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Abstract The role of lipoprotein lipase (LPL) in the gen- 
eration of  low density lipoprotein (LDL) and high  density 
lipoprotein (HDL) was investigated. Intravenous injections 
of high titer goat antiserum against  highly  purified  chicken 
LPL into fasted roosters quantitatively blocks the removal of 
plasma VLDL triglyceride (1976.5. Lipid Res. 17: 498-505). 
Analyses of the chemical components of lipoproteins 
after 8  hr of  LPL inhibition  showed that the very  low 
density lipoprotein (VLDL) concentration increased  over 
10-fold, while  LDL and HDL concentrations decreased by 
5-fold and 48%, respectively. LDL and HDL  cholesterol 
levels decreased logarithmically over the 8-hr period, with 
half-lives  of  2.4 and 6 hr, respectively. The composition 
of these lipoprotein fractions on  a percent weight  basis 
changed significantly. Experimental LDL contained 37% 
less phospholipid, 64% less cholesterol, and 2.3-fold more 
triglyceride than control LDL. Experimental HDL  con- 
tained 3.1-fold more triglyceride and 50% less unesteiified 
cholesterol than control HDL. The Stokes’ radii of  HDL 
were determined by gel  filtration  on Biogel  A5M and 
Ultrogel AcA 22: the radius of experimental HDL (44.9 
A) was smaller than that of control HDL (55.4 A). These 
measurements were confirmed by electron microscopy 
(43  and 54 A, respectively). After rate zonal ultracentri- 
fugations of  plasma samples, control LDL  was clearly re- 
solved, while  no  LDL could  be detected in the experimental 
samples.  Rate  zonal ultracentrifugations of  plasma  samples 
also indicated that control HDL  had a higher flotation rate 
than experimental HDL.  Equilibrium  zonal ultracentri- 
fugation showed experimental HDL  to  be more dense than 
control HDL  with hydrated densities of 1.118 and 1.113 
g/ml, respective1y.l These experiments provide in  vivo  evi- 
dence that LDL  is a direct metabolic product of VLDL and 
that LPL  plays a role in the transfer of surface constituents 
from VLDL to  HDL.-Behr, S. R., J. R. Patsch, T. Forte, 
and A. Bensadoun. Plasma lipoprotein changes resulting 
from immunologically  blocked  lipolysis. 5. Lipid Res. 1981. 
22: 443-45 1. 
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T h e  hydrolysis of  plasma  VLDL  and  chylomicron 
triglycerides  leads  to  the  generation  of new lipopro- 
teins and  to  changes  in  the  chemical  composition  and 

physical properties of pre-existing  circulating lipopro- 
teins.  Although VLDL degradation  has  not  been 
directly  linked  to  LDL  production  in vivo, it has  been 
shown  in  vitro  that “LDL-like  particles” are formed 
from VLDL  in  the  presence of milk lipoprotein  lipase 
(1 ) .  Furthermore, it  has  been inferred that all or most 
LDL apoprotein B is derived from VLDL apopro- 
tein B in  normal  humans (2). Direct  synthesis of LDL 
by the liver has  been  demonstrated  in  hypercholes- 
terolemic  rats (3) and  in  the isolated perfused  pig 
liver (4). Recently, it has  been  demonstrated  that 
HDL,-like particles are formed in  vitro  during  the 
lipolysis of human VLDL by bovine milk lipoprotein 
lipase  in  the  presence of human  HDL3 (5) .  It  has also 
been  shown  that  when  chylomicrons,  labeled  in  the 
phospholipid  and  apoprotein  moieties,  are  injected 
intravenously  into  normal or hepatectomized  rats, 
these  components  are  recovered  in  the  HDL  frac- 
tion (6 ,  7). 

It has  been previously demonstrated (8) that  anti- 
lipoprotein  lipase  serum  injected  intravenously  in 
roosters  quantitatively blocked the catabolism  of 
VLDL  triglyceride. In  this  report we show  that,  as 
VLDL accumulates in roosters  as a result of anti-LPL 
treatment,  plasma  LDL levels decrease  and  the  chemi- 
cal  composition of LDL  changes.  Simultaneously, the 
HDL concentration  decreases  and  the  HDL  particles 
become  smaller and  more  dense  and  accumulate 
some  triglyceride.  These  results provide in vivo evi- 
dence  that VLDL is a direct  precursor of LDL and 
that  VLDL lipolysis provides  components  to  the  HDL 
density class. 

