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ABSTRACT

The difference in HDL-lipid constituents was examined in sera from the hepatic vein
and femoral artery. In HDL, HDL, and HDL; the most pronounced difference existed
in the triglyceride concentration which was significantly higher in the femoral artery
as compared to the hepatic vein. The cholesterol and phospholipid concentrations of
HDL, alone but not of HDL; were also significantly higher in the femoral artery than
hepatic vein. The concentrations of apo A-I and A-II, on the other hand, remained
unaltered in the blood circulation. These results, in combination with the finding of a
significant decrease in triglycerides of VLDL and LDL fraction (d.=1.006—1.063) in
the femoral artery as compared to the hepatic vein suggest that the accumulation of
triglycerides in HDL is due to their transfer from other triglyceride-rich lipoprotein
and the accumulation of HDL,, occurs in the blood stream from the hepatic vein to

73

ne, Hiroshima University School of Medicinc, Hiroshima 734, Japan

the femoral artery.

INTRODUCTION

A number of recent epidermiological data and
in vitro experiments suggest that HDL (High
Density Lipoprotein) has antiatherogenesity ei-
ther transporting cell membrance cholesterol
from peripheral (atheromatous) tissues to the
liver in humans and animals or suppressing
the net increment in cell sterol contents in-
dured by low density lipoprotein (LDL)%6 %10,
HDL is divided according to the difference
in density by ultracentrifugation into two sub-
classes, HDL, (d.=1.063—1.125) and HDL,
(d.=1.125—1.210). HDL, is considered to be
converted from HDL,; with the aid of triglyc-
eride-rich lipoprotein and lipoprotein lipasel®,
This conversion from HDL, to HDL, is accom-
panied by transportation of peripheral choles-
terol to the liver, that is, HDL, is transformed
inno HDL, by incorporating tissue cholesterol

and increasing its diameter. The difference
in lipid and lipoprotein compositions between
HDL, and HDL; also supports the above hy-
potheses.

Therefore, HDL seems to undergo a large
constitutional change in the blood stream. In
this study we analyzed the main lipid and
apoprotein constituents of serum HDL from
the hepatic vein and femoral artery to estimate
their difference between sera from these vessels
which are directly connected to lipoprotein-
metabolizing organ, i.e., the liver. ‘

PATIENTS

A . Effect of heparin on HDL and its subfrac-
tion lipids (preliminary experiment)

Three normal volunteers were injected intra-
venously with 13u/kg of heparin to see if a
small amount of heparin filled in a catheter
as an anticoagulant causes changes in their
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serum levels. HDL fractions were analyzed

before and twenty minutes after injection.

B. Analysis. of serum- lipoprotein in hepatic
vein and femoral artery

Catheterization was "urdertaken using a 7F
Cournand cardiovascular catheter filled with
1000 ¢/dl heparin solution (in saline) to prevent
blood coagulation in a tube. The amount of
heparin solution used before blood sampling
was minimized to 2-10 ml (20-100 u heparin)
to avoid the influence of heparin on serum
lipid and lipoprotein levels, after preliminary
experiment for confirming the effect of 13 u/kg
heparin injection on serum lipoprotein concen-
trations in these 3 volunteers. Immediately or
several minutes after heparin injection, blood
was drawn from the femoral artery using a
21 gauge needle by direct puncture. Twenty
milliliters of blood from three healthy volunteers
were collected before and twenty minutes after
heparin and serum was immediately prepared
and used for analysis of HDL, and HDL,
lipid and’ lipoprotein concentrations.

Sera from the hepatic vein and femoral artery
were obtained from eleven patients, five males
and six females aged 20 to 72 who were ad-
mitted for cardiac catheterization. Out of
eleven patients without left to right shunt,
eight were valvular diseases, one hypertrophic
cardiomyopathy, one WPW syndrome and one
sick sinus syndrome. All had no hyperlipidemia
when examined by routine tests immediately
after admission.

LIPOPROTEIN ANALYSES

- Sera from two vessels were obtained at cathe-

ter examination. Combined VLDL (Very Low
Density Lipoprotein) and LDL, and HDL were
prepared according to the method reported by
Havel et al.®,

Analysis of HDL,; and HDL; was performed
as described previously®. Total cholesterol was
determined by the enzymatic method? using
an autoanalyzer. Triglycerides were determined
using lipoprotein lipase for hydrolysis!® (TG
Kit,. Ono Pharmaceutical Co., Japan). Phos-
pholipids were also determined by the enzymatic
method described by Takayama et al.'® (Nippon
Shoji Japan). Apoprotein A-I (apo A-I) and
A-IT (apo-II) were determined by electroim-
munoassay as reported by Curry et al.¥ (Daiichi
Chemical Co., Japan).

