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ABSTRACT Dogs were given infusions of norepinephrine
and subsequent additional infusions of propranclol and nico-
tinic acid over a 4-hr period. Under different physiological
conditions, a-lipoproteins of three different electrophoretic
mobilities were identified by means of paper electrophoresis;
they were designated a-lipoproteins X, Y, and Z. During
norepinephrine infusion, e-lipoprotein Y fell from 45% (of all
lipoproteins) to 149%,. There was a reciprocal rise in a-lipo-
protein Z. On the other hand, a-lipoprotein X was not signif-
icantly changed. There was evidence that a-lipoprotein Y was
progressively transformed into e-lipoprotein Z by increasing
plasma FFA concentrations. The percentages of both a-lipo-
proteins Y and Z returned to original values after the dogs
were given either nicotinic acid or propranolol. The alterations
in the a-lipoprotein peaks Y and Z were rapid, being noted
within 5 min of change in plasma FFA concentration. However,
there appeared to be a threshold of plasma FFA concentration
of 1200 uEq/liter, below which no changes in a-lipoproteins
were noted. It was concluded that a-lipoprotein Y is rapidly,
progressively, but reversibly transformed into a-lipoprotein Z
by binding to plasma FFA above a threshold level of 1200
uEq/liter. However, a-lipoprotein X does not appear to be
involved in the binding of plasma FFA.

SUPPLEMENTARY KEY WORDS propranolol - nicotinic
acid - norepinephrine - catecholamines - g-lipoproteins - ath-
erosclerosis - lipoproteins - thrombogenesis

THE PURPOSE of this report is to describe three forms
of a-lipoproteins which were found on paper electro-
phoresis of dog plasma and the changes which occurred
in relative amounts among the various types under
different physiological conditions. Although it is known
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that o-lipoproteins may exist in several forms (1), the
factors which influence the various forms have not been
described. It is known that the concentration of plasma
FFA can affect the migration rate of plasma proteins
and lipoproteins, but these changes have not been studied
under physiological conditions (2-4). In this study, we
have shown that two of three forms of a-lipoproteins
described herein are affected by the concentration of
plasma FFA.

MATERIALS AND METHODS

Mongrel dogs were anesthetized with pentobarbital,
30 mg/kg, with a single intravenous dose and connected
to a Harvard pump respirator, arterial catheter, blood
pressure recording equipment, and an intravenous
catheter. Continuous blood pressure and ECG record-
ings were made. Blood samples were taken at frequent
intervals from the arterial catheter as indicated in Tables
1 and 2. The first 5 ml of blood drawn from the arterial
catheter was discarded. If needed to maintain anesthesia,
additional doses of pentobarbital (30 or 60 mg) were
given immediately after a blood sample was taken.
Care was taken not to give pentobarbital immediately
before samples were drawn because it was found that
a fall in blood pressure due to pentobarbital was asso-
ciated with a brief elevation of plasma FFA concentra-
tion. When several agents were infused, they were com-
bined in the same bottle and concentrations of each agent
were adjusted to give the desired rate of infusion. All
infusions were given in normal saline at 30 ml/hr.
There was a 15-min base-line period for each dog;
during this time two blood samples were drawn. Nor-
epinephrine infusion was then started and continued in

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

TABLE 1 Treatments ofF Dogcs

Group 1 Norepinephrine throughout (4 dogs)

Group 2 Saline throughout (6 dogs)

Group 3 Norepinephrine throughout, propranolol at 60 min +
nicotinic acid at 120 min (3 dogs)

Group 4 Norepinephrine throughout, nicotinic acid at 60 min +
propranolol at 150 min (3 dogs)

Group 5 Norepinephrine throughout, nicotinic acid at 60 min
(3 dogs)

Group 6 Norepinephrine throughout, propranolol at 60 min
(3 dogs)

Norepinephrine was given as an infusion of 1.0 ug/kg/min for
4 hr. Propranolol was given as one dose 0.07 mg/kg + infusion
0.0017 mg/kg/min. Nicotinic acid was given as one dose 1.0
mg/kg + infusion 0.0555 mg /kg /min.

all dogs (except the saline control animals) for 4 hr.
As indicated in Tables 1 and 2, at 1 hr and sometimes
at 2.5 hr a single dose of propranolol or nicotinic acid
was given. These agents were then infused intravenously.
Each dog was used only once.