Abbreviations: LPL, lipoprotein lipase; lipoprotein classes and 
respective densities employed for isolation: VLDL, very low density 
lipoproteins  (d < 1.006 g/ml); LDL, low density lipoproteins 
(1.006-1.063 g/ml); HDL, high density lipoproteins (1.063- 
1.2 1 g/ml). 
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MATERIALS AND METHODS Ultracentrifugation 

Preparation of anti-lipoprotein lipase serum 

Rooster  adipose tissue lipoprotein lipase was puri- 
fied by a  method  described  elsewhere  (9).  Antisera 
against  homogenous  preparations  were  raised  in  goats 
and antibody  titers  were determined as previously 
described (8). Immunoglobulin  fractions  prepared 
from  these  antisera  quantitatively  inhibit partially 
purified LPL from  adipose,  heart,  and liver tissues 
(9),  but do not inhibit the NaC1-resistant liver lipase 
(10).  Immunodiffusion  experiments with purified 
anti-LPL  immunoglobulins  showed  a  single  precipita- 
tion line  against  a crude extract of chicken  adipose 
tissue concentrated by ammonium  sulfate  precipita- 
tion. A line of identity was seen between this crude 
preparation  and highly purified LPL (1  1). 

The antisera used in this  study  contained  from 
7,000 to 12,000  unitdm1 of antibody (one  unit  inhibits 
the hydrolysis of  1 peq fatty acid/hour).  In most ex- 
periments,  the  antiserum  and  control  serum were 
treated with 2% (W/V) Cab-o-si1 for  4 hr at 4°C  with 
occasional gentle  shaking. The sera were then  centri- 
fuged  at  20,000  rpm  for  30 min  in a Sorvall SS34 
rotor.  This  method removes all lipoproteins  from the 
serum  (12). The recovery of anti-LPL  titer in the 
supernatant was over loo%, while only 5% of  the 
cholesterol was recovered in the  supernatant. The 
removal  of  goat  lipoproteins  from the  antisera  elimin- 
ated  the  complicating  effect of introducing  foreign 
lipoproteins  into  the  circulation  of  the  rooster. 

Animal experimental procedures 

White  leghorn  roosters weighing between 1.5 and 
2.5 kg were  fasted  overnight. To  inhibit LPL activity, 
4,000  units of anti-LPL  serum  per kg of body weight 
were injected intravenously  into the  experimental 
bird.  This single dose was followed by hourly  in- 
jections of 2000 units per kg of body weight for  the 
remainder of the  treatment period (usually 8 hr). 
Previous results  have  demonstrated  that  this injection 
protocol blocks the removal of biologically labeled 
VLDL (8). Control  birds received the same  volumes 
of non-immune goat serum. For time course  experi- 
ments,  approximately  4 ml of blood was obtained  from 
the wing  vein at 0 , 2 , 4  and  6  hr,  and by heart  puncture 
at 8 hr. Clotting was prevented by mixing 1 ml of 
0.15 M NaCl, 1% EDTA, pH 7.4, with 10 ml of whole 
blood. Plasma was separated  immediately by  low speed 
centrifugation at 4°C. Final concentrations of 0.05% 
sodium  azide  and 2 mM p-chloromercuriphenylsul- 
fonic  acid, an inhibitor of lecithin:  cholesterol acyl- 
transferase activity ( 1  s), were added to the plasma. 

For the time  course  experiments, all centrifugations 
were done  at 4°C in  a Beckman 40.3  rotor in  0.5 
in. X 2.5  in. thick cellulose nitrate  tubes. VLDL 
(density < 1.006 g/ml), LDL (density  1.006  to  1.063 
g/ml) and  HDL (density  1.063 to 1.2 1 g/ml) were 
isolated by preparative  ultracentrifugation  of  2 ml 
of plasma (14). Two-ml  fractions were obtained  from 
the  supernatant by aspiration after  centrifugation  at 
each successive density. In  order to minimize con- 
tamination  of  the LDL fraction with VLDL, the in- 
franatant  from  the initial ultracentrifugation at 
density 1.006 g/ml was subjected to a second centri- 
fugation  at  the  same  density.  Lipoprotein  prepara- 
tions from  larger volumes of plasma were spun  at 
4°C in 1 .0  in. X 3.5  in. polyallomer tubes  in  a Beckman 
60 Ti rotor  at  the same  densities as above. Fractions 
were separated by slicing the tubes. 

