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INTRODUCTION

During the past few years considerable information has been accumu-
lated regarding variations in the blood lipids under normal and patholog-
ical conditions. It has been shown that the lipids are associated in some
manner with the plasma proteins, since the former are in part precipitated
with them under certain conditions, and are only separated with difficulty
by means of ordinary fat solvents. The exact nature of the relationship
between the proteins and the lipids is unknown.

Previous workers on the subject of the lipid combinations with plasma
or serum proteins have studied the problem from various angles. Bang
(1) and Handovsky, Lohmann and Bosse (2) found considerable quanti-
ties of cholesterol associated with the plasma globulins. Gardner and
Gainsborough (3) studied the relative amounts of cholesterol associated
with the globulin and albumin fractions and found the former fraction
included a larger quantity. Theorell (4) was able to remove 77 per cent
of the total cholesterol from horse plasma by complete precipitation of the
protein with ammonium sulfate, and when he added cholesterol to serum,
he could recover a portion of it from the fibrinogen and globulin fractions
after fractionation with ammonium sulfate. Young (5) stated that there
was a weak combination between the cholesterol esters and the serum
albumin. Hardy (6), Haslam (7), and Chick (8) found that very small
amounts of ether-soluble constituents were associated with the serum
proteins. Neuschlosz (9) found that variations in the amount of choles-
terol carried down with the proteins depended upon the method of pre-
cipitation. He showed that, although he obtained a more complete
precipitation of the protein when high concentrations of alcohol were used,
the protein fraction contained less liquid material, due to the extraction
of the lipids by the alcohol. Precipitation by ammonium sulfate resulted
in a higher lipid concentration. Frankenthal (10) removed larger
amounts of lipids with the globulin fraction than with the albumin by
precipitation with ammonium sulfate. By electrodialysis, she was able
to precipitate the entire cholesterol content of the serum with the globu-
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lins. Troensegaard and Koudahl (11) were unable to bring down the
cholesterol and phosphatides with the globulins if they were precipitated
before the albumins.

Hardy and Mrs. Gardner (12), Chick (13), and Haslam (7) found
phospholipid material associated with the globulin fraction of the plasma.
Macheboeuf (14) precipitated a protein fraction from horse serum and
plasma with ammonium sulfate which upon reprecipitation was constant
in composition. It contained 22.7 per cent phosphamino lipids, 17.9
per cent cholesterol esters, and 59.1 per cent proteins. This is the largest
amount of total lipid associated with protein precipitates reported.
Macheboeuf, Wahl, and Sandor (15) also reported analyses on normal
human plasma in which they found that the free cholesterol exceeded
the cholesterol esters associated with the albumins, and that the reverse
was true in the case of the globulins.

Lustig and Katz (16) studied both the phospholipid and cholesterol con-
tent of beef plasma proteins. They found less cholesterol and phospholi-
pids in the euglobulin fraction than in the pseudoglobulin and albumin
fractions. Went and Goreczky (17) showed that when serum proteins
underwent an ultrafiltration process the cholesterol and phospholipid
in the filtrate varied directly with the amount of protein present. A
lecitho-protein present in tissue fibrinogen was described by Mills (18).
This combination, however, presents a problem of different character
from that found in the case of globulins and albumins.

The possibility of interpreting abnormal lipid-protein values under
pathological or experimental conditions, and also of obtaining information
upon the type of association present led the authors to a detailed study
of the problem. Since abnormal conditions were to be studied on both
animal and human blood, it was thought desirable to make a preliminary
study of the normal relationships between species. For this purpose
three types of blood, namely, human, dog, and horse, were employed,
and a study of the lipids associated with the albumin and globulin frac-
tions was made.

METHODS

Precipitation of the proteins. A portion of plasma or serum (at least 10 cc.)
was diluted with three volumes of water and brought to one-fourth saturation
with ammonium sulfate solution at room temperature. If a precipitate of
fibrinogen formed, it was removed and discarded. The globulins were then
precipitated by half saturation and removed from the solution by centrifuga-
tion. Filtering in the usual manner was avoided in order to prevent loss of
lipid material on the filter paper. The precipitated protein was washed with
half-saturated ammonium sulfate solution and the washings were added to the
solution containing the albumins. The globulins were dissolved in water.
Both fractions were coagulated by heat and the pH was adjusted to the point
of maximurm precipitation by the addition of 10 per cent acetic acid. After
standing until the precipitates settled, the supernatant liquids were removed
by siphoning. Several washings were made with distilled water in order to
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remove the salt from the proteins. No attempt was made to remove the last
traces of ammonium sulfate as it did not interfere with the extraction of the
lipids.