The reason for the choice of propranolol and nicotinic
acid was to employ two different means of inhibition of
plasma FFA mobilization in order to show that only
plasma FFA concentrations were primarily responsible
for changes in a-lipoproteins. These dissimilar agents
share few other common effects. Another reason for the
choice of these particular agents was the finding, pre-
viously reported, of a synergistic action of these two

TABLE 2 EFfrecT oF NOREPINEPHRINE, PROPRANOLOL, aND NicoTINIC Acip oN VARIOUS LiPOPROTEINS
aND Prasma FFA v THE Dog*

Time (min) -15 0 30 60 65 75 120 150 155 165 210 240
% of total lipoproteins

Group 1 Norepi Norepi Norepi
Origin 5 7 5 5 8 6 6 7 5 6
B-lipoprotein 19 15 13 12 14 14 1 15 14 14
a-lipoprotein X 16 18 14 1n 1 13 10 13 15 14
a-lipoprotein Y 47 42 19 19 22 23 27 24 30 31
a-lipoprotein Z 16 16 45 50 45 47 46 41 35 35
Plasma FFA (uEq/liter) 529 692 1717 1753 1684 1662 1586 1516 1518 1540
Group 2 Saline Saline Saline
Origin 13 8 8 6 7 7 7 7
B-lipoprotein 14 12 14 14 14 13 14 14
a-lipoprotein X 15 15 16 18 18 17 19 18
a-lipoprotein Y 48 48 49 50 51 51 53 54
a-lipoprotein Z 13 13 12 13 13 13 13 12
Plasma FFA (uEq/liter) 464 441 603 688 666 681 605 563 484 511
Group 3 Norepi — Norepi and Prop————————» Norepi, Prop, and Nic —»
Origin 12 10 10 8 7 7 4 3 4 7 6 7
B-lipoprotein 12 13 11 11 9 11 9 9 7 9 1 10
a-lipoprotein X 15 17 12 12 16 20 14 11 14 17 15 18
a-lipoprotein Y 47 46 37 32 39 46 56 59 58 56 56 56
a-lipoprotein Z 14 14 31 37 28 18 15 17 14 11 13 14
Plasma FFA (uEq/liter) 727 671 1797 2286 2076 1149 1152 1151 946 546 398 577
Group 4 Norepi: —~>» Norepi and Nic————————  Norepi, Nic, and Prop —
Origin 6 6 3 5 2 2 5 4 6 7 5 4
B-lipoprotein 1 11 9 9 6 9 11 e 11 10 10 10
a-lipoprotein X 18 19 9 9 17 18 16 17 18 19 18 21
o-lipoprotein Y 52 54 36 35 49 56 53 53 50 55 56 54
a-lipoprotein Z 14 14 38 38 26 16 15 16 15 9 1 11
Plasma FFA (uEq/liter) 316 297 1899 1718 1225 1009 943 1229 864 650 492 542
Group 5 Norept: — Norepi and Prop
Origin 8 7 5 6 5 6 7 8 6 6 7
B-lipoprotein 12 12 12 12 1 10 1 13 1 10 1
a-lipoprotein X 10 12 9 9 11 10 11 12 13 11 14
a-lipoprotein Y 57 53 35 29 52 56 54 49 53 55 47
a-lipoprotein Z 12 15 39 44 21 18 17 18 18 21 22
Plasma FFA (uEq/liter) 727 837 2043 2328 1626 1608 1330 1394 1186 1082 1123
Group 6 Norepi — Norepi and Nic —»
Origin 7 7 6 6 4 6 5 5 4 6 6
B-lipoprotein 16 17 16 14 16 15 15 15 17 14 14
a-lipoprotein X 16 13 13 10 13 13 14 18 14 13 16
a-lipoprotein Y . 50 54 27 29 49 50 51 45 51 50 46
a-lipoprotein Z 12 10 37 41 18 15 15 15 13 16 17
Plasma FFA (uEq/liter) 760 731 1894 1881 1514 782 832 814 774 859 833

Norepi, norepinephrine ; Prop, propranolol; Nic, nicotinic acid.
* See text for doses of the agents.
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F16. 1. Photograph of representative paper electrophoresis strips from an animal given a norepinephrine
(NOREPI) infusion at 0 hr and an added propranolol (PROP) infusion at 1 hr.