Chemical analyses of lipoprotein constituents 

Protein  content was determined by the  method of 
Lowry et al. (15).  In  the case of VLDL, the lipid was 
extracted with chloroform  after  the last step of the 
assay. For LDL and  HDL,  a variation of the assay of 
Lowry et al. was employed  (16). In  later analyses, 
HDL  protein was measured by the Biorad method 
(17).  This assay gave the same  results as the modified 
Lowry assay when bovine serum  albumin was used as 
a  standard in the 10-50 pg  range.  Total  cholesterol 
was measured by gas-liquid chromatography. A 
known amount of beta-sitosterol was added to the 
sample as an  internal  standard in an  approximate 
weight ratio with total cholesterol  of 1. The sample 
was then saponified in 5 ml of  2%  KOH in 95%  ethanol 
for 1 hr at 60°C. The lipid was extracted in 5 ml of 
hexane, followed by 5 ml of distilled water (18). The 
hexane  phase was collected, dried  under  nitrogen, 
redissolved in a small volume of hexane,  and  approxi- 
mately 1 p g  of cholesterol was injected into  a Hewlett 
Packard  5830 A Gas Chromatograph  equipped with a 
flame ionization detector set at 300°C and  dual  6  ft, 
2 mm ID glass columns packed with 3% OV17 on 
Gas Chrom Q. The oven temperature was 260"C, the 
injection port  temperature 300"C, and  the flow  of 
carrier  nitrogen was 30  ml/min. 

Unesterified  cholesterol was measured as described 
except  that the saponification  step was omitted.  This 
simple  method was found to give results  identical 
to  a  determination of free cholesterol by gas-liquid 
chromatography  after  the  separation of unesterified 
cholesterol and cholesteryl  esters by thin-layer chro- 
matography. The coefficient of variation for  ten  de- 
terminations  of l pg  of cholesterol was 1.2%. 
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Phospholipid was extracted  using  chloroform- 
methanol 2:l (19) and was measured as phosphorus 
according  to  Bartlett  (20).  Triglyceride was deter- 
mined by the colorimetric  method of Sardesai and 
Manning  (21). The results of the above chemical 
assays were added  for estimating total lipoprotein 
mass  in each density fraction. 

Gel  filtration 
Equal volumes of plasma from  a  rooster  before 

antibody injection and  from  the same rooster  after 8 
hr of LPL inhibition were adjusted  to  a density of 
1.21 g/ml with  solid KBr and were centrifuged  at 
4°C and 60,000 rpm  for 26 hr using  a Beckman 
60 Ti rotor. The supernatants  containing VLDL, 
LDL, and HDL were collected and  concentrated with 
a YMlO Amicon Membrane. The concentrate was 
applied  to  a 1.6 x 88 cm column  containing Biogel 
A5M (BioRad Laboratories,  Richmond,  CA) equili- 
brated with 0.15 M NaCl, 1% EDTA, 0.02% NaN,, 
pH 7.4. The void volume of the  column was deter- 
mined with Dextran Blue 2000, and calibration was 
performed using bovine serum  albumin,  aldolase, 
catalase, and  ferritin (Pharmacia Fine Chemicals, 
Uppsala,  Sweden). All the gel filtration experiments 
were  repeated  using  Ultrogel AcA 22 (1.6 X 95  cm) 
under identical conditions.  Individual  column  eluent 
fractions were weighed and analyzed for  their  ab- 
sorbance  at 280 nm. 

Zonal ultracentrifugation 
Analyses for VLDL and LDL were performed 

under  rate flotation conditions and,  for  HDL,  under 
both  rate flotation and equilibrium  conditions.  Sample 
volumes from  experimental  and control  roosters were 
kept  equal  to facilitate comparison.  After filling Beck- 
man Ti- 14 zonal rotors with appropriate NaBr density 
gradients  using  a Beckman 141 gradient  maker,  ultra- 
centrifugations were performed in Beckman L2-65B 
ultracentrifuges. The procedural details for  loading 
and unloading  the  rotors as well as for  monitoring 
the  rotor  contents by continuously  reading the absor- 
bance at 280 nm have  been  described previously (22). 