Extraction of the lipids. The lipids were removed from the moist proteins
by extracting with hot 95 per cent alcohol three times, hot absolute alcohol
once, and ether three times, all in the same tube. After centrifugation, the
solvents were decanted while still warm. The amounts of solvents were in
such proportion as to give when mixed a solution containing approximately 35
per cent ether and 65 per cent alcohol. After cooling, the extracts were diluted
to a definite volume. The albumin fraction required less intensive extraction
for removal of the lipid material than did the globulin fraction. This method
of extraction was adapted from Cavett (19) who found that the proteins ex-
tracted by this method were completely freed from lipids. He also demon-
strated the importance of removing the lipids from the proteins while they
were yet moist.

A second portion of plasma or serum, usually consisting of 5 cc., was ex-
tracted with 100 cc. of hot alcohol-ether solution by the regular Bloor procedure
(20). The statement of Bloor that these proteins were free from lipids was
also verified by Cavett (19).

The extracted proteins were dried and weighed. When the amount of
plasma permitted, the relative amounts of the proteins were also determined
colorimetrically by a modification of the Wumethod (21).

It was first planned to fractionate and study the euglobulins since some
previous workers included this protein in their studies. However, they worked
with large amounts of plasma and in human cases this was not practicable.
In two cases, however, the euglobulin, pseudoglobulin and albumin were frac-
tionally precipitated from diluted plasma by means of ammonium sulfate. It
was obvious that the amount of pseudoglobulin in normal plasma was so small
that a volume of blood approximating 50 cc. would have been necessary in
order to obtain a sufficient quantity for reliable analysis of the extracted lipids.
About one-third of the globulins is composed of pseudoglobulin or less than one
gram per 100 cc. of plasma. For this reason, it was decided to deal only with
total globulins and albumins. Information obtained subsequently on patho-
logical material (22) strengthened this decision as the euglobulin fraction be-
came very small with a corresponding increase in the pseudoglobulin fraction.

Determinations of lipids. Bloor's oxidative method (23) was used for the
determination of fatty acids. This method consists essentially of saponifica-
tion of the alcohol-ether solution, extraction of the acidified residue with petro-
leum ether, and oxidation of the ether residue with sulfuric acid-dichromate
reagent. Correction was made for the cholesterol content.

The phospholipids were determined as lecithin phosphorus according to the
method of Bloor (24) and Benedict and Theis (25). According to this proce-
dure the extracted lipids are oxidized by a mixture of nitric and siulfuric acids,
and the phosphoric acid reduced by hydroquinone-sulfite and sodium molyb-
date to a blue compound which is estimated colorimetrically.

The free and total cholesterol were analyzed by Turner's (26) modification
of the Okey method (27) for the determination of cholesterol by oxidation of
the digitonide. Iodine numbers were determined by Gibson's micro method
(28).

RESULTS

The alcohol-ether extract of the protein fractions and also of the total
plasma were examined for their content of fatty acids, lecithin, and free
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and total cholesterol. Iodine numbers of the total lipids were deter-
mined. Results are expressed as percentage of lipid per hundred cc. of
plasma and also as mgm. of lipid per gram of protein since the amounts of
globulin and albumin per unit volume are not the same. Typical deter-
minations on human and dog plasma and horse serum are shown in Tables
I, II, and III, respectively. The range of results between samples is
shown in Tables IV and V, in which the maximum and minimum lipid
values obtained from four samples of;plasma are given. Vertical results
do not necessarily refer to the same sample. The relative amounts of
lipids in the globulin and albumin fractions, expressed as ratios, are given
in column 4 in each table.

The data on human blood came from four normal healthy individuals,
who were bled usually at 11 a.m. The precipitated plasma proteins
contained about 50 per cent of the total lipids present in the plasma, al-
though there was great variation when the individual lipids were con-
sidered (Table I). Approximately 45 per cent of the total fatty acids,
28 per cent of the phospholipids and 75 per cent of the total cholesterol
were found in the protein fractions. A larger percentage of free choles-
terol than of cholesterol esters was removed with the proteins; however,
since the free cholesterol constituted less than half of the total, the ab-
solute amount of cholesterol esters found with the proteins was larger.

