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High Density Lipoprotein Metabolism in Man
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Bethesda, Maryland 20014

A B S T RA C T The turnover of 125I-high density lipo-
protein (HDL) was examined in a total of 14 studies
in eight normal volunteers in an attempt to deter-
miine the metabolic relationship between apolipo-
proteins A-I (apoA-I) and A-II (apoA-II) of HDL
and to define further some of the determinants of
HDL metabolism. All subjects were first studied
unider conditions of an isocaloric balanced diet (40%
fat, 40% carbohydrate). Four were then studied with
an 80% carbohydrate diet, and two were studied
while receiving nicotinic acid (1 g three times daily)
anid ingesting the same isocaloric balanced diet. The
dlecay of autologous 1251-HDL and the appearance of
urinary radioactivity were followed for at least 2 wk
in each study. ApoA-I and apoA-II were isolated by
Sephadex G-200 chromatography from serial plasma
samples in each study. The specific activities of these
peptides were then measured directly.

It was found that the decay of specific activity
of apoA-I and apoA-II were parallel to one another
in all studies. The mean half-life of the terminal
portion of decay was 5.8 days during the studies with a
balanced diet.

Mathematical modeling of the decay of plasma
radioactivity and appearance of urinary radioactivity
was most consistent with a two-compartment model.
One compartment is within the plasma and exchanges
with a nonplasma component. Catabolism occurs
from both of these compartments.

With a balanced isocaloric diet, the mean synthetic
rate for HDL protein was 8.51 mg/kg per day. HDL
synthesis was not altered by the high carbohydrate
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diet and was only slightly decreased by nicotinic acid
treatment. These perturbations had effects on HDL
catabolic pathways that were reciprocal in many
respects. With an 80% carbohydrate diet, the rate
of catabolism from the plasma compartment rose by a
imean of 39.1%; with nicotinic acid treatment, it fell
by 42.2%. Changes in the rate of catabolism from the
second compartment were generally opposite those in
the rate of catabolism from the plasma compart-
ment, suggesting that these two catabolic pathways
may be reciprocally regulated.

INTRODUCTION

High density lipoproteins (HDL)1 comprise a family
of complex particles of phospholipid, cholesterol,
and triglyceride noncavalently bound to protein. Its
functions are unknown, but available information
suggests that HDLmay play roles both in triglyceride
clearance and in removal of cholesterol from tissues.
In connection with the first function, it serves as a
reservoir between periods of increased triglyceridemia
for apolipoprotein C-II (apoC-II), the activator pro-
tein for lipoprotein lipase (1-3). In connection with its
other potential role, HDL is the natural substrate
for lecithin-cholesterol acyltransferase, the enzyme
responsible for esterification of plasma cholesterol in
man (4, 5). The protein moiety of HDL consists of
two major peptides or apolipoproteins, apolipoprotein
A-I (apoA-I) and apolipoprotein A-II (apoA-II), and
several minor peptides (6, 7). ApoA-I and apoA-II
have been shown to have clearly different primary
and secondary structures as well as immunologic
and biochemical characteristics (8, 9). ApoA-I, which
has a molecular weight of 28,331, plays a functional
role as the activator for lecithin-cholesterol acyl-
transferase (10). It is rather loosely bound to HDL

1Abbreviations used in this paper: ApoA-I, II, etc., apolipo-
protein A-I, A-II, etc.; HDL, high density lipoprotein; LDL,
low density lipoprotein; VLDL, very low density lipopro-
tein; SDS, sodium dodecyl sulfate.
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and can be separated from the rest of HDL by
relatively mild procedures (11-14). ApoA-II is asso-
ciated with HDL lipid more tightly and therefore
may play more of a structural role in the HDL
particle (15). In man it is present as a dimer with a
mol wt of 17,380 (9).

The metabolic relationship between these two pep-
tides has been the subject of some investigation in
the past. Studies by Eisenberg et al. (16) have
suggested that human apoA-I and apoA-II are catab-
olized independently when human 125I-HDL is in-
jected into the rat.

This report describes kinetic studies of 125I-HDL
designed to determine whether apoA-I and apoA-II
are metabolized independently in man (as are the B
and C peptides of very low density lipoprotein
(VLDL); (1, 2). In addition, it describes a series of
studies designed to help elucidate the functional
role of HDL and to define some of the determinants
of its metabolism. The kinetic data are used to
develop a mathematical model of HDL apoprotein
metabolism. This model helps describe the changes
in HDLmetabolism induced by two distinct perturba-
tions-an 80% carbohydrate diet and nicotinic acid
treatment. The model's general validity is enhanced
by being consistent with normal as well as perturbed
conditions of HDLmetabolism.

METHODS
Subjects. The age, weight, plasma cholesterol, tri-

glycerides, and HDL cholesterol of the eight normal
volunteer subjects studied are shown in Table I. All were
in good health with normal renal, hepatic, and thyroid
function. During the initial studies, beginning 2 wk before
the main study, all subjects were maintained on a low
cholesterol (<300 mg/day) isocaloric diet with a normal
ratio of polyunsaturated to saturated fats (0.2). 40% of the
calories were provided as fat and 40% as carbohydrate.
In addition, four of the subjects (M. S., D. M., W. G., and
S. M.) were also studied after having come to equilibrium
for at least 2 wk on an isocaloric diet with 80% of calories
as carbohydrate and <5 g fat daily. Subject W. G. had
difficulty adhering to this high carbohydrate diet and sus-
tained a 6 kg weight loss over the 5 wk he received it.
Dietary adherence was excellent for the other subjects.
Solid food diets with three feedings daily were given in all
cases. The 80% carbohydrate diet contained primarily
fruits, fruit juices, and fruit ices, casseroles with water-
packed fat-free tuna or steamed white meat of breast of
chicken, egg white, unsalted matzoh, dry cottage cheese,
skim milk, and hard candy. Twoof the subjects (M. H. and K. J.)
were studied on a balanced isocaloric diet before and 3 wk
after beginning nicotinic acid treatment (1 g three times
daily). The eight control studies are designated J. M., K. J.,
M. S., D. M., W. G., S. M., M. H., and K. J. The four studies
with high carbohydrate diet are designated M. Shc,
D. M.hC, W. G.hC, and S. M.hC. The two studies with nicotinic
acid are designated M. H.n and K. J.n. Weight varied by
<1 kg in each study except in W. G.hC. Normal activity was
permitted. Supersaturated potassium iodide (1 g/day) was

given beginning 3 days before the injection of '25I-HDL,
and ferrous sulfate, 300 mg, was given three times daily.
The patients received no other medications. Informed consent
was obtained.