STATISTICAL ANALYSIS

The values of lipid and apoprotein concen-
trations were analyzed by Wilcoxon test.

RESULTS

[ . Preliminary experiment (effect of intrave-
nous heparin on HDL and its subfraction
lipid) (Table 1)

Table 1. HDL and its subfraction lipid concent-
ration before and 20 minutes after intravenous
heparin

M Y male M N male K T male

Heparin  before after before after before after

HDL -C 52 51 48 51 41 42
-TG 14 9 10 14 22 10
-PL 109 105 100 100 91 92
109 146 7.9 8.6 86 4.8
-TG 56 38 26 1.5 39 19
-PL 13,2 19.5 11.2 11.3 14.0 7.2

HDL,-C  41.0 36.4 40.1 42.3 32.3 37.2

-TG 8.4 4.8 6.9 12.4 18.2 7.7

-PL  66.3 63.2 63.8 65.6 58.2 62.4
(mg/dl)

As listed in Table 1 no noticeable change
was noted in HDL, HDL, and HDL; lipid con-
stituents, except for HDL,-triglycerides which
showed a lower concentration in the serum
after heparin injection as compared to the serum
before heparin injection.

. Lipids and apoproteins in HDL and its
subfractions of serum from hepatic vein and

femoral artery (Table 2)

1) Lipids and apoproteins in HDL (d.=1.063

—1.210)

There were no significant differences in lipid
and apoprotein concentrations of HDL fractions
in serum between the hepatic vein and femoral
artery, except for triglycerides (p<{0.01) which
revealed significantly higher concentrations in
serum from the femoral artey as compared to
the hepatic vein.

2) Lipids and apoproteins in HDL, (d.=1. 063

—1.125)

Cholesterol (p<{0.05), triglyceride (p<C0.01)
and phospholipid (p<{0. 05) concentrations were
significantly higher in the femoral artery as
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Table 2. Main constituents of HDL and its subfractions

HDL HDL, HDL,
Cholesterol 43.8% 8.5 41.6+ 6.5 32.3+ 6.7
Hepatic Triglycer'idfes 14.7+ 7.5 4.2+ 2.6 10.5+ 5.7
Vein Phospholipids 86.5+14.3 15.3% 7.5 48.3+12.1
A-1 87.1+£24.9 15.6+ 9.8 71.7+26.3
A-II 22.5+ 8.1 2.7+ 3.0 18.8+ 8.1
Cholesterol 44.9% 8.4 - 15,94 7.2% 29.0+ 6.3
Triglycerides 21.14 7.8%* 8.0+ 3,3%* 13.1+ 6.8%
Femoral .. 3
Artery Phospholipids 88.41+13.7 21.6% 8.9% 45.2+12.4
A-I 82.8+24.0 19.3+ 9.6 62.5+25.5
A-II 21.5+ 5.2 3.84 2.1 16.4+ 5.6

(mgy/dl)

*p<0,05 **p< 0,01 statistically significant between hepatic vein and femoral artery

compared to the hepatic vein.

But there was no significant difference in apo-
protein A-I and A-II concentrations in HDL,
between the hepatic vein and femoral artery.
3) Lipids and apoproteins in HDLy (d.=1.125

—1.210)

There were again no statistically significant
differences in lipid and apoprotein concentra-
tions between the hepatic vein and femoral
artery, except for triglycerides which was higher
in the femoral artery as compared to the hepatic
vein (p<0. 05).

. Total, VLDL and LDL-lipids (d.=1.006—

1. 063)

As listed in Table 3, there were no significant
differences in total serum lipid concentrations
between the hepatic vein and femoral artery.
However, a statically significant decrease was
observed in VLDL and LDL triglyceride con-
centration (d.=1.006—1.063) from the femoral
artery as compared to that from the hepatic
vein.