ORIGIN
BETA

agents in low concentrations on the inhibition of plasma
FFA mobilization (5). The mechanism of action of
propranolol is to block the receptor site on the adipose
cell which mediates g-adrenergic activation of lipase
(6). The mechanism of action of nicotinic acid is to
inhibit the activation of adenyl cyclase in the adipose
cell responsible for the activation of lipase (7).

Chemical Procedures

FFA were determined by the method of Dole (8). Serum
cholesterol was determined with the digitonin method
system manufactured by Hycel Co., Houston, Texas
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30 MIN AFTER NOREPI

60 MIN AFTER NOREPI

65 MIN AFTER NOREPI
5 MIN AFTER PROP

75 MIN AFTER NOREPI
15 MIN AFTER PROP

(9). 0.1 ml of serum samples and 0.1 ml of cholesterol
standard (Hycel) were placed in 20 X 150 mm test
tubes. To each test tube 6.0 ml of Hycel Control Re-
agent was added and the contents of the tube were thor-
oughly mixed. Tubes were placed in a water bath of
37°C for 20 min. Absorban-e was read at 625 nm (red
filter). Unknowns were compared to a cholesterol stan-
dard. Serum triglyceride and serum glycerol were
determined using the glycerol kinase method (10-12).
Reagents were obtained from the Boehringer Mannheim
Corp., N.Y. 0.2 ml of serum was mixed with 0.5 ml of
0.5 ~ alcoholic potassium hydroxide (909 absolute
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-15 MIN
FPA 658

0 MIN
FFA 803

30 MIN NOREPINEPHRINE
FFA 1813

60 MIN NOREPINEPHRINE
FFA 1786

120 MIN NOREPINEPHRINE
FFA 1486

180 MIN NOREPINEPHRINE
FFA 1533

240 MIN NOREPINEPHRINE
FFA 1424

Fic. 2. Effect of norepinephrine infusion on lipoprotein electrophoresis over a 4-hr period in one dog.

alcohol, 109, redistilled water), stoppered, and incu-
bated in a water bath for 30 min. The mixture was
allowed to cool to room temperature and then 1.0 ml of
0.015 M magnesium sulfate solution was added. The
solutions were mixed well and centrifuged for 10 min.
0.5 ml of the supernatant (hydrolyzed triglyceride solu-
tion) and 0.2 ml of the serum were then used to determine
the amount of glycerol. The above samples were added
to 2.50 ml of 0.1 M triethanolamine buffer, pH 7.6,
containing 4 mm magnesium sulfate. 0.10 ml of a solution
of the following composition was added: 6 mm NADH,
33 mm ATP, and 11 mm phosphoenolpyruvate. Then
0.02 ml of a solution containing 2 mg of lactic acid
dehydrogenase per ml and 1 mg of pyruvic kinase per ml
was added. The solutions were mixed and allowed to
stand for 10 min at room temperature. Absorbance was
measured at 366 nm. 0.02 ml of a solution containing
2 mg/ml of glycerokinase was added and the absorbance

was remeasured. After 10 min the absorbance was again
measured. The difference in absorbance between the
second and third measurements was taken as the small
nonspecific change in the reaction and was subtracted
from the absorbance change occurring in the first 10-
min period. The total glycerol in the serum (saponified)
was determined by optical difference X 149. The free
glycerol in the serum was determined by optical differ-
ence X 17.5. The total glycerol minus the free glycerol
equaled the triglyceride glycerol, which when mul-
tiplied by 9.62 gave the neutral fat in mg per 100 ml
The use of a control reagent of highly refined triglyceride
(olive oil; Sigma Chemical Co., St. Louis, Mo.) and
aliquots of a serum of known triglyceride concentration
with each group of tests indicated high accuracy and
reproducibility.