Collectiot of plasmrla. Blood was obtained in 0.1% EDTA,
usually after an overnight fast (12-14 h), and the plasma
was separated at 40C in a refrigerated centrifuge. In three
instances during each turnover study, nonfastinig blood was
obtained; these were at 6, 12, and 36 h after the 9:00 a.m.
initiation of the studies.

Isolation and labeling of HDL. Autologous HDL was
isolated at 4°C over the density range 1.09-1.21 g/ml
according to the method of Havel et al. (17). Successive
ultracentrifugation was carried out in a Beckman 60 Ti
rotor (Beckman Instruments, Inc., Fullerton, Calif.) at
59,000 rpm for 18 h at d 1.09 g/ml, and for 24 h at d 1.21
g/ml. The HDL thus obtained was resuspended in an
NaCl-KBr solution of d 1.21 g/ml and washed by ultra-
centrifugation for 24 h at 64,000 rpm in a Beckman 65
rotor. KBr was then removed by at least four successive 30-min
dialyses against a 100-fold excess volume of 0.85% NaCl
with 0.01% EDTA(EDTA saline).

The density range 1.09-0.21 g/ml was selected to
minimize contamination from sinking prebeta lipoprotein
should it be present in the plasma of any of the subjects
(18) as well as to minimiiize labeling of C peptides, which
may be present primarily in the lowest density range of
HDL (19, 20). The HDL obtaine(d was free of albumini,

TABLE I
Subjects

Choles- Triglyc-
Study Age Sex Weight terol eride HDL VLDL LDL

kg ing/inl rigiml ing/hil ?iigi/nl miglt/nl

J. M. 20 M 71 1.36 0.36 0.36 0.07 0.93

K. R. 19 F 54 1.92 0.72 0.40 0.14 1.38

M. S. 22 F 65 1.53 0.46 0.35 0.09 1.09
M. S.hc* 65 1.46 0.72 0.20 0.14 1.12

D. M. 20 F 69 1.65 1.36 0.34 0.27 1.04
D. M.hc* 69 1.53 2.14 0.22 0.43 0.88

W. G. 23 M 65 1.34 0.66 0.22 0.13 0.99
W. G.h,* 59 1.00 0.82 0.18 0.16 0.66

S. M. 18 F 56 1.43 0.61 0.51 0.12 0.80
S. M.hc 57 1.28 0.83 0.31 0.17 0.80

N1. H. 26 M 83 1.33 0.92 0.35 0.18 0.80
M. H..t 83 1.21 0.84 0.42 0.17 0.62

K. J. 21 F 60 1.53 0.71 0.37 0.14 1.02
K. J..4 61 1.22 0.48 0.46 0.10 0.66

The first of each of the paired studies was conducted with a
balanced diet and no drug therapy except for potassium iodide
and ferrous sulfate. Weight is expressed in kilograms. Plasma
cholesterol and triglycerides are expressed in milligrams per
milliliter. VLDL, LDL, and HDLare expressed as milligrams
cholesterol per milliliters of plasma.
* Study with 80% carbohydrate diet.
t Study with nicotinic acid treatment (3 g/day).
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low denisity lipoprotein, and sinking prebeta lipoprotein
bv immiiunioelectrophoresis (11).

Labeling with 1251 was performed at pH 10 by a miiodifica-
tionl of the iodline moniochloride technique of MIcFarlane
(21, 22). Unbound iodine was remove(d by dlialysis in Union
Carbi(le cellulose dialysis tubinig (Unioni Carbide Corp.,
Sani Diego, Calif.) for 30 nin against each of at least six
successive baths of 500-fold excess volume of EDTA saline.
Efficiencv of labeling was determinie(d as that portion of
1251 which, before dialysis, was soluble in 10% trichloracetic
aci(d and(l averaged 65% (range 46-77%). In each experi-
menit, <1 mol of iodine was bound to each mole of HDL
apoprotein, assuming uniform labeling and a mol wt of
30,000 for HDLapoproteins.

Characterization of 1251-HDL. Lipi(d labeling was
determined as that portion of label which, after dialysis,
was found in the nonpolar phase when 1251-HDL was
extractedl with chloroform:mnethanol (2:1) according to the
method of Folch et al. (23). It averaged 1.8% (range 0.8-
3.2%). There was no apparent effect of high carbohydrate
diet or of nicotinic acid treatment on the extent of lipid
labeling; it averaged 1.9 and 1.8% in the carbohydrate
and nicotinic acid studies, respectively. The lipid phase
was dried before counting radioactivity in order to avoid
absorption of the gammila emissioni by chloroformii (24).
(Absorptioni was shown to amounit to two-thirds of total
radioactivity, so a tripling of measuredl radlioactivity ac-
coompaniied evaporation of the chloroform.) Unbound
io(inle (1251 soluble in 10% trichloracetic acidl after dlialvsis
average(d 0.89% of radioactivity (ranige 0.2-_2.2%).

The '25I-HDL producedl a sinigle peak onl gammiiiia scanninig
of its paper electrophoretogramii, anid this peak was idlenti-
cal in location with the stainied band( pro(luced by unl-
labeled HDL from the same subject. Immuiiiiinoelectrophoresis
of '25I-HDL against antisera to HDL pro(luced precipitin
lines i(lenitical to those obtainecl from coelectrophoresis of
unilabele(d HDL.

In each study, the 1251-HDL was inicubatedl for 30 min at
room temperature in 5 ml of autologous fastinig plasma at
(l 1.063, 1.09, and 1.21 g/ml and then ultracentrifuged
for 36 h in a Beckman 40.3 rotor at 4°C. A meani of 1.2%
(ranige 0.8-1.4%) of total radioactivity was found in the
dlensity fraction <1.063 g/ml; a mean of 3.2% (range 2.8-
3.6%) of radlioactivity was in the densitv fraction <1.09
g/ml; andl a mean of 4.1% (range 1.7-5.5%) of radioactivity
was found( in the density fraction >1.21 g/ml. Recovery
in these ultracentrifugations averaged 100% (SD 5), after
correctioni for absorption of radiation by KBr (24).