Analyses for VLDL subfractions were performed 
employing  a  linear gradient in the density range 
1.00-  1.15  g/ml,  at  a rotor  speed of 42,000 rpm at 
15°C for  45 min (23). Analyses for LDL were obtained 
using  a  linear gradient (1.00- 1.30 g/ml) at  42,000 
rpm  at 15°C for 140 min (22).  HDL flotation charac- 
teristics were determined by rate zonal ultracentri- 
fugation at 41,000 rpm  at 15°C for 22 hr in a  non- 
linear gradient in the density range of 1.00- 1.40 
g/ml (22). The hydrated  densities of HDL  fractions 
were further evaluated by density gradient  ultra- 

centrifugation  under equilibrium  conditions  (24). At 
initiation of ultracentrifugation,  the  gradient was 
linear with respect  to  the rotor volume spanning  the 
density range of 1 .OO- 1.20  g/ml.  Centrifugations 
were performed  at 35,000 rpm at 20°C for  65  hr. 
The  rotor effluent was monitored  continuously  at 
280 nm and  superimposed  on a pre-run density 
gradient  pattern  determined by refractometry. 

Electron microscopy 

Aliquots of control and  experimental  rooster HDL 
were dialyzed at 4°C against  0.13 M ammonium 
acetate  buffer  containing  345 p M  Merthiolate. Lipo- 
proteins were then negatively stained with sodium 
phosphotungstate as previously described  (25) and 
examined in a JEM lOOC (JEOL, Inc.,  Tokyo,  Japan) 
electron microscope; micrographs were obtained  at 
instrumental magnifications of 60,000  to 8 0 , 0 0 0 ~ .  
Lipoprotein sizes were obtained on 150 to 300 free- 
standing particles by means of a computer  program 
using  a sonic digitizer (Science Accessories Corpora- 
tion Graf-pen,  Southport,  CT) which records x-y  co- 
ordinates  and  translates  them  into particle diameters. 

RESULTS 

Three separate  8-hr time course  experiments were 
performed, each with one  experimental  and  one 
control  rooster. The concentration of the chemical 
components of each lipoprotein  fraction  at  each time 
point is expressed as the mean of the  three  experi- 
ments (Figs. 1,  3, and 5). In addition,  nine  pairs of 
animals were used to evaluate the compositional 
changes of each lipoprotein  fraction  after  an  8-hr 
inhibition of LPL. The chemical compositions of  the 
8-hr fractions are expressed as the  means of several 
determinations (Table 1). 

VLDL concentration during LPL inhibition 
Administration of anti-LPL  serum brought  about a 

dramatic  increase in plasma VLDL concentration. 
Fig. 1 illustrates this increase in terms of total choles- 
terol and triglyceride over an  antiserum injection 
period of 8 hr. As observed previously (6),  there is a 
linear increase of VLDL cholesterol and triglyceride 
for at least 2.5 hr.  This is followed by a lower rate 
of increase of  VLDL cholesterol and triglyceride in 
the last 4 hr.  The  rate zonal ultracentrifugal profile 
of VLDL is shown in Fig. 2. Whereas in the  control 
rooster  there is a  continuum of particles from Sf 20 
to Sf 400, the  experimental VLDL particles have Sf 
values above 120. The chemical composition of VLDL 
after 8 hr of LPL inhibition is shown in Table 1. 
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TABLE 1. Concentrations and chemical compositions of rooster plasma VLDL and LDL 
after 8 hours of inhibition of lipoprotein lipase 

Lipoprotein  Composition'' 

Concentration  Protein C TG PL n 

mgll00 ml % % % % 

Exp. VLDL 514 9.4 5.8 79.8 5.3  6 
Cont. VLDLb 37.5 12.9 13.6 46.1 27.3  2 
Exp. LDL 10.5 14.0 13.6 58.8 13.6 1 
Cont. LDL 55.3 14.5 38.2 25.6 21.6 1 

Figures represent means of n observations. Exp. LDL analyses were conducted on pooled 
plasma samples from two animals. Lipoprotein concentration was calculated by adding 
constituents: protein, total cholesterol (C), triglyceride (TG),  and phospholipid (PL). 