DISCUSSION

The most pronounced difference was found
in the triglyceride concentrations both in HDL,
and HDL; between the sera from the hepatic
vein and femoral artery. It is well known
that heparin causes a dramatic change in a
serum triglyceride concentration particularly in
triglyceride-rich lipoproteins, by release of lip-
oprotein lipase!®!®, However, the results of
the preliminary experiment clearly disclosed that
the difference in triglycerides was not due to
heparin flush for prevention of blood coagu-

lation in the present experiment, because the
triglyceride concentration was higher in the
femoral artery than in the hepatic vein (entirely
opposite results to the change in the triglyceride
level in the preliminary experiment), and hep-
arin was flushed from a catheter and blood
was drawn from the hepatic vein shortly before
drawing blood from the femoral artery in most
of the patients. If it is assumed that the ma-
jority of HDL in the hepatic vein was secreted
from the liver and that the artery (femoral
artery) mainly contains HDL almost ready to
be transferred and incorporated into the liver
after passing through various metabolic effects.
in the blood stream, the difference in the
triglyceride concentration between the two ves-
sels must occur during circulation in the periph-
eral vessels. :

Investigations of plasma triglycerides have
been mostly concentrated on their transport
in chylomicrons and VLDL, while the metabo-
lism of triglycerides in HDL has been given
little attention. However, recent investigations
clarified that (1) triglycerides in HDL . may
have their origin in VLDL, since the transfer
of triglycerides from VLDL to HDL has been
observed in vitro!®»1619  the fatty acid compo-
sition of HDL triglycerides is similar to that
of other lipoproteins!® and furthermore, in-
gestion of large meals of safflower or olive oil
produces a change in the fatty acid composition
of triglycerides in all lipoprotein fractions, in-
cluding HDL!?, (2) there is a rapidly turning-.
over pool of HDL triglycerides resulting from
the transfer from VLDL and a slowly turning-:
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Table 3. Serum and VLDL and LDL (d. 1.006-1, 063) lipids in hepatic vein and femoral artery

VLDL and LDL

Serum (d. 1.006-1.063)
Cholesterol 184.4+35.2 140.9+34.4
Hepatic vein Triglycerides 99.1428.1 84.4+23.8
Phospholipids 185.94:24.7 99.5+16.7
Cholesterol 186,1+37.5 141,2435.3

Femoral artery Triglycerides 93,74+23.0 72,3420, 4%
Phospholipids 187.5-+28.2 98.24+19.2

(mg/dl)

#*p< 0, 01 Statistically significant between hepatic vein and femoral artery

over pool which may or may not have origi-
nated from VLDL® and (3) HDL triglycerides
are correlated positively and significantly with
the concentration of VLDL triglycerides?. On
the basis of these results from recent investi-
gations, we can estimate that the difference

in HDL, and HDL, triglyceride concentrations

between the two vessels is due to the transfer
of triglycerides from VLDL to-a HDL-rapidly
turning-over pool in the blood circulation from
the hepatic vein to femoral artery.

Therefore, this transfer seemed to partially
contribute to the decrease of triglycerides in
LDL and VLDL (as shown in Table 3), al-
though the majority of triglycerides in these
fractions is catabolized by lipoprotein and hep-
atic lipases in the blood stream. Although it
has been reported that radioactive decay was
more slowed in HDL than in VLDL®, what is
the subsequent metabolism of HDL-triglycerides
whether it is cleaned from the plasma or again
transferred to another, the accumulation of
triglycerides in HDL more in the femoral artery
than in the hepatic vein seems to suggest that
the liver is one of the catabolic sites of triglycer-
ides transferred from HDL.

In contrast to triglycerides the increase of
cholesterol and phospholipids occurred in HDL,
alone but not in HDL, during blood circulation
from the hepatic vein to femoral artery. Ac-
cording to the recent study by Andersson et
al.?, HDL is not only divided simply into
HDL; and HDL; but also HDL, is further
subdivided into HDL,, (d.=1.100—1.125) and
HDL,, (d.=1.063—1.100) by analytical' cen-
trifugation.
eter (10.8—12nm) containing more cholesterol,
tryglycerides and phospholipids and less protein
than HDL,, (diameter range of 9.7-10.7

HDL;, has a larger particle diam-

nm)?., In our present analysis, there was a
remarkable increase of cholesterol, triglyceride
and phospholipid concentrations in HDL, but
there was no significant increase of apoprotein
A-I and A-II. This unbalanced and prefer-.
ential incerase .of HDL,-lipid constituents may
suggest that the relative increase of HDLg,-
to HDL,, occurs during circulation of lipopro-
teins in blood from the hepatic vein to. the
femoral artery. Therefore, we failed to indicate
that the apparent increase of serum HDL, ‘oc-
curred in the femoral artery during blood cir-,
culation, though there was a very small but
no significant increase of apoproteins A-I and
A-TI whose significant and parallel increase
with lipid constituents may indicate the absolute
increase of HDL, concentration in the serum
of femoral artery.
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