For electrophoresis of lipoproteins the method of
Jencks and Durrum (13) as modified by Fredrickson,

Lipson AND Nam1  Changes in a-Lipoproteins Due to Plasma FFA 297
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~15 MIN
PPA 611

0 MIN
FFA 801

NOREPT 30 MIN
FFA 2104

NOREPI 60 MIN
FFA 2227

NOREPI 65 MIN
PROP 5 MIN
FFA 1308

NOREPI 75 MIN
PROP 15 MIN
A 768

NOREPI 120 MIN
PROP 120 MIN
'A 706

® - ~
< g 5 g
& 3 3
Fic. 3. Effect of norepinephrine (NOREPI) infusion and sub-

sequent propranolol (PROP) infusion on lipoprotein electro-
phoresis over a 4-hr period in one dog.

ORIGIN

Levy, and Lees (14) and used by Lees and Hatch (15)
was used. The paper electrophoretograms were analyzed
with a Spinco Analytrol Model RB (Beckman Instru-
ments, Inc., Palo Alto, Calif.) with automatic integra-
tion in a manner similar to that of Noble et al. (16).
In the resulting record five peaks could be identified,
representing the origin, 8-lipoproteins, and three forms
of a-lipoproteins designated X, Y, and Z.

RESULTS

Identification of the Lipoproteins

The paper electrophoretograms of the plasma lipopro-
teins from fasting dogs resembled those of the human,
except for the absence of a pre-8 band and a lighter g8
band, and were similar to those described by others (17).
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As seen in Figs. 1-4, the origin at the cathode showed
little evidence of chylomicrons in these fasting dogs. The
B-lipoprotein (somewhat away from the cathode) was
represented by a single peak. The a-lipoprotein (most
distant from the cathode) was represented by three differ-
ent peaks. The three forms of a-lipoprotein were desig-
nated X, Y, and Z. These letters were chosen in order to
avoid confusion with other labels where numbers and
letters designate a-lipoproteins, a-apoproteins, and sub-
fractions separated by ultracentrifugation and other
techniques (18, 19). The three forms of a-lipoprotein
could always be identified. The a-lipoprotein X usually
appeared as a separate, distinct peak. This is noted
in Figs. 2—4 and 9. Otherwise it was seen as a notch on
the ascending portion of the main peak, termed a-
lipoprotein Y. The o-lipoprotein Y was the dominant
peak in the electrophoretograms of plasma from fasting
dogs. a-Lipoprotein Z appeared to be present in fasting
specimens as a notch on the descending portion of the
main peak a-lipoprotein Y. As seen in Figs. 2-4, at high
levels of plasma FFA, two changes were observed in the
a-lipoprotein Z band. It became larger and it moved
away from the a-lipoprotein Y band. As noted below,
size and migration of this band increased with increasing
plasma levels of FFA. Separation of the two bands was
seen in every instance (18 animals) in which norepi-
nephrine infusion was given.

a-Lipoprotein Y

As seen in Table 2 (groups 1 and 3-6), the percentage of
a-lipoprotein Y (expressed as a percentage of the total
lipoproteins present) changed markedly when the various
agents were infused. The a-lipoprotein Y consisted of the
main ea-lipoprotein peak during the fasting state, as
seen in Figs. 2—4. During norepinephrine infusion and
mobilization of plasma FFA, the percentage of a-lipo-
protein Y fell to low levels in all animals. This change
coincided with a rise in the percentage of a-lipoprotein
Z, as seen in Table 2 and Fig. 6. It was also coincident
with a rise in plasma FFA concentration, as noted in
Table 2 and Fig. 7.