In five of the studies (S. M.he, K- J., K. J. n M. H., M. H.n),
the distribution of 1251 among the peptides of HDL was
(letermiinledl by counitinig radioactivitx in the slicedl seg-
mlelnts of polvacrvlamide gels after subjecting the 1251_
apoHl)L and( unilabeledl carrier apoHDL to sodiumii dlodecyl
suilfate (SDS) polvacrylamide gel electrophoresis by a miioclifi-
cationi of the mnethodl of Weber and(l Osborni (25). A miiean of
45.3% (SD 2.9) of radioactivity miiigratedl with apoA-I; a
miieani of 38.6% (SD 1.6) miiigratedl with apoA-II; andl a miiean
of 1.9% (SD 1.4) migrated with the C pepti(les. A meani
of 9.7% (SD 1.7) of radioactivity was foundl in the upper
portion of the gels, representinig higher molecular weight
conistituenits or aggregates of apoA-I or apoA-II. Further-
more, 0.7% (SD 0.3) was found in the unstainiecl zone be-
tween apoA-II and the C peptides. Nicotiniic acid treat-
menit producecl no consistent change in the pattern of
clistribution of radioactivity among peptides.

The turniover studies. 125I-HDL was sterilized by pas-
sage through a Millipore filter (0.45-,tm pore size, NIillipore
Corp., Beclforcl, Mass.) anid tested for the presence of bac-

teria anid pyrogens as previously described (22). Withini 5
davs of obtaininig the subjects' plasma, 25 ,uCi of autologous
125I-HDL (50 ,uCi for subjects K. R. anid J. MI.) were re-
injecte(d intravenously. Bloodc samples were then obtainied
at 6, 12, 24, and(l 36 h, anid then daily for 2 wk after injec-
tionl (3 wk for both stu(dies of S. NI. and(l 4 wk for K. J.
and J. NI.). Decay of ra(lioactivity in 2-miil samples of
plasma was miieasure(l. Complete urinie collectionis wvere per-
forme(d (durinig each stu(ly, the termiiniationi of collection
perio(ds beinig the times when bloo(l samples were ob-
tained. Urinary radioactivity for each collectioni was meas-
ured. 24-h fecal excretioni of radioactivity was measure(d on
the 6th day after injection in subjects K. J. ani( M. H.
during nicotinic acicl treatment. It amounted to <0.05% of
urinary excretioni for that time period.

The decav over time of specific radioactivity of apoA-I and(
apoA-II was measured directly in each study. On selected
days in each studv 120 ml samples of blood were ob-
tained by plasmapheresis. This was done at the following
times in all studies but K. R. and J. NI.: 10 min after injec-
tion and 1, 4, 7, 10, 12, and 14 days after injectioni. In
the studies of S. NI. it was also done 18 and 21 clavs after
in-jection. In K. R. these large samples were obtaine(d 10
min and 1, 5, anid 9 days after injectioni. In J. NM. they
were obtainied at 10 min anid 1, 5, 9, 13, and(l 19 days after
injectioni.

HDL in each large sample was isolate(d bv two suc-
cessive ultracenitrifuigationis at salt (l 1.063 and(l 1.21 g/ml
at 59,000 rpmii in a Beckmiiani 60 Ti rotor. It was theni
dialyzed twice against a 100-fold excess volume of 0.01%
NH4HCO3with 0.01% EDTA at pH 8.2, lvophilized, and
delipidated with chloroform: methanol (2:1).

The apoHDL was dissolved in 0.01% NH4HCO3Nwith 0.01%
EDTA and 3 MI guanidine HCl at pH 8.2. It was then
fractioniate(d over a glass columni packe(d with Sephaclex
G-200 (superfinie) andl 4 mmin glass beadls. Fractionis niear
the peaks gave apoA-I anid apoA-II purity as showni by
SDS gel electrophoresis (Fig. 1). Nleasuremenits of protein
and radioactivity from these pure fractions yielded the
specific activity decay curves.

Anialiytical techniiques. Proteini was measuredl bx the
method of Lowry et al. (26). Lipid phosphorus was meas-
ured bv the mletho(d of Bartlett (27). Cholesterol in HDL
was measured by the method of Chiamori ai(I Henry (28).
For this purpose, HDL was isolated by two different tech-
niques: by precipitation of VLDL and low dlensitv lipo-
protein (LDL) with heparin-miianiganiese (29; Table I), andl
by two successive ultracenitrifugationis of plasmiia at salt cd
1.09 and 1.21 g/ml (Table II). Total plasma cholesterol
ancd triglyceri(les were determiniedl by AutoAnialyzer II
methodlology (30, 31). VLDL cholesterol was estimiiate(d as
one-fifth the plasmiia triglvceridles (32). LDL cholesterol
was dletermiinle(l as the (lifferenc e betweeni total plasmiia
cholesterol adllc the sum] of VLDL anll( HDL cholesterol.

SDS-polyacrylamidle gel electrophoresis of the apoproteilns
of HDL was performe(l b\ a imodlificationi of the miiethodl of
WNeber au(I Osborn (25). 13% gels were prepare(l with 0.5%
diallvltartardliamidle (33) as the cross-linker andl 0.05 MI Tris
buffer at pH 8.2. They were run at 8 mA/tube at room
temperature and stained with 0.1% Coomassie Blue in
5% acetic acid and 50% methanol. Destaining was per-
formed by diffusion into 7.5% acetic acid with 5% meth-
anol. ApoA-I andl apoA-II isolated by Sephadlex G-200
chromatography prodlucedl distinct bands in this system.
When knowni activities of 1251-apoA-I and 1251-apoA-II were
coelectrophoresedl, complete recovery of radlioactivitv was
found in the correspondinig bands in the gels.

Radlioactivitv was counted with a Packardl modlel no.
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FIGURE 1 Profiles of radioactivity and optical density elution from Sephadex G-200 (superfine)
column used for specific activity determination for apoA-I (A-I) and apoA-II (A-II). Samples for
measurement of specific activity were taken from tubes 39 and 51. The 2.Ox 200-cm glass column
packed with Sephadex G-200 (superfine) and 4 mmglass beads was eluted with 0.05 M Tris,
pH 8.2, with 6 Murea by a pressure of 30 cm of the buffer. 10-15 mgof apoHDL was applied to
the column and 2-ml fractions were collected. A similar column eluted with 0.05 MTris, pH 8.2,
and 4 Mguanidine HCI was also used and gave identical results.

3375 gammacounter (Packard Instrument Co., Inc., Downers
Grove, Ill.). Efficiency of counting was 55%. Correction for
absorption by KBr was made when appropriate (24).

Compositional studies. HDL was isolated quantitatively
from 5 ml of plasma in the density range 1.09-1.21 g/ml
for compositional studies. This density range was selected
because it corresponded to the density of the injected
125I-HDL. The isolation was performed at 4°C with two ultra-
centrifugations only, 24 h at 1.09 gIml and 48 h at 1.21 g/ml at
39,000 rpm in a Beckman 40.3 rotor. The product was not
washed with an additional ultracentrifugation at 1.21 g/ml in
order to minimize preferential loss of apoA-I (11, 13, 15).
Protein concentration was measured. A portion of the isolated
HDL was then extracted with chloroform;methanol (2:1)
according to the procedure of Folch et al. (23). Cholesterol
in this extract was measured in all studies (28).