____~  ~ 

* Composition determined previously (8). 

The composition at 8 hr was not  different  from  the 
VLDL composition after 2, 4, and 6 hr. 

LDL changes  during LPL inhibition 
With respect to LDL, the most striking effect of 

anti-LPL injections is the five-fold decrease in plasma 
LDL concentration  observed  at 8 hr after LPL in- 
hibition. LDL cholesterol  declined logarithmically 
(Fig. 3). 

The composition of  LDL after 8 hr of LPL inhibition 
was further investigated as follows. The plasma of 
two experimental  roosters was pooled 8 hr  after 
antiserum  injection; the LDL density fraction was 
obtained by sequential  ultracentrifugation and com- 
pared to  that of a  normal  rooster. Chemical analyses 
of this  material are  reported in Table 1. The total 
LDL  levels decreased  from  55.3 mgllO0 ml plasma 
in the  normal  rooster to 10.5 mg/100 ml plasma in 
the  experimental  rooster. On a weight percent basis, 

Time (hrs )  

Fig. 1. Effect of anti-LPL serum on plasma  VLDL concentra- 
tion. VLDL cholesterol concentration was determined in plasma 
from fasted roosters injected with goat anti-LPL serum for 8 hr 
(A- A) or with control goat serum (0 - 0). Plasma 
triglyceride concentration (A. . .A) was determined only in animals 
receiving goat anti-LPL serum. Values are means of three separate 
time course experiments. 

the  experimental LDL contained  the  same amount of 
protein, while the  proportion of cholesterol and phos- 
pholipid  decreased by 64%  and 3796, respectively, 
and  the  proportion of triglyceride  increased  2.3-fold. 

The effect of LPL inhibition was confirmed by 
rate zonal ultracentrifugation of  the  d < 1.063 g/ml 
fractions (Fig. 2)  derived  from  the  same volumes of 
control  and  experimental plasma and by rate zonal 
ultracentrifugation of whole plasma (Fig. 4). In these 
studies (four control and  experimental samples 
analyzed), there was no significant absorbance in the 
density region  where  control LDL  typically banded. 

0 2 0 t  

4 

0 10 

I 

L 
0 
L 
100 200 300 400 501 

Zonal  rotor e f f l u e n t  (ml) 

Fig. 2. Rate zonal ultracentrifugal analysis of control plasma 
(upper panel) and of experimental plasma (lower panel) for VLDL 
subclasses (1 7). Fifty  ml of plasma from each control and experi- 
mental animal were subjected to ultracentrifugation in the Beck- 
man 60 Ti rotor  at solvent density of 1.063 g/ml and  the  top 
fractions were separated by slicing the polyallomer tubes. These 
d < 1.063 g/ml lipoproteins were subjected to rate zonal ultra- 
centrifugation  at 42,000 rpm for 45 min using a linear gradient 
in the density range 1.00- 1 .I5 g/ml. Arrows indicate effluent 
positions for VLDL  with Sf = 120 and SI = 20, respectively, as 
obtained from a calibration curve (17). 
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Fig. 4. Rate zonal ultracentrifugal analysis of control (upper 
panel) and experimental plasma (lower panel) for LDL. Thirty- 
six ml o t  each plasma were directly (without prior  ultracentrifuga- 
tion in the angle head rotor) applied to the Ti 14 zonal rotor and 
spun in a linear gradient  (d 1.00-1.30 g/ml) at  42,000 rpm  and 
15°C for 140 min (16). 

Fig. 3. Effect of anti-LPL serum  on plasma LDL concentration. 
LDL cholesterol (top)  and protein (bottom) concentrations were 
determined in fasted roosters injected with goat anti-LPL hourly 
for 8 hr (A - A) or with control goat serum (0 - 0). Values 
are means of three separate time course  experiments. 

HDL changes  during LPL inhibition 

The concentration of HDL in the plasma after 8 hr 
of LPL inhibition  decreased an average of 48% from 
352.9 5 73.9 mg/100 ml plasma (five observations) 
to 182.9 5 67.6  mg/100 ml plasma (five observa- 
tions) (Table  1).  The  changes in total  HDL  concentra- 
tion and in HDL  constituent  concentrations  over time 
are illustrated in Fig. 5. The chemical composition 
changes in HDL are shown in Table 2. Control  HDL 
clearly had  more  cholesterol and less triglyceride than 
experimental  HDL. 

