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Abstract 

The physical state of lipids in arterial smooth muscle cells (SMC) may contribute to lipid accumulation 
following injury. We have previously demonstrated that herpes simplex virus (HSV) infection alters the 
physical state of the neutral lipid accumulating in arterial SMC, as determined by differential scanning 
calorimetry (Biochem. J. 268 (1990) 693-697). To more precisely determine the molecular packing of neutral 
lipids in HSV-infected cells, the influence of HSV-infection on the thermotropic and phase-behavior of the 
lipids in intact arterial smooth muscle cells and in cell-free lipid extracts was evaluated using [‘HI-NMR, 
employing U-[*HI-oleic acid incorporated into cells. Inspection of the [*HI-line-widths indicate that the lipid 
of HSV-infected cells exhibited more restricted motion or a greater chemical shift dispersity than lipids from 
uninfected cells, as evidenced by significant broadening of the -CD=CD- signals at 2S’C and 45°C. Fatty acid 
compositional analysis of the neutral lipids of control and HSV-infected cells following C18: 1 supplementa- 
tion (an amount added similar to the NMR experiments) reveals that: (1) there is approximately SS-fold more 
triacylglycerols (TG) than cholesteryl esters (CE) in control cells and 40.fold more TG than CE in the 
HSV-infected cells; (2) HSV infection significantly increases the Cl8 : 1 content of CE, and C16: 3 and C20 : 4 
in TG; and (3) HSV-infection does not alter the ratio of TG to CE. These data support the hypothesis that the 
greater restriction of the neutral lipids in HSV-infected cells may he due to the rigidifying effects of Cl8 : 1 on 
lipid mobility. Thus, allcrations in the physical state of neutral lipids in HSV-infected cells may lead to 
reduced CE hydrolysis which, in turn, may contribute to or exacerbate lipid accumulation. 
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1. Introduction 

Cholesteryl esters (CE)” and triacylglycerols 

Correspondence to: Dr. David P. Hajjar, Departments of 
Biochemistry and Pathology, Cornell University Medical Col- 
lege, 1300 York Ave., New York, NY 10021 (USA). 

(TG) are the major neutral lipid constituents in 
vascular and non-vascular tissue, and represent 
storage pools of cholesterol and fatty acid, re- 
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spectively [1,21. Free cholesterol functions to 
maintain specific lipid/protein interactions and 
control membrane structural integrity [3]. These 
functions are dependent upon cholesterol traf- 
ficking from lysosomal and cytoplasmic pools to 
other membranes. Cellular TG is an important 
energy source in cells utilizing aerobic respira- 
tion, and is important in the maintenance of ATP 
generation via aerobic respiration. Although the 
TG pool is normally low, the flux of fatty acids 
through the TG pool is fairly high, suggesting its 
importance as a readily accessible source of fatty 
acid. 

However, TG and CE often accumulate under 