As seen in Fig. 5 and Table 2 (groups 1 and 3-6), the
fall in a-lipoprotein Y during norepinephrine infusion
was rapid. In a number of animals in which frequent
samples were taken, this change was marked within 15
min of the beginning of norepinephrine infusion. On
the average, within 1 hr the percentage of a-lipoprotein
Y fell to about one-third, and occasionally to one-tenth,
of its original value. In animals that received only nor-
epinephrine, a-lipoprotein Y fell and showed only a slight
rise subsequently throughout the experiment.

As noted in Table 2 (groups 3-6) and Fig. 5, when
either propranolol or nicotinic acid was given, the re-
verse process occurred; there was a marked increase in
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-15 MIN
- FFA 657

Q MIN
FFA 667

30 MIN NOREPINEPHRINE
FFA 2004
60 MIN NOREPINEPHRINE
FFA 2578

65 MIK NOREPINEPHRINE
5 MIN PROPRANOLOL
FFA 1697

75 MIN NOREPINEPHRINE
15 MIN PROPRANOLOL
FFA 1030

150 MIN NOREPINEPHRINE
90 MIN PROPRANOLOL
FFA 1060

155 MIN NOREPINEPHRINE
95 MIN PROPRANOLOL

5 MIN NICOTINIC ACID
FFA 551

165 MIN NOREPINEPHRINE
105 MIN PROPRANOLOL

15 MIN NICOTINIC ACID
FFA 586

240 MIN NOREPINEPHRINE
180 MIN PROPRANOLOL

90 MIN NICOTINIC ACID
FFA 235

Fie. 4. Effect of norepinephrine, propranolol, and nicotinic acid infusion over a 4-hr period on lipo-

proteins in one dog.

a-lipoprotein Y (Fig. 5, lines 4, C, D, and E). This in-
crease was coincident with a fall in plasma FFA (Fig. 7),
and it was rapid; it was first noted within 5 min and was
quite marked within 15 min.

a-Lipoprotein 7

As seen in Table 2 (groups 1 and 3-6) and Figs. 6 and 8,
the percentage of a-lipoprotein Z changed inversely with
a-lipoprotein Y. This is also illustrated in Figs. 2-4.
During the first hour of infusion of only norepinephrine,
the percentage of a-lipoprotein Z rose markedly in
association with a rise in plasma FFA concentrations.
When either propranolol or nicotinic acid was added at

Lirson anp Narmz

1 hr, the percentage of a-lipoprotein Z fell rapidly.
The reduction was noted in all animals after 5 min of
either agent. The change was well advanced at 15 min.

Threshold Effect of Plasma FFA at
1200 uEq/ Liter

As noted above, a rise in plasma FFA concentrations was
associated with a rapid decrease in the percentage of a-
lipoprotein Y and an increase in a-lipoprotein Z. Con-
versely, a depression in the concentration of plasma FFA
levels was associated with a rapid reversal of the per-
centages of these a-lipoproteins toward their original
levels. However, there appeared to be a threshold con-

Changes in a-Lipoproteins Due o Plasma FFA 299
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.V’.\“ NIC 1HR, PROP 2 1/2 HR
" P~SALINE THROUGHOUT
A \ NOREPT THROUGHOUT +
D[ PROP 1 HR, NIC 2 1/2 HR
3

~NOREPI THROUGHOUT +
PROP ADDED AT 1 HR

“SNOREPI THROUGHOUT +
NIC ADDED AT 4 HR

o~

p—~NOREPT THROUGHOUT

PERCENTAGE OF ALPHA LIPOPROTEIN Y

30+
201
NOREPINEPHRINE
ONE AGEINT
TWO AGENTS
10-
L ¥
o | 2 3 4

TIME IN HOURS

Fie. 5. Effect of norepinephrine (NOREPI) and the subsequent infusions of propranolol (PROP) and
nicotinic acid (NIC) over a 4-hr period on the percentage of a-lipoprotein Y as measured on paper electro-
phoretograms. Line F represents animals given norepinephrine alone for 4 hr; line C, propranolol added to
norepinephrine at 1 hr and nicotinic acid added at 2.5 hr; line A4, nicotinic acid added at 1 hr and pro-
pranolol added at 2.5 hr; line D, propranolol added at 1 hr; line E, nicotinic acid added at 1 hr; and line B,
saline controls. Each line represents the average of observations in 3—6 animals as described in Materials

and Methods.

