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SUMMARY: Very low density lipoprotein (VLDL) has been isolated from 
normal (n) and dietary-induced hypercholesterolemic (hc) rabbits. 
Incorporation of the fluorescent probe, 1,6-diphenyl-1,3,5-hexatriene 
into the lipid domains of both n VLDL and hc VLDL allowed assessment 
of the fluidity characteristics of these particles, utilizing fluo- 
rescence polarization techniques. Over the temperature range of 
50 - 450, the lipid region of n VLDL consists of an invariant phase, 
characterized by a microviscosity, n, at 30° of 0.6 + 0.2 poise and a 
fusion activation energy, AE, of 7.6 f 1.5 kcal/mole. The lipid 
region of hc VLDL, over the same temperature range, also is invariant 
and is characterized by a value of n at 300 of 4.6 + 0.3 poise, and 
a AE of 7.8 f 1.5 kcal/mole. Thus, large differences in the fluidit 
of the lipid in n VLDL and hc VLDL are evident, most probably due t0 
the greatly increased content of cholesterol esters in hc VLDL, com- 
pared to n VLDL. 

It is well known that hypercholesterolemia is induced in rabbits 

upon intake of cholesterol rich diets (1,2). As result, the nature 

of the serum lipoproteins, especially very low density lipoprotein 

(VLDL) , is considerably altered (1). In hypercholesterolemic (hc) 

rabbits, greatly elevated concentrations of VLDL exist (3), which 

possess strikingly different lipid compositions, when compared to VLI 

isolated from normal rabbits (3,4). In particular, large increases i 

cholesterol ester content and large decreases in triglyceride content 

are observed in hc VLDL, when compared to normal (3,4). 

Previous work (5) has shown that incorporation of cholesterol 

into phospholipid vesicles results in a marked increase in the 
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rigidity and internal order of the resulting vesicle. As part of 

our recent studies on the role of circulating lipoproteins in blood 

coagulation processes (6), we have assessed the very low density 

lipoproteins from normal and hypercholesterolemic rabbits in regard 

to their comparative stimulation of prothrombin activation (7). In 

order to attempt to account for the differences observed, we wish 

to study structural differences in the lipid phases of these classes 

of VLDL. In the present communication, we report on the hydrocarbon 

fluidity, possible phase transitions, and fusion activation energies 

of the lipid phases in normal (n) and hyperchloesterolemic (hc) VLDL 

by fluorescence polarization techniques. 

MATERIALS AND METHODS 

Animal treatment. Commerically purchased New Zealand white 

rabbits were maintained on Purina @ rabbit chow for 2-3 weeks. After 

this time, the rabbits were fasted for 3-4 hours to allow chylomicron 

clearance, and the blood removed by suction from an ear vein. The 

serum subsequently obtained was utilized for preparation of n VLDL. 

In order to induce dietary hypercholesterolemia, another group 

of animals were fed rabbit chow, supplemented with 2% cholesterol 

(U.S. Biochemical Corporation, Cleveland, Ohio). When the total 

serum cholesterol level exceeded 1500 mg/lOO ml, the animals were bled 

as above, and the serum obtained. 

Isolation of lipoproteins. The serum obtained from the above - 

rabbits was utilized to prepared n VLDL and hc VLDL (density cl.019 

g/ml) . The serum was diluted (1:2 for normal and 1:6 for h.c.) with 

0.15 M NaCl, pH 7.4 (density = 1.005 g/ml) (8) and centrifuged in a 

Beckman Model L5-65 ultracentrifuge, utilizing a Beckman 60 Ti rotor, 

at 37,000 rpm and 4O for 16 hours. The VLDL was then removed from 

the top 2 ml of the centrifuge tubes. After isolation, the VLDL 

samples were dialyzed against 0.005 M Tris-I-ICI, 0.15 M NaCl, pH 7.4, 
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at 4O. The resulting samples were concentrated to a suitable volume 

by pressure filtration and stored under N2 at 4O. 

Fluorescence polarization analysis. The VLDL preparations were 

adjusted to ca. 0.3 VM phospholipid (9) and labeled to the extent of - 

ca. 0.05 ?JM with 1,6-diphenyl-1,3,5-hexatriene (DPH), essentially as - 

described by others (5). After full incorporation of the dye (ca. - 

2-3 hours at 35O), the samples were diluted to 0.01 FM in phospho- 

lipid, prior to analysis. 