For the analysis of HDL flotation characteristics, 
equal volumes of experimental  and  control plasma 

Tlrne I hrsl 

Fig. 5. Effect of anti-LPL serum  on the plasma HDL concen- 
tration. Total HDL (a), HDL cholesterol (b), HDL protein (c), 
HDL phospholipid (d),  and HDL triglyceride (e) concentrations 
were determined in fasted roosters injected with goat anti-LPL 
hourly for 8 hr (A - A) or with control goat serum (0 - 0). 
Values are means of three separate time course experiments. 
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TABLE 2. Concentrations and chemical compositions of rooster plasma HDL after 
8 hours of inhibition of lipoprotein lipase 

HDL Composition" 
HDL 

Concentration  Protein C TG PL C/CE* 

mgll00 ml % % % % 

Experimental HDL 182.9 t 67.6 51.3 k 4.0 10.2 ? 1.1 9.5 t 1.2 29.1 t 5.1 0.22 t 0.03 
Control HDL 352.9 t 73.9 48.7 t 2.6 13.7 t 2.4 3.1 t 0.8 34.5 & 2.7 0.36 ? 0.06 

Figures represent means t standard deviations of five observations; except for C/CE for which there were 
four observations. 

* CE, cholesteryl ester. 

were subjected to rate zonal ultracentrifugation 
(Fig. 6) .  The control  HDL  appeared  as  a single peak, 
larger  than  the  experimental  HDL  peak,  indicating 
that  the  control  rooster  had  a  higher  concentration 
of HDL in the plasma. Also the  control peak preceded 
the  experimental peak in the  rotor effluent profile 
indicating  a  higher flotation rate of control HDL. 
The equilibrium zonal ultracentrifugation of equal 
starting volumes of plasma clearly resolved sym- 
metrical HDL  fractions (Fig. 7). The experimental 
HDL was present as a smaller broader peak with a 
mean density of 1.118 g/ml. Control  HDL was sig- 
nificantly less dense, at  1.1 13 g/ml. 

Gel filtration 
Concentrated samples of lipoproteins  obtained 

by ultracentrifugation  from  control and experimental 
roosters were applied to Biogel A5M and Ultrogel 
AcA 22 columns. The elution profiles of lipoproteins 
from  a Biogel A5M column are  presented in Fig. 8. 

Denslty  (g/mll  

Residuol 
oroleins 

Residuol 

X I  

"0 100 200 300 400 500 
Z o n o l  rotor ef f luent  (ml) 

Fig. 6. Rate  zonal ultracentrifugal analysis of control (upper 
panel) and experimental plasma (lower panel) for HDL. Five  ml 
of each plasma were loaded in the Ti 14 zonal rotor and spun in a 
non-linear gradient in the density range of 1.00- 1.40 g/ml (16) 
and 41,000 rpm  and 10°C for 22 hr. 

The lipoprotein  profile  from  the  control  rooster 
showed a small peak eluting  at  56.9 ml and a  large 
HDL peak eluting  at 124.8 ml. The experimental 
lipoprotein profile had  a very large VLDL peak super- 
imposing the first control  peak and  an HDL peak 
that was somewhat smaller than  the  control HDL peak 
and which eluted  at 129.9 ml, 5 ml later  than  the 
control  HDL. These elution volumes correspond to 
Stokes' radii of 57.3 A for  the control  HDL and 43.0 
A for  the  experimental  HDL. The Stokes' radii 
determined by Ultrogel AcA  22 chromatography were 
53.5 A and 46.7 A, respectively. 

Electron  microscopy 

High density lipoproteins  from  control  roosters 
consisted of round particles with a  mean particle 
radius of 54 A k 16 A S.D. Anti-LPL treated  roosters 
possessed HDL which were similar in morphology 
to  their  untreated  counterparts,  but were 20% smaller 
in mean particle radius  (43 A & 10 8, S.D.). The 
observed  electron microscopic size  of the HDL 
particles agrees well with those determined by gel 
filtration. 