Per unit weight, the globulin fraction contained more lipid material
than the albumin fraction. Average figures for the total lipids showed
that the globulins contained about one-third more lipid material than the
albumins per gram of protein. The ratio of globulin lipid to albumin
lipid was greatest for phospholipid and least for cholesterol. However,
when the lipids were calculated as mgm. per 100 cc. of plasma, the albu-
min fraction contained a higher percentage than the globulin fraction
since there was more albumin than globulin. Per volume of plasma there
was approximately twice as much total cholesterol associated with the
albumin fraction as with the globulin fraction. However, the globulins
constituted about one-third of the total proteins present, so that there
was little difference in the distribution of cholesterol per gram of protein
between the two fractions. About 45 per cent of the fatty acids and also
of the phospholipids were found with the globulins. The globulin frac-
tion both by weight and volume included a larger percentage of the
ester than of the free cholesterol. There was a greater variation between
samples in the cholesterol content of the proteins per unit of volume than
in the fatty acid or phospholipid content (Table IV).

The iodine numbers of the total lipids brought down with the globulin
and albumin fractions were lower than those of the total plasma lipids.
A slightly lower iodine number was always found on the lipids from the
albumin fraction than from the globulin lipids. These facts suggest that
some oxidation of the lipids might have taken place during the prepara-
tion of the protein fractions.
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Four samples of fasting dog plasma were obtained from three animals
weighing between 10 and 13 kilograms, all on the same diet. The lipid
content was lower than that of human plasma. Because of the small
amount of cholesterol present, it was difficult to obtain both free and total
cholesterol, but in one case enough blood was drawn for the complete
analysis (Table II). The plasma proteins carried down about half the
lipid material, a finding corresponding to the results obtained on human
plasma. The percentages of individual lipids included with the protein
fractions were also similar. However, the globulin fraction per gram of
protein as well as per unit of volume contained more lipid material than
was found in the human plasma. The increase per unit volume was
about 10 per cent for each lipid. The ratio between the amounts of
phospholipid per gram of globulin and of albumin was above two. Fatty
acids showed a corresponding increase and cholesterol increased to a
lesser degree. The relationships between free and total cholesterol and
the protein fractions were not essentially altered. The variations be-
tween samples (Table V) were greater in the cholesterol content of the
proteins than in the fatty acid or phospholipid contents, as was true in the
human plasma. The iodine numbers also maintained the same relations
to the total plasma as in human blood.

The horse serum I contained larger amounts of globulins than of
albumins in the two samples studied. The analysis obtained on one
sample is given in Table III. The variations between the two samples
were slight. Since the cholesterol content of horse serum is low, suffi-
ciently large quantities were used to determine both free and total chol-
esterol. The amounts of fatty acids and of phospholipid were greater
than those of dog plasma. Approximately the same percentage of lipid
material was found with the total protein fractions as well as the same
proportions of the individual lipids, as in the human and dog samples.
The greater percentage of free cholesterol was also found with the
proteins as in the previous determinations. However, since the free
cholesterol constituted nearly 50 per cent of the total cholesterol, the
total proteins contained nearly equivalent amounts of the two forms of
the sterol. This is not a significant variation since the normal propor-
tion of free to total cholesterol is not a constant figure. In the globulin
fraction the amount of lipid material per unit volume was increased by
an average of 30 per cent over that found in the other two types of blood.
However, there was no marked increase in the globulin-albumin lipid
ratio per gram of protein as compared to the results obtained from human
plasma, because of the greater globulin content. Per unit weight, the
globulins contained about one-third more lipids than the albumins. The
globulin-albumin phospholipid ratio exceeded the fatty acid or cholesterol

1 Weare indebted to Parke Davis and Company for a generous supply of
normal horse serum.
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ratios. Slightly less cholesterol ester than free cholesterol was found on
the globulin fraction, a difference which, however, is not a significant
variation from the condition present in the human or dog plasma. The
iodine numbers were lower for the protein lipids than for those of the
whole plasma, and also lower for the globulin lipids than for the albumin
lipids.

SUMMARYAND CONCLUSIONS

1. The albumins and globulins have been fractionated by means of
salt precipitation from human and dog plasma and horse serum. Fatty
acids, phospholipids, and cholesterol have been determined in these pro-
tein fractions.

2. In general, the total proteins carried down about one-half of the
lipid content of the plasma or serum. The globulins showed a definite
tendency to contain more lipids than did the albumins. They also con-
tained varying amounts of the individual lipids, the phospholipids being
present in a greater percentage than either fatty acids or cholesterol.

3. In horse serum, in which the amount of globulins was larger than
of albumins there was no marked change in the amount of lipid per gram
of protein, although such was the case per volume of serum.

4. The globulins of the dog plasma contained significantly more of all
three lipids than did those of horse serum or human plasma, the increase
being the greatest in the case of the phospholipids.
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