The relative masses of apoA-I and apoA-II were deter-
mined in the HDL isolated for labeling for each study
except J. M. and K. R. The HDL was lyophilized and
then delipidated with chloroform:methanol (2:1). The apo-
proteins were dissolved in 0.01% NH4HCO3at pH 8.2 with
3 M guanidine HCI. They were then fractionated over a
1.2 x 150-cm glass column packed with Sephadex G-200
(superfine). The column was equilibrated and eluted with
0.05 M Tris at pH 8.2 with 6 M urea. Column recoveries
of radioactivity averaged 100.2% (SD 5). The elution pro-
files were of very high resolution and permitted complete

collection of apoA-I and apoA-II in separate pools. These
pools were dialyzed against 0.01% NH4HCO3at pH 8.2
and concentrated by lyophilization. Correction for loss in
dialysis was made according to recovery of radioactivity.
Two samples of apoHDL2 isolated from the plasma of
normal volunteers (over the density range 1.063-1.125
g/ml) were subjected to duplicate column runs and analysis
to test the precision of these determinations of apoHDL
composition. The results are presented in Table III, with
subject identification codes TP and DD.

RESULTS

Compositional studies. The composition of HDL
(d = 1.09-1.21 gIml) isolated from each subject during
each study is given in Table II. It can be seen that in
these normal subjects on a balanced diet HDL pro-
tein levels varied over more than a twofold range from
0.62 to 1.39 g/ml of plasma. However, the composi-
tion of HDL did not vary greatly among subjects,
the mean ratio of cholesterol: protein being 0.34
(SD 0.033) and that of cholesterol: phospholipid being
0.65 (SD 0.097).

With carbohydrate feeding, HDL protein, choles-
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TABLE II
HDLComposition*

Choles-
Choles- terol/

Phospho- Choles- Triglyc- terol/ Phospho-
Stu(dx Proteini lipid terol eride Protein lipid

J. NI. 0.93 NDt NDt NDt NDt NDt

K. R. 1.02 NDt NDt NDt NDt NDt

NI. S. 0.62 0.34 0.24 0.028 0.39 0.71
NI. S.hC§ 0.50 0.25 0.16 0.028 0.32 0.64

D. NI. 0.95 0.43 0.32 0.064 0.34 0.74
D. NI.hc§ 0.72 0.33 0.20 0.062 0.28 0.61

W. G. 0.62 0.26 0.20 ND 0.32 0.77
W. G.1hA 0.54 0.31 0.17 ND 0.31 0.55

S. NI. 1.39 0.80 0.48 0.068 0.35 0.60
S. NI.h,§ 1.11 0.63 0.29 0.088 0.26 0.46

NI. H. 1.08 0.55 0.31 0.088 0.29 0.56
NI. H.nn 1.11 0.60 0.37 0.064 0.33 0.62

K. J. 1.08 0.69 0.37 0.086 0.34 0.51
K. J.n 1.07 0.73 0.44 0.060 0.41 0.60

P1T <0.0 <0.5 <0.02 <0.5 <0.0 NS

* Expressed as milligrams per milliliter of plasma. HDL (d
1.09-1.21 g/ml) was isolated quantitatively from 5 ml of plasma
by two successive ultracentrifugations at 4°C.
t Not done.
§ Study with an 80% carbohydrate diet.
"Study with nicotinic acid treatment.
¶ Analysis of effect of 80% carbohydrate diet in four paired
studies bv paired t test.

terol, and phospholipid concentrations in plasma fell in
every patient. Furthermore, the composition of HDL
changed. The ratio of cholesterol:protein fell by a
mean of 16% (P < 0.05) from the baseline values
and that of cholesterol: phospholipid fell by a mean
of 17% (P < 0.02). These changes suggest a smaller
mean HDL particle size with carbohydrate feeding.

With nicotinic acid treatment, generally opposite
changes were found in both subjects. The plasma con-
centration of HDL protein changed little, whereas
HDL cholesterol and phospholipid concentrations
rose. The ratio of cholesterol:protein rose by a mean
of 18% over base-line values as the ratio of choles-
terol:phospholipid rose by a mean of 14% over base-
line values. These findings suggest a larger mean
HDL particle size with nicotinic acid treatment.

In three pairs of studies, HDL2 and HDL3 were
quantitated by analytical ultracentrifugation (34)
(kindly performed by Dr. Frank Lindgren of the
Donner Laboratory, University of California). In
addition, in those studies HDLwas isolated quantita-

tively over the density ranges 1.063-1.09 g/ml and(l
1.09-1.21 gIml. Each isolation was performed by two
successive ultracentrifugations of 5-ml aliquots of
plasma. The results of these studies are shown in
Table IV, and representative analytical ultracentrifu-
gation patterns are shown in Fig. 2. Both methods
indicate that carbohydrate feeding produced a rela-
tive diminution in the larger, less dense HDL
particles (HDL2 and HDL of d = 1.063-1.09 g/ml),
whereas nicotinic acid treatment had the opposite
effect.

The composition of the protein moiety of HDL in
six of the subjects as determined by Sephadex G-200

TABLE III
Percent Apoprotein Composition of HDL

(1.09 -1.21 gInil)