centration of 1200 pEq/liter of plasma FFA for this effect.
Below this level there was little change in the a-lipo-
proteins, as seen in Figs. 5 and 6. When propranolol and
nicotinic acid were given at 1 hr into the experiment, the
addition of the other agent at 2.5 hr into the experiment
had little added effect in changing the percentage of a-
lipoproteins Y and Z. This was true despite the fact that
the addition of the second agent, as seen in Fig. 6, caused
a further reduction in the concentration of plasma FFA.
This is also illustrated in Fig. 7, in which FFA concentra-
tions are plotted against the percentage of a-lipoproteins
Y and Z. The percentage of the two a-lipoproteins was
generally proportional to the concentration of plasma
FFA above a level of 1200 uEq/liter, but was little
changed below this level.

a-Lipoprotein X

a-Lipoprotein X was noted as a separate peak in the
specimens from most fasting dogs. In the others it
was noted as a notch on the ascending limb of a-lipo-

300 JournaL or Lirip Researce  Vorume 12, 1971

protein Y; examples are seen in Figs. 2-4. As seen in
Table 2, norepinephrine and the subsequent addition of
propranolol and nicotinic acid had little effect on the
percentage of a-lipoprotein X over the 4 hr of the ex-
periments. The percentage of a-lipoprotein X seemed to
fall slightly under the influence of norepinephrine in-
fusion, but the changes were found not to be statistically
significant. Small increases in the percentage of a-
lipoprotein X after propranolol or nicotinic acid infusion
were also statistically not significant.

Plasma FFA

As seen in Table 2 and Fig. 7, plasma FFA concentra-
tions rose under the influence of norepinephrine and fell
under the influence of propranolol and nicotinic acid
despite the continued infusion of norepinephrine. As
seen in Fig. 7 (lines B and C), when one agent was used
alone the plasma FFA concentrations fell below those in
the animals treated with norepinephrine alone, but did
not fall as low as those in animals which received both
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PERCENTAGE OF ALPHA LIPOPROTEIN Z
&

NOREPI THROUGHOUT +

NOREPT THROUGHOUT +
) PROP ADDED AT 1HR

/NWEPI THROUGHOUT +
N NIC ADDED AT 1 HR

NOREPI THROUGHOUT +
PROP 1HR, NIC 2 1/2 HR

~SALINE THROUGMOUT

\NOREPI THROUGHOUT +
NIC 1HR, PROP 2 1/2 MR

TIME IN HOURS

Fic. 6. Effect of norepinephrine (NOREPI) and subsequent infusions of propranolol (PROP) and
nicotinic acid (NIC) over a 4-hr period on the percentage of a-lipoprotein Z as measured on paper electro-
phoretograms. Line 4 represents animals given norepinephrine alone over 4 hr; line D, propranolol added
to norepinephrine at 1 hr and nicotinic acid added at 2.5 hr; line F, nicotinic acid added at 1 hr and
propranolol at 2.5 hr; line B, propranolol added at 1 hr; line C, nicotinic acid added at 1 hr; and line E,

saline controls.

(lines D and E). Indeed, when two agents were given,
as shown in lines D and E, the plasma FFA concentra-
tions fell to a level similar to that of the saline controls
shown in line F. Thus, the use of propranolol and nico-
tinic acid in small doses was synergistic. These doses were
approximately 1/5 to 1/4, the fully effective doses found
in a previous study (5) to be necessary when used alone.

