6 0.6 0.5 0.5 1.1 

18;0 6.4 6.3 6.1 6.2 6.0 5.7 5.9 6.0 

18:1 30.6 31.4 29.9 29.2 29.3 27.5 27.7 25.2 

18:2 18.3 18.8 18.8 16.2 15.3 14.1 9.6 3.0 

Class C 4.7 3.5 3.6 3.3 3.3 2.5 2.4 2.4 

20-:4 2.9 2.8 2.8 2.2 1.3 1.0 0.6 0.4 

Class D 

Altered fatty 0 0 2.2 9.3 9.5 17.2 20.0 27.5 
acids ir-
reversibly re-
tained on 
columnt 

>:<Nondialysed control samples were stored at 0-4°C prior to extraction. 

t Values for the percentage of altered fatty acids present were estimated from a comparison of the in­

jected weight of methylated lipid sample with the amount detected on its gas chromatogram. It was 

assumed that in the control samples effectively all of the injected methyl esters were eluted. 
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Table 11. The percentage fatty acid composition of Sf 0~20 lipoprotein fraction as a function of conditions 

and duration of dialysis 

Fatty Acids 

After no dialysis 

Ollr. 

Class A 1.4 

16:0 18~6 

16:1 3.2 

Class B 1.1 

. 18:0 6.1 

18:1 21.5 

18:2 36.9 

Class C 3.0 

-20:4 6.2 

Class D 2.2 

Altered fatty 0 
acids ir-
reversibly re-
tained on 
column * 

>;< 

Lipoprotein Fatty Acid Composition 

After dialysis against 
ion-free water 
11 hr. 128.75 hr. 

lo2 1.5 

15.7 17.3 

2.8 3.1 

0.9 1.1 

5.0 5.4 

19.9 19o'6 

30.8 29.8 

2.4 2~5 

4.7 3.2 

1.4 1.2 

15.3 15.3 

_ .Aft_er~ diaJY:sis~against 
.:.::. '-~ _ -1~5Xlo-? ffihi,es/L cu++ 
11 hr.~·;~ 56.5~hr: ,_;:;- 128.75 hr. 

1.3 

16.1 

2.8 

1.0 

5.1 

19.4 

17.9 

1.7 

1.3 

0.8 .. 

32.8 

4.0 

21.5 

3.7 

2.9 

6.8 

18.5 

2.1 

2:3 

1.7 

36.5 

3.1 

17.1 

1.9 

2.7 

5.6 

7.0 

' ·''' 0.5 

2.6 

1.2 

58.3 

Values for the percentage of altered fatty acids present were estimated from a comparison of the in-

jected weight of methylated lipid sample with the amount detected on its gas chromatogram. It was 

assumed that in the control samples effectively all of the injected methyl esters were eluted. 
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. Table III. The percentage fatty add composition of -Sl. 200~ 16 lipoprotein fraction as a function of con~ 

ditions and duration of dialysis 

Lipoprotein Fatty Acid Composition 

Fatty Acids 
Mter no dialysis Mter dialysis against 

I Ion~free water . '~ ....,· ,. __ 

0 hr 11 hr. 128.7 5 hr. ll hr. - --
- --

Class A 1.7 1.7 1.5 1.4 

16:0 20.6 19.8 16.9 17.6 

. 16:1 2.8 2.7 2.4 2.6 

Class B 1.2 0.8 1.0 1.1 

. 18:0 8.3 7.8 6.9 7.8 

18:1 17.8 18.3 14.8 15.8 

18:2 33.9 . 33.6 -.- 25.5 26.0 

Class C 4.4 3.4 2.5 2.1 

. 20:4 9.4 9.3 5.3 5.2 

Class· D 2.0 1.5 0.7 

c¥te:r_ dialy~is a~ainst 
ll·.:L'5XH>·-5'rnoles/ l. cu++ 

39.25 hr. 56.5 hr. 128.7 5 hr. 

2.4 1.8 1.5 

21.1 17.8 18.9 

2.7 2.5 2.0 

2.3 2.2 1.7 

7.9 6.9 7.8 

13.8 11.0 11.4 

1.7 1.0 0.7 

1.3 1.5 1.7 

1.1 1.0 1.1 

Altered fatty 0 0.8 21.7 20.0 45.6 54.2 53.3 
acids ir~ 
reversibly re~ 
tained O,f 
c.olumn 

>:< 
Values for the percentage of altered fatty acids present were estimated from a comparison of the in~ 

jected weight of methylated lipid sample with the amount detected on its gas chromatogram. It was assumed 

. that in the controLsamples effectively all of the injected methyl esters were eluted. 
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REFERENCE CHROMATOGRAM OF 
FATTY ACID METHYL ESTERS 

LIQUID PHASE- POLYDIETHYLENE 
GLYCOL SUCCINATE 

TEMPERATURE- 195°C 
PACKING SIZE- 48-65 MESH 
CARRIER GAS- ARGON 

(33.3 X) 

5 

------------ _________ t ______ ------
4 20:4 3 

(10 X) 

2 

FULL-SCALE 
DEFLECTION= 
1.04 x Jo-7 AMPS 
(I X) 

-t ----r \---rf-~~--
18:2 18:1 ! 18:0 16:1 16:0 0 

•----- - D C--------..! ~B~ 1--A----+J 

(33.3 X) 

2 x 10-11 amps 

0 ~------------------------------~ 
12 II 10 9 8 

Fig. l. Reference chromatogram of fatty acid methyl 
esters showing elution properties of known major 
components. R~latively minor components are 
grouped into four classes A, B, C, and D as in­
dicated on the elution time scale. The elution 
time scale is marked off in units of methyl 
stearate elution times. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