Fluorescence polarization measurements were performed at various 

temperatures utilizing an Elscint Model MV-la fluorescence polariza- 

tion apparatus. DPH was excited at 365 nm and for emission, a cut- 

off filter for wavelengths below 418 nm was used. The methodology 

was similar to that described by Shinitzky and Barenholz (10). In 

all cases, the samples were continuously diluted until a constant 

polarization value was obtained in order to correct for possible 

depolarization due to light scatter. Microviscosity values were 

determined from the modified Perrin equation, using the relationship 

ro/r = 1 + [kTT]/InV(r)l. Here, r. is the limiting anisotropy; r, 

the measured anisotropy; k, Boltzmann's constant; T, the absolute 

temperature; r, the lifetime of the excited state; n, the viscosity 

of the medium; and V (r.) ' 
a parameter relating to the molecular shape 

of the fluorescent probe. Based on the above equation, a standard 

curve of the degree of depolarization (ro/r) versus the quantity 
T-c r;- was constructed in white oil U.S.P. 35 (10). Measurement of the 

value ro/r (obtained as r/r0 directly from the instrument), allowed 

calculation of n, with knowledge of T and r. Values of r were 

obtained at various temperatures by means of a Cerenkov pulse pro- 

duced by a Van der Graaf electron accelerator, utilizing the method- 

ology previously described (11). 

Analytical procedures. Total and free serum cholesterol levels 
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were dE:te.rmined as described by Crawford (12), except that we eval- 

uated cholesterol content :t)ased on a standard cholesterol curve, 

rather than on a single level of cholesterol. 

RESYJLTS AND DISCUSSION 

In this study, fluidi,ty properties of VLDL, isolated from normal 

rabbits (serum total cholesterol = 95 + 5 mg/lOO ml) and hype,r- 

cholesterolemic rabbits (serum total cholesterol = 2200 t 100 mg/lOO 

ml), have been determined. In the isolated lipoproteins, n VLDL 

contained 5.6 t 0.3% free cholesterol and 10.1 + 0.9% esterified 

cholesterol; whereas, hc VLDL contained 19 f. 1% free cholesterol and 

52 ?r 2.5% esterified cholesterol. This confirms earlier work (3,4) 

showing the existence of increased levels of total cholesterol in VLDL 

from hypercholesterolemic rabbits, and attests to the appropriateness 

of our preparations. Fluorescence polarization measurements of DPH, 

dissolved in the lipid phase of n VLDL and hc VLDL, coupled with 

fluorescence lifetime (.c) determinations, allowed calculation of 

microviscosity values of 0.6 f 0.2 poise to be determined for n VLDL 

at 30° and 4.6 ? 0.3 poise to be determined for hc VLDL, at the same 

temperature. This large increase in lipid microviscosity for hc VLDL, 

compared to n VLDL, is likely due to the greatly increased levels 

of cholesterol and cholesterol esters in hc VLDL. Previous studies 

have shown that addition of cholesterol to egg lecithin and 

dipalmitoyllecithin vesicles greatly increased the microviscosity of 

the lipid phase (5). For example, the microviscosity of dipalmitoyl- 

lecithin at 25O increased approximately 5.6 fold in dipalmitoyllec- 

ithin-cholesterol (3:l) mixtures (5). This microviscosity change, 

observed in synthetic bilayer vesicles, is in line with the change 

which we observe upon physiological incorporation of cholesterol and 

cholesterol esters in a circulating particle (VLDL). Thus, the fact 

that VLDL consists of a mixture of peptides, as well as differing 
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Figure 1. The temperature dependence, plotted as 1/T, of the 
lipid microviscosity, plotted as In nr of normal VLDL (0), and hc 
VLDL (0). Fusion activation energies, LIE, were calculated from the 
slopes of these particular curves. 

classes of lipids does not alter the fact that cholesterol and 

cholesterol esters incorporation greatly increases the rigidity of 

the lipid phase. In addition, it had not previously been shown that 

cholesterol esters acted to increase the lipid microviscosity, as 

did unesterified cholesterol. Since most of the cholesterol which 

is incorporated into hc VLDL is in its esterified form, it is likely 

that cholesterol esters behave qualitatively similar to cholesterol 

with regard to this property. 

The temperature dependence of the microviscosity of n VLDL and 

hc VLDL was plotted according to the equation (10): 

where n is the microviscosity; R, the gas constant; T, the absolute 

temperature; and AE, the fusion activation energy. These plots are 

shown in Figure 1. Each lipoprotein consists of a constant liquid 

crystalline phase over the temperature range of 5O - 45O. This phase 

is characterized by a AE of 7.6 ? 1.5 kcal/mole for n VLDL, and 7.8 ! 

1.5 kcal/mole for hc VLDL. No phase transitions were observed in 
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either sample. Thus, this particular property is simrilar for bc,th 

n and hc VLDL. 

In conclusion, we have shown that the fluidity properties of the 

lipid phase of n VLDL and hc VLDL are considerably different. This 

difference may have relevance to the differing abilities of n and hc 

VLDL to substitute for phospholipid in blood coagulation activation 

mechanisms, as well as other functional properties of this important 

lipoprotein class. 
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