FX 2 FX 3
Stu&y FX 1* (apoA-I) (apoA-II) FX 4 FX 2/FX 3 FX 2 + FX 3

N1. S. 13.1 62.7 20.4 3.9 3.07 83.1
Nl. S.hct 11.0 60.3 24.7 3.9 2.44 85.0

D. NM. 6.3 69.4 20.3 3.9 3.42 89.7
D. Nl.hCt 9.5 65.0 21.3 4.1 3.05 86.3

W. G. 8.3 58.1 21.2 12.5 2.74 79.3
W. G.5hA 7.7 59.1 25.4 7.8 2.33 84.5

S. NI. 4.8 75.2 15.3 4.6 4.92 90.5
S. M.5Ct 4.5 66.3 24.6 4.7 2.70 90.9

NM. H. 3.8 71.5 20.3 4.5 3.52 91.8
NI. H..§ 4.1 70.9 19.9 5.2 3.56 90.8

K. J. 5.4 66.7 20.6 7.2 3.24 87.3
K. J..§ 3.0 68.7 19.5 8.7 3.52 88.2

T. P. 1 8.7 66.8 12.4 12.1 5.39 79.2
T. P. 2 4.8 69.3 14.9 11.0 4.65 84.2

D. D. 1 5.8 61.4 20.7 12.2 2.97 82.1
D. D. 2 5.9 61.7 22.7 9.7 2.72 84.4

pii NS NS <0.1 NS NS NS

Percent distribution of HDLprotein in paired studies as de-
termined by Sephadex G-200 (superfine) chromatography.
HDL-2 (d = 1.063-1.125 g/ml) was isolated from the plasma
of volunteers T. P. and D. D. and subjected to duplicate col-
umn runs and analyses to test the precision of this technique
for determining apoHDL composition.
* Fraction 1 (FX 1) contains high molecular weight constitu-
ents and perhaps also aggregated forms of apoA-I and apoA-II.
Fraction 2 (FX 2) contains apoA-I. Fraction 3 (FX 3) contains
apoA-II. Fraction 4 (FX 4) contains C peptides, but is sig-
nificantly contaminated with apoA-I and apoA-II as deter-
mined by SDS gel electrophoresis.
I Study with a high carbohydrate diet.
§ Study with nicotinic acid treatment.
"Analysis of the effect of an 80% carbohydrate diet in paired
studies by paired t test.
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TABLE IV
Distribution of Mass over the

Mass ratio
Subject HDL,2:HDL3 1.0)61

S. M. 0.54
S. M.hc* 0.12

M. H. 0.087
M. H..4 0.59

K. J. 0.35
K. J.,t 0.67

The concentrations of HDL2(Sf° 0-3
were assessed by analytical ultracen
lated quantitatively over the densit
an(l 1.09-1.21 g/ml by preparative
scribed in the text.
* Study with an 80% carbohydrate

Study with nicotinic acid treatme

(superfine) chromatography is v
mean of 86.6% (SD 3.4) of t
apoA-I or apoA-II (range 79.3-s
was approximately evenly divi
and C-peptide peaks in all sub
where a mean of 12.1% of the
void volume and only 2.8%
The mean ratio of apoA-I: ap
diet and no drug therapy was

F"1.20

9 3.5 0

S.M.

3.5 0

1185.1 (HDL3)|

S.M. ON
CARBOHYDRATEDIET

FIGURE 2 Analytical ultracentrifug
two pairs of studies, before and dur
diet (S. M.), and before and during
(M. H.). Fo.20 refers to ultracentrif
background salt d of 1.20 g/ml. HDI
teins with Fol.20 3.5-9.0; HDL3 is (

with Fo,.20 0-3.5.

was a considerable range (2.74-4.92). With a high
HDLDensity Ranige carbohydrate diet, the apoA-I:apoA-II ratio fell in every

case, but the fall was not statistically significant.
Protein ratio The apoA-II content of HDL protein rose in each

case (mean change, 26% of base line and this change
0.16 was of borderline statistical significanice [P < 0.1]).
0.075 Conversely, with nicotinic acid treatment, the ratio of

0.064 apoA-I:apoA-II rose slightly in both subjects, the meani
0.11 elevation being 4.9% from the base-line value. If

all the paired studies are analyzed together by the
0.11 nonparametric sign test under the assumption that
0.15 nicotinic acid treatment is the inverse perturbation of

5) aIdHDL3 (S°f35 -9()) a high carbohydrate diet, the change in the ratio of
tLwas iso- apoA-I:apoA-II is statistically significanlt (P < 0.05).

ty rifugationge .() £HDL ll Distribution of radioactivity in lipo protein classes.y ranges 1.063-1.09 g/nilf
ultracentrifuigationi as dle- After injection of 1251-HDL, virtually all radioactivity

remained in the density range 1.063-1.21 g/ml for the
dliet. entire duration of each study. This was dletermined on
lit- all days when the subjects were plasmapherese(l.

A mean of 1.0% (SD 0.9) of the radioactivity was
found in the density fraction <1.063 (luring the 1st wk

shown in Table IIId A of the studies, and 1.5% (SD 1.0) during the succeeding
hleproteinl elutejd as days. A mean of 5.5% (SD 1.2) of radioactivity was91.8%). The remiainder found in the density fraction >1.21 g/ml (luring theded betweeni the void 1st week and 5.8% (SD 2.9) during the succeedingijects except for MNi. S., days. These latter measurements probably representprotein elutedl at the
wihthe Cep tides. overestimates because repeated ultracenitrifugation re-

with the C-peptides. moved apoA-I from HDL to the d 1.21 g/ml frac-3A-II with a balanced tion of plasma. (Radioactivity in the d > 1.21 g/ml
3.49 (SD 0.48); there fraction was determined after the samples had pre-

viously been centrifuged at d 1.063 gIml).
F01.20 Kinetic analysis. After injection of the 1251-HDL,

plasma radioactivity decayed in a comiplex fashion.
9 3.5 0 Fig. 3 presents representative decay curves. In paired

studies, carbohydrate feeding was associated with
nmore rapid decay compared to the balanced diet
periods. Conversely, nicotinic acidl treatment was

73.1(H DL2 \Jassociated with a slower decay in both pairs of studies.

203.6(HDL3) The decay of specific activity of apoA-I and apoA-I1
in each turnover study is shown in Table V. Decay

K.J. curves for two representative pairs of studies are
9 3.5 o shown in Fig. 4. The curves for the two peptides

appear parallel in all studies. This holds under con-
trol conditions of a balanced diet as well as carbo-
hydrate feeding and nicotinic acid treatment, two
distinct perturbations of HDL catabolism, suggest-

104.9(HDL2 ing that apoA-I and apoA-II of HDLare not catabolized
157.6(HDL31 separately as are the B- and C-peptides of VLDL,
K.J. ON NICOTINIC but are catabolized together.

ACID The decay of plasma radioactivity and the appear-
gation patterns of HDL in ance of urinary radioactivity were analyzed with the
*ing the 80% carbohydrate SAAMcomputer program of Berman and Weiss (35,

nicotinic acid treatment 36). The multicompartmental model which was de-fugal flotation rate with a
L, is composed of lipopro- veloped to provide the best least squares fit for the
composed of lipoproteins data is shown in Fig. 5. This model also gave the best

fit for the decay of specific activity of apoA-I and

800 Blum, Levy, Eisenberg, Hall, Goebel, and Berman



100
80
60

40
0

@0
0o

0
.0

000
0

OQo~~~

0
0 0
0 00

0

*0 00
0 0

o S.M. * o
* S.M.- High Carbohydrate Diet e

9

0

00
0 0

0 0

0

20 _

10
8
6

4

2

0.4

0*0 0

* 1 oll ° 0`1 o oo oo tw oo 0 0
0~~~~~

0 S.M.
0 S.M.- High Carbohydrate Diet

I

0.3

0.2

0.1

0 3 6 9 12 15 18 21

DAYS

0
0 -

0 0
0

0
0

0

0
0

0
0

0

0 *
0

0
0

o M.H.
* M.N.- Nicotinic Acid

0 0 0
00 000 0 00 0

0 0 . .0 0 0

0~~~~~
@0

00

I*D o M.H.

5 *0 M.H.- Nicotinic Acid

o 2 4 6 8 10 12 14

DAYS

FIGURE 3 Decay of plasma radioactivity and( appearanee of urinary radioactivity in two repre-

sentative pairs of studies. The open circles represent control studies. The closedl circles represent
studies with an 80% carbohydrate diet or nicotinic acid treatment. Urine activity/plasma activity
denotes the rate of urinary excretion of radioactivity per 24 h divided by the mean plasma
radioactivity for each collection period.

apoA-II. The compartments are denoted by arabic
numbers and the rate constants by L (i, j). Synthetic
rate of HDL protein is represented as U (1). All
masses, synthetic rates, and fluxes are based on the
HDL (d 1.09-1.21 g/ml) protein concentrations
pres-ented in Table II. The model is characterized
by two primary compartmeints and a plasma compart-
ment (1) which is exchanged with a second comiipart-
ment (2) which is probably extravascular.

Although the decay of plasma radioactivity couldl
be simulated by models with catabolism occurring

from either compartment or from both, catabolism
from both compartments had to be postulated in order
for the model to be consistent with the observed
pattern of excretion of urinary radioactivity. It was

found that a model postulating all catabolism from
the plasma compartment predicted more rapid early
urinary excretion of radioactivity and too little late
excretion compared to the observed pattern of excre-

tion. The converse was found with a model postulating
all catabolism from the second compartment. The
model was able to fit the plasma and urine data best,

however, when it permitted catabolism through both
compartments. This model is not the only model
capable of simulating the data. It is, however, the
simplest one (the only two-compartmiienital model that
can fit the data).2

Compartmiient 3 represenits iodide, assumed to have
a rate constanit of 2 davs-' for removal fromii the body
inito the urinie (38). A imieani of 2.4% of the inijecte(d
radlioactivity is requiredl kinetically as iodide con-

tamiinlationi. This comnpares with a meani of 0.89% of
free 1251 founid experimiienitally by precipitation with
TCA. A meani of 1.1% of the inijecte(d ra(lioactivitv
(range 0-4.7%) seemiis to be degrade(d rapidlly (about
2 days-'), and is probably a combination of arti-
factually alteredl material and labeled lipid. A smnall
amount of the radioactivity couldI not be accounted

2 Additional HDL turnover studies performe(d in homo-
zygous and heterozygous patients with Tangier disease
showed nearly all 1251-HDL (autologous or from a norm-ial vol-
unteer) to be catabolized via the plasma comnpartmiienit (37).
Thus, it seems highly unlikely that the earlier excreted radio-
activity represents denatured or otherwise altered HDL.
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TABLE V
Decay of Specific Activity in ApoA-I (A-I) and ApoA-II (A-II)

Days

Subject 0 1 4 7 10 12 14 18 21

100
100

100
100

100
100

100
100
100
100
100
100

100
100
100
100
156
130
100
100

100
100
100
100

54.6
59.1
62.2
61.8
63.0
77.0
63.4
59.8
57.6
59.2
63.1
66.5

65.1
74.4
63.8
63.0

100
100

65.2
73.9
60.2
63.9
60.8
57.5

33.6
37.5

29.8
29.8

33.3
35.5
26.1
24.6
26.3
19.2

26.8
31.7
34.5
34.4
31.2
33.2
49.8
48.7

37.0
36.2
28.3
30.9

30.4
32.1

18.2
20.6

17.4
17.4
24.8
21.7
13.8
13.7
16.5
16.0

14.9
16.8

19.1
22.4
16.0
18.6
31.0
31.7
24.4
25.8
16.0
17.5
18.9
19.9

19.5
22.4

11.7
11.1

14.6
13.6

8.34
7.70
9.80

11.3
8.97

10.3

13.7
15.0

13.0
12.6
21.1
22.1
15.9
16.3
10.2
11.0

12.8
14.3

9.79
10.8

8.54
7.83

9.63
11.8

6.31
6.45
7.34
8.44
6.32
8.67

10.2
10.5

8.54

14.8
15.0
13.0
15.6

7.12
8.55

9.91
9.93

7.39
10.5

6.58
6.41
8.04
9.83
4.63
5.01
5.95
6.99

4.75
6.00
7.76
7.78
6.91
6.08

12.3
12.6

9.70
9.57
5.36
6.20

7.01
8.57

4.66
5.38

2.77
2.68

3.57
3.30

1.98
2.43

Days

0 1

100 70.6
100 71.5
100 53.4
100 63.7

5

30.9
33.9
24.4
26.7

9

18.3
21.0

13

9.34
12.1

19

4.15
4.52

Decay of specific activity of apoA-I and apoA-II has been normalized in each study except K. J. to the initial sampling
point at day 0 (10 min after injection of 125I-HDL). Parallel decay of the two peptides was better demonstrated in K. J.
by normalizing to values 1 day after injection.
* Study with high carbohydrate diet.
t Study with nicotinic acid treatment.

for in urine and was assumed to be lost from compart-
ment 2 via a pathway with a rate constant L (0, 2).

Model parameters in each study are shown in Table
VI. In the subjects who underwent paired studies it
was possible to obtain an optimal least squares fit to the
data while still keeping L (2, 1), L (1, 2), and L (0, 2)
fixed for each subject. It can be seen that with a

balanced diet and without nicotinic acid treatment
a mean of 61.9% of the HDL protein mass was

found in the intravascular compartment. The mean

synthetic rate of HDLprotein was 8.51 mg/kg per day

on a balanced diet. Carbohydrate feeding produced
no significant change in the synthetic rate (mean
change 1.7% of base line, P > 0.20). In the two
studies with nicotinic acid treatment, on the other
hand, that perturbation was associated with a mean

11% fall in U (1).
The most striking kinetic changes with carbohydrate

feeding and with nicotinic acid treatment occurred
in the catabolic rate constants L (3,1 ) and L (3, 2). In each
of the three subjects who adhered well to the iso-
caloric high carbohydrate diet (W. G. did not adhere
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M. S. A-I
A-II

M. S.hc* A-I
A-II

D. M. A-I
A-II

D. M.hc*A-I
A-II

W. G. A-I
A-II

W. G.he* A-I
A-II

S. M. A-I
A-II

S. M.h,* A-I
A-II

K. J. A-I
A-II

K. J.n4 A-I
A-II

M. H. A-I
A-II

M. H.J A-I
A-II

K. R. A-I
A-II

J. M. A-I
A-II
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FIGURE 4 Decay of specific activity in apoA-I and apoA-II in two pairs of studies. All values are
normalized to the first sample obtained, 10 min after injection of I251-HDL. The closed circles
represent specific activity of apoA-I (A-I); the open circles represent specific activity of apoA-II
(A-IH). The studies marked S. M. and M. H. were performed with a balanced diet and without nico-
tinic acid treatment. The study labeled S. NI.-high carbohydrate diet was performed with an 80%
carbohydrate diet. The study labeled NM. H.-nicotinic acid was performed with nicotinic acid treat-
inient.

well andl was in negative caloric balance during his
high carbohydrate study), the rate of catabolism from
the intravascular compartment L (3, 1) rose sub-
stantially with carbohydrate feeding (mean rise
52.5% of base line). A converse effect was observed
in both subjects with nicotinic acid treatment where
L (3, 1) fell (mean fall 42.2%). With W. G., who adhered
poorly to the high carbohydrate diet and was in nega-
tive caloric balance, there was practically no change
in L (3, 1). Because of the lack of change in L (3, 1)
with W. G., statistical significance was not obtained
when data from all four subjects with paired carbo-
hydrate studies were analyzed with a paired t test.
The three adherents unfortunately do not constitute
a large enough group to be amenable to statistical

analysis. However, in view of the consistency of the
results among adherents (as well as the reciprocal
changes seen with nicotinic acid treatment), these
carbohydrate-induced changes in HDLmetabolism do
appear to represent a genuine trend. The rate of
catabolic activity from the extravascular compartment
varied less consistently with carbohydrate feeding.
With nicotinic acid treatment, L (3, 2) rose in both
subjects; the mean change was 28% above base line.

DISCUSSION

These studies of the turnover of the major HDL
peptides show that apoA-I and apoA-II are catabolized
together under normal and perturbed conditions. They
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Synthesis U (1)

+ ,/:0,2)
L (2,) (

1

Plasma Nonplam
Poo l

L (1, 2)

L(3, 1 L (3, 2)

3

Iodide

L(0, 3)

FIGURE 5 Kinetic model of metabolism of the major HDL
apoproteinis. Compartimienit 1 is plasma. Compartimienit 2 is nioni-

plasmiia. Comlpartmenit 3 represents iodide. Rate conistanits are

(lenoted L(i, j). Synthetic rate of HDL apoproteini is deniote d

U(1).

fuirther (leI1ionstrate that the effects on HDL metab-
olism of an 80% carbohydrate diet and of nicotiniic
acidl treatmiient are reciprocal in many respects.
Mathematical modelinig of the kinetic data revealed
that catabolism occurs through both intravascular
andl extravascular compartments. Furthermore, these
two catabolic pathways appear to be regulated re-

ciprocally.
Studies of the turnover of HDL in manl have ap-

peared in the past. In 1958 Gitlin et al. (39) reported
on the turniover of VLDL, LDL, and HDL. They
founiid that the half-lives of 1251-HDL in two normials

TABLE VI
Kinetic Parameters of the Turtnover Studies*

Synithesis Plasimia Noniplasma Noniplasimia Exchanige Exchanige Plasimia Noniplasinia Noniplasinia Plasma Nonplasma Percent of
rate FCR FCR (major) FCR(miniiior) FCR (2,1) FCR (1,2) fltix flux (milajor) flux (iminior) miass miass Plasimia total HDL in

StudYl U(1) L(3,1) L(3,2) L(0,2) L(2,1) L(1,2) R(3,1) R(3,2) R(0,2) XM(1) M(2) volumiiie plasml-aspace

itiglkgl/lday days-' (layls-' (days-' dayls-' days-' m1glkg/dlayl ng/kg/day muglkgl(layl juglkg mitglkg m1l1 %

Single
J. M. 8.04 0.066 0.119 0.056 0.406 0.375 2.72 3.64 1.70 41.3 30.6 3,157 57.4

K. R. 7.81 0.120 0.081 0.017 0.250 0.370 5.45 1.98 0.41 45.4 24.3 2.399 65.1

Paired, before and during high carbohydrate diet
M. S. 4.40 0.109 0.118 0.016 0.244 0.337 2.68 1.50 0.20 24.6 12.7 2,572 66.0
M. S.hct 4.40 0.153 0.083 0.016 0.244 0.337 3.23 0.98 0.19 21.1 11.8 2,710 64.1

D. M. 7.36 0.095 0.177 0.022 0.331 0.395 3.40 3.50 0.44 35.6 19.8 2,584 64.3
D. M.hCt 7.62 0.189 0.116 0.022 0.331 0.395 5.25 2.01 0.38 27.8 17.3 2,679 61.0

W. G. 5.69 0.109 0.156 0.003 0.331 0.245 2.59 3.04 0.06 23.8 19.5 2,494 55.0
W. G.O 5.26 0.108 0.145 0.003 0.331 0.245 2.44 2.76 0.06 22.6 19.0 2,466 54.3

S. M. 10.20 0.137 0.076 0.034 0.213 0.337 7.38 1.95 0.87 53.9 25.7 2,235 67.7
S. M.O 1(0.1 0.163 0.098 0.034 0.213 0.337 7.35 2.02 0.70 45.1 20.5 2,317 68.8

Paired, before and during nicotinic acid treatment

M. H. 12.40 0.158 0.117 0.019 0.300 0.341 8.03 3.74 0.60 50.8 32.0 3,903 61.4
M. H.n§ 10.90 0.117 0.131 0.019 0.300 0.341 6.14 4.21 0.60 52.5 32.1 3,929 62.1

K. J. 9.65 0.110 0.134 0.023 0.347 0.340 4.83 4.10 0.72 43.9 30.6 2,439 58.9
K. J.,4 8.78 0.046 0.193 0.023 0.347 0.340 2.22 5.85 0.71 48.6 30.3 2,772 61.6

Mean control values, balanced diet without nicotinic acid
8.20 0.113 0.122 0.024 0.303 0.343 4.64 2.93 0.63 39.9 24.4 2,722 62.0

p"i NS NS NS NS NS NS <0.1 NS NS NS

* See Fig. 5 and text for description of kinetic model and designation of specific compartments. Mg refers to milligrams HDL
protein. FCR is fractional catabolic rate. Plasma volume or initial space of distribution is given in milliliters.
I Study with high carbohydrate diet.
§ Study with nicotinic acid treatment.
Analysis of effect of 80% carbohydrate diet in paired studies by paired t test.
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were 4.8 and 4.4 days as calculated from the termiinial
slope of plasma decay curves.

Scanu and Hughes (40) studied the turnover of
31 1-HDL in two subjects. They found that virtually all

of the radioactivity remainedl in the HDL (lensitv
ranige throughout the 16 days of study ancd that the
half-life of the terminal portion of the plasma (le-
cay was 4.5 and 4.2 days. Furmani et al. (41) in the
only other report of HDL turnover in manl obtained
sillmilar results. Approximately 60% of plasma radio-
activity remained in the HDL density range. The
plasmiia half-life of HDL in their subjects was somiie-
what shorter than in the subjects of Scanu ancd Hughes
(40) or of Gitlin et al. (39), averaging 3.5 dlays in
the normal subjects. Furthermore, they foundel simiiilar
results after injecting 125I-apoHDL as with 125I-HDL.
In comiiparison, the mean half-life of the termiinal
portion of (lecay in our eight niormal voluniteers
durinig treatmenit with a balanecedl diet andl without
nicotinic acid was 5.8 days (SD 1.3). The miieani half-
life (lurinig inigestioni of an isocaloric 80% carbo-
hd(Irate diet in four of these subjects was 4.8 (lays,
whereas in the two subjects studlied with nicotiniic
acid treatment it was 5.7 days.

These early studies were performiied before knowl-
edge of the heterogeneity of the protein moiety of
HDL. Although the disappearanice of labele(d pro-
tein was followedl in each case, the possibility of (lis-
parate catabolism of the major HDL peptides was not
inivestigated. Divergent metabolic pathways of the B
and(l C peptidles of VLDL have beeni clearly (lemioni-
strated. Becauise apoA-I and apoA-II have (listiuict pri-
imiarv structures and functional roles, it miiight be sUs-
pected that they also have distinct metabolic fates.

Eisenberg et al. (16) investigated the metabolic fate
of humnani '25I-HDL injected into the rat. It was foundl
that human apoA-I was removed fromii the circulation
miiore slowly (t, = 13 h) than was humiian apoA-II
(t, = 9 h). Furthermore, they reportedl that the major
catabolic site for human and rat 1251-HDL in the rat
was the liver.

The studies described here were carried out with the
major objective of defininig the metabolic relation-
ship between apoA-I and apoA-II in miian. The (lecav
of specific radioactivity of apoA-I and apoA-II in
1251-HDL was measured directly in each study. This
approach demonstrated that apoA-I and apoA-II of
HDL are catabolized identically to one another under
control as well as perturbed conditions.

These studies provide some insight into mechaniismiis
by which carbohydrate feeding and nicotinic acid
treatment influence HDLmetabolism and suggest that
the influence of these two perturbations is reciprocal
in many respects.

With carbohydrate feeding the ratios of cholesterol:
protein aind cholesterol:phospholipid fell in each

case. This suggests a smaller mean HDL particle
size because available data indicate that HDLparticles
are spherical and are composed of an amiiphiphilic
surface of protein, phospholipid, an(l uniesterified
cholesterol, and a hydrophobic core of cholesteryl
ester andl triglyceride (42-47). Mlost of the cholesterol
in HDL is esterified (48). Furthermore, anialytical
ultracentrifugation in the studies of S. NI. demion-
strated that with carbohydrate feeding a larger portion
of the total plasma HDLwas found amonig the smaller,
denser particles of HDL3. In all these respects,
reciprocal changes were seen in both studlies with
nicotinic acid treatment.

Carbohydrate feeding resulted in a lower ratio of
apoA-I:apoA-II, whereas n icotinic aci(d treatment
yielded HDL with a slightly higher apoA-I:apoA-II
ratio. Published reports of the apoA-I:apoA-II ratio
in HDL2 compared to that in HDL3 are conitra(lictory,
indicatin-g variously that it is higher in HDL2 (19,
49, 50), that it is lower in HDL2 (14), and(l that it is
identical in these two subclasses of HDL (51). If
the apoA-I:apoA-II ratio in HDL2 is higher than in
HDL3, the changes in that ratio with carbohydrate
feeding and nicotinic acidl treatmenit may be attributedl
in part to the observedl shift in the HDL (lensity
spectrum.

The changes in mean HDL particle size and( apo-
protein composition with carbohy(lrate fee(ding ancd
nicotinic acid treatment may be the result of a
qualitative change in either synthesis or catabolismii.
In the case of both perturbations, the alteredl apoA-I:
apoA-II ratio in the face of identical (lecay rates for
apoA-I and apoA-II speaks in favor of a qualitative
change in HDL synthesis.

The kinetic modeling of decay of plasma radio-
activity in combination with appearance of urinary
radioactivity demonstrated catabolisml froml both
plasma and nonplasma compartmiienits. The plasmla
decay curves alone were consistenit with all catabolismii
occurring via either compartment or a comiibiniation of
them. These studies do not demonistrate the precise
locations or distinct roles of the plasmiia anil non-
plasma catabolic sites. Furthermore, they (lo not permit
us to identity the HDL synthetic entry site, and( the
choice of the plasma compartment as the synthetic
entry site is arbitrary. The major conclusions, how-
ever, with respect to total synthetic rate an(l changes
in patterns of catabolism are independcent of the site
of entry.

In all subjects who adhered well to the 80% carbo-
hydrate diet, there was an increase in the fractional rate
of catabolism from the intravascular comiipartment,
whereas in both subjects undergoing nicotinic acid
treatment, it fell. These changes in the catabolic
rate from the intravascular compartmenit may be
secondary to changes in the concentration or flux
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of VLDL. An 80% carbohydrate diet increases
VLDL-triglyceride flux and concentration (52-54),
whereas nicotinic acid treatment produces reciprocal
effects (55). An inverse correlation has been noted
between triglyceride and HDL levels, and the familial
hypertriglyceridemias are associated with particularly
low plasma levels of HDL (56). Furman et al. (41)
reported a direct relationship between plasma tri-
glyceride levels and the terminal rate of decay of
intravenously injected 131I-HDL. The triglyceride
kinetics of their subjects were not studied. All this
gives further support to the concept that elevation of the
flux or concentration of plasma VLDL may be linked
to an increased rate of catabolism of HDL from
plasma.
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