E 0 041 4120 

Zonal rotor e f f luent  (ml) 

Fig. 7. Ultracentrifugal behavior of control HDL (-) and 
experimental HDL (---) under equilibrium conditions. Equal 
amounts  of plasma from both control and experimental animals 
were subjected to ultracentrifugation in an angle head rotor  and 
solvent densities of 1.063 and 1.210 g/ml, respectively, to isolated 
HDL. Control and experimental HDL were quantitatively applied 
to a Ti 14 zonal rotor and centrifuged separately using a linear 
gradient of NaBr in the density range of 1.00-1.20 g/ml under 
identical conditions: 35,000 rpm, 20°C, 65 hr. 
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DISCUSSION 

The increased VLDL concentration  occurring 
during blocked lipolysis confirms and  extends a  pre- 
vious observation (8) that VLDL triglyceride  hydro- 
lysis can  be  inhibited by anti-LPL serum in vivo. The 
intravenous injection of goat  anti-LPL serum caused  a 
linear  increase in the concentration of VLDL triglycer- 
ide  and cholesterol for several hours. The VLDL 
triglyceride and cholesterol  concentrations between 4 
and 8 hr  did not  increase  as  much  as  between 0 and 
4 hr.  Three possible mechanisms may explain this 
lack of linearity.  First, the liver requires  a  large sub- 
strate pool in the synthesis of VLDL. Some of the fatty 
acids from VLDL triglyceride hydrolysis are  returned 
to  the liver; this fatty acid flux is negligible in the ab- 
sence of LPL activity and  therefore.the liver fatty acid 
pool which serves as  a  precursor  to VLDL triglyceride 
might become depleted and not be sufficient to main- 
tain  a  constant VLDL triglyceride  synthetic  rate. 
Secondly, there may be  a negative feedback of VLDL 
on its own synthesis and secretion in the liver. A recent 
report (26) demonstrated  that  proteins  such as fatty 
acid-free bovine serum albumin and ovalbumin, as 
well as dextrans of different molecular weights, inhibit 
the synthesis of apoprotein B and  the secretion of 
VLDL from  cultured  rat hepatocytes. At high con- 
centrations, VLDL might have a  potent  effect  on its 
own synthesis and secretion. Finally, at  high VLDL 
levels another VLDL clearance pathway may become 
quantitatively significant. The existence of such  a  com- 
pensatory mechanism for VLDL catabolism has not 
been previously documented. 

It has been shown that LDL-like particles are 
formed in vitro by incubating  human VLDL  with 
bovine milk  LPL (1). Conversely, the  present  experi- 
ment  demonstrated  that, in the absence of LPL 
activity  in  vivo,  LDL  levels decreased  rapidly while 
VLDL accumulated. Plasma  LDL cholesterol de- 
creased by a first order process with a half-life of 2.4 
hr. Analyses  of several plasma samples, obtained 8 hr 
after LPL inhibition was initiated,  demonstrated  that 
only 6.9 k 0.7% of the control LDL cholesterol  re- 
mained in the plasma. Rate zonal ultracentrifugation 
in two different density gradients  confirmed  the  clear- 
ance of LDL during LPL inhibition: LDL was clearly 
resolved in the plasma of control  roosters,  but could 
not be detected in plasma from  experimental  roosters 
(Figs. 2 and 4). 

The inhibition of LPL activity caused a  logarithmic 
decrease in HDL  cholesterol with a half-life of 6 hr. 
Calculations based on  the  mean values of these 
separate  time  course  experiments gave the following 
results: the total cholesterol increase in  VLDL was 
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Fig. 8. Gel filtration of lipoproteins from control  and anti-LPL 
treated roosters. Lipoproteins obtained by ultracentrifugation of 
equal volumes of control (0 -0) and anti-LPL (0 -0 )  
treated rooster serum adjusted to density 1.21 g/ml were concen- 
trated by ultrafiltration and  applied to a 1.6 x 88 cm Biogel A5M 
column.  Column  eluates were monitored by absorbance at 280 nm. 
Standard proteins,  bovine  serum albumin, aldolase, catalase, and 
ferritin with Stokes’ radii of 61.0, 52.2,  48.1,  and  35.5 A, respec- 
tively, had elution  volumes as indicated by arrows. 