Effects of Variations in Processing Procedures

An experiment in which some of the variables in the
standard procedure were changed was done to make sure
that our findings were not an artifact of the procedure or
due to the staining of a protein such as albumin heavily
bound with FFA. Three sets of electrophoretic strips
were made from one animal. The first set was processed
in the usual way. The second set was processed in a similar
fashion except the albumin was omitted from the buffer.
The third set was similar to the first set, except that it was
stained for proteins. More frequent samples than usual
were taken. The results are seen in Fig. 9. It is seen
that more frequent sampling revealed the gradual emer-

gence of a-lipoprotein Z from a-lipoprotein Y. At the
bottom of the figure is a representative electrophoreto-
gram from serum processed without albumin in the
buffer. Those processed without albumin in the buffer
in this manner showed a-lipoproteins which were similar
at every time interval to those processed with albumin.
Also shown at the bottom of the figure is a representative
electrophoretogram stained for protein. At all time inter-
vals the protein electrophoretogram was essentially the
same. It is noted that the albumin peak is well outside the
a-lipoprotein peaks. In another variation not shown,
palmitic acid was dissolved in albumin mixed with saline.
Samples were subjected to paper lipoprotein electro-
phoresis. The paper strips resulting from this study were
blank. Together, these variations suggested that the
procedures used in this study stained only lipoproteins
and that FFA bound to albumin were not affecting the
staining of the paper strips or the electrophoretograms.

Serum Cholesterol and Triglyceride

Preliminary results indicate that serum cholesterol con-

Lirson anp Namm1  Changes in o-Lipoproteins Due to Plasma FFA 301
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PLASMA FFA uEq/liter

NOREPINEPHRINE

'\.___.__,AJD-NOREPI THROUGHOUT

| -NOREPT THROUGHOUT +
PROP ADDED AT 1HR

c’,NOREPI THROUGHOUT +
NIC ADDED AT 1 HR

NOREPT THROUGHOUT +
“PROP 1HR, NIC 2 1/2 HR

NOREPI  THROUGHOUT +
NIC 4 HR, PROP 2 1/2 HR

SALINE THROUGHOUT

1
ONE_AGENT

TWO_AGENTS

TIME

T

3 4

IN HOURS

Fwe. 7. Effect of norepinephrine (NOREPI) and subsequent infusions of propranolol (PROP) and
nicotinic acid (NIC) on plasma FFA concentration. Line A4 represents results in animals given only nor-
epinephrine throughout; line B, only propranolol added at 1 hr; line C, only nicotinic acid added at 1 hr;
line D, propranolol added at 1 hr and nicotinic acid added at 2.5 hr; line E, nicotinic acid added at 1 hr
and propranolol added at 2.5 hr; and line F, saline alone given for 4 hr.

centration did not change during the course of the ex-
periment in the treated animals as compared with the
controls. Serum triglyceride concentration rose 219, in
the animals treated with norepinephrine alone over a 4-hr
period. Conversely, serum triglyceride fell 299, in the
animals treated with norepinephrine, propranolol, and
nicotinic acid, but this change was noted only after 3 or
4 hr. The slow time course of the changes in serum
triglycerides, therefore, appeared to be unrelated to
the rapid changes noted in a-lipoproteins.

DISCUSSION

Three Forms of a-Lipoprotein

In this study it was possible to identify three peaks
designated X, Y, and Z in the region of a-lipoprotein
mobility. The Y peak was the dominant one in plasma
from fasting animals. The X peak was also fairly distinct
and preceded the Y peak; it is clearly seen in Figs. 2—4
and 9. The Z peak succeeded the Y peak but was less
distinct in the fasting state. However, it emerged clearly,
at times to become the dominant peak, during mobiliza-
tion of FFA with norepinephrine and receded when
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mobilization was inhibited. This is seen in Figs. 2-5 and
9.

Effect of Plasma FF A Elevations on
Changing a-Lipoprotein Bands

As noted above and seen in Figs. 2-6, mobilization of
plasma FFA was associated with a rapid conversion of
a-lipoprotein Y to a-lipoprotein Z. a-Lipoprotein X was
only slightly affected. Elevated plasma FFA concentra-
tions seemed to be the main factor involved in the trans-
formation of a-lipoprotein Y to a-lipoprotein Z. This
was suggested by the reversal of the process by either
propranolol or nicotinic acid. One of the few physio-
logical effects which these two agents share in common
is their depression of plasma FFA concentration (20-23).
This change in a-lipoproteins occurred within 5 min of
the beginning of propranolol or nicotinic acid infusion
and paralleled the time course of the changes in the
concentration of plasma FFA. The rapid fall of a-lipo-
protein Y and the reciprocal rise of Z within 5 min were
not likely to be the result of changes in the composition
of the proteins themselves, which have been shown to
have a half-life of 4-5 days (24, 25). The rapid changes
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Fic. 8. Percentage of a-lipoprotein Y and «-lipoprotein Z
as a function of plasma FFA concentrations. This is a composite
scattergram of the results of all groups. Each point represents
the average of determinations in 3-6 dogs taken at different
intervals during various infusions of norepinephrine, propranolol,
nicotinic acid, and saline (Table 1).

in a-lipoproteins were also not likely to be due to changes
in fatty acid composition of lipoprotein triglycerides,
which have been shown to have a half-life of 6 hr (26).
Although in this study the concentration of triglyceride
changed under the influence of norepinephrine, pro-
pranolol, and nicotinic acid, the changes took 3-4 hr
and the time course was too slow to account for the rapid
changes in a-lipoproteins. The slow course of the change
in triglyceride has been noted by others (20, 22, 27, 28).
It has also been shown that there is a reciprocal relation-
ship between the synthesis of 8-lipoproteins and a-lipo-
proteins, but this process also requires some time (29, 30).
Thus, the changes in a-lipoproteins noted in this study
were likely to be due to a loose and reversible association
of these proteins with plasma FFA.

The conclusion that a change in the concentration of
plasma FFA resulted in the changes in the migration of
a-lipoproteins Y and Z is compatible with evidence that
plasma FFA can alter the charge and electrophoretic
mobility of many proteins (2—4). These three forms of -
lipoproteins and the changes in their mobilities under

the influence of plasma FFA, however, have not been
previously described.

As noted in Fig. 8, changes in plasma FFA concentra-
tions below 1200 uEq/liter had little effect on the per-
centage of the various a-lipoproteins. This study suggested
that only above 1200 pEq/liter a-lipoprotein Y acted as
a carrier of plasma FFA. This is in accord with studies
indicating that in the physiological range, 97% of plasma
FFA are carried by serum albumin (31). It is also in
accord with in vivo and in vitro studies showing that
at high concentrations of plasma FFA other lipoproteins
act as carriers (24, 32). In this study, there was evidence
that the in vivo saturation point of albumin is approxi-
mately 1200 uEq/liter. However, we found that only one
lipoprotein, a-lipoprotein Y, was a significant carrier of
excess plasma FFA under conditions of endogenous
mobilization of plasma FFA.

As seen in Table 2, the percentage of a-lipoprotein X
was not greatly changed by norepinephrine, propranolol,
or nicotinic acid and the associated marked variations in
plas;na FFA concentrations. The small differences noted
were found not to be statistically significant. Thus, it
appeared that o-lipoprotein X had little affinity for
plasma FFA in contrast to the high affinity of a-lipo-
protein Y.

This study suggests that a-lipoprotein is involved in the
binding of plasma FFA when the binding capacity of
albumin is exceeded. This fact may be of importance in
patients with atherosclerosis and hyperlipidemia, who
have been shown to have reduced levels of a-lipoproteins
(29, 33). Moreover, it is known that patients with
atherosclerosis have increased ability to mobilize plasma
FFA (34-38). Thus, the combination of decreased bind-
ing and increased mobilization of FFA in such patients
may be significant, particularly in the light of recent
studies of the possible role of FFA in thrombogenesis.
Excess plasma FFA have been shown to cause accelerated
coagulation (39-42). In addition, plasma FFA in excess
have been shown to increase platelet aggregation (43).
In related studies, it has been shown that this platelet
aggregation occurs even when coagulation is prevented
by heparin and can lead to coronary platelet thrombi
and subsequent congestive failure (44). Thus, in patients
with atherosclerosis, there may be a relationship between
increased mobilization of plasma FFA and decreased a-
lipoproteins on the one hand, and the tendency to
thrombosis on the other.
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