7.9 mg/100 ml plasma during  the first hour of in- 
hibition, while the decreases in  LDL cholesterol  and 
HDL cholesterol were 3.3 and 4.7 mg/100 ml plasma, 
respectively, or a total of 8.0 mg/100 ml of cholesterol 
removed  from the plasma. The close correspondence 
of cholesterol  secretion and removal during  the first 
hour of  LPL inhibition suggests that in the  normal 
bird  both the LDL and the  HDL  cholesterol  originated 
as  VLDL cholesterol which is transferred to the  higher 
density fractions during  the hydrolysis of VLDL tri- 
glyceride. These calculations are somewhat simplified 
since they do not  consider the  transfer of free choles- 
terol  from  HDL  to  nascent VLDL or  the  free choles- 
terol  secreted in association with nascent  HDL. 

Both the LDL and  the HDL  fractions isolated 
after 8 hr of  LPL inhibition  had chemical compositions 
different  from  that of the  control  fractions.  When the 
1.006 to 1.063 g/ml density fraction  from  a  large 
volume of plasma pooled from two  LPL inhibited 
roosters was isolated by sequential  ultracentrifugation 
and subjected to chemical analyses, the composition 
resembled that of VLDL (8): the  experimental LDL 
contained  much less cholesterol and  more  triglyceride 
per mg of LDL protein  than  the  control LDL. These 
findings are compatible with the  results of Sniderman, 
et a1 (27) which demonstrate  that LDL is modified 
during its passage through  the splanchnic bed in 
humans:  the LDL from blood collected in the hepatic 
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vein  contained 8 mg/100 ml less cholesterol  and 7.8 
mg/100 ml more  triglyceride  for  the  same  amount  of 
B protein  as  aortic  LDL.  In  our  experiments,  the 
8-hr  experimental  LDL  fraction  contained  24.6% 
less cholesterol  and 33.2% more  triglyceride  on a 
weight  percent basis. The large  differences  between 
our  two LDL  fractions  may  result  from  multiple 
passages  of  LDL  particles  through  the  splanchnic 
bed  over  the  8-hr  experimental  period in the  absence 
of  LDL  production.  Alternatively,  the  direct  exchange 
of LDL  cholesteryl  ester  and  VLDL  triglyceride by 
exchange  proteins  in  the  plasma  compartment  might 
also  contribute  to  the  observed  compositional  modi- 
fications of LDL (28). 

Similarly  to  experimental  LDL,  the  experimental 
HDL  contained  proportionately less cholesterol  and 
more  triglyceride  than  control  HDL.  The  ratio  of 
free  cholesterol  to  cholesteryl  ester  decreased  from 
0.36  to 0.22 over  the  8-hr  experimental  period.  The 
decrease  in  the  percent of total  cholesterol  of  the  HDL 
fraction is mostly due  to  a decrease  in  free  cholesterol. 
The  higher  concentration of lipid  surface  components 
in  the  HDL  of  control  birds  might  be  due  to a transfer 
of  these  components  from  the  VLDL  fraction  to  the 
HDL  fraction  during  the lipolysis of  VLDL  triglycer- 
ide.  Such a transfer  of  surface  components  from 
VLDL  to  HDL  during lipolysis in  vitro  has  been  re- 
ported by Patsch et  al. (5) .  When  human  VLDL  and 
HDL, were incubated  together  in  the  presence  of 
bovine milk LPL, a  new  particle  similar  to  native 
human  HDL2 was formed.  This  “HDL2”  fraction  con- 
tained  proportionately  more  free  cholesterol  and 
more  phospholipid  than HDL,. Equilibrium  ultra- 
centrifugation  showed  that  the  “HDL2”  particle was 
less dense  than HDL,. In  the  present  in vivo studies, 
the  control particles  were  clearly less dense  and  larger 
than  the  experimental  HDL  particles  (Figs. 7 and  8). 

The present  studies  delineate,  in vivo, the  effects 
on all lipoprotein  fractions  of a  highly  specific and 
quantitative  blockage  of lipolysis. T h e  observed 
changes  in  concentration  and  composition of various 
lipoprotein  fractions  are  consistent with the  hypothe- 
sis that  lipid and  apolipoprotein  constituents  leaving 
the  surface of  triglyceride-rich  lipoproteins  during 
their catabolic degradation  contribute  to  the mass  of 
HDL  subfractions. In  addition,  the  results  support  the 
view that  in  normolipemic  roosters  most  of  the  LDL 
fraction is a  catabolic product  of  VLDL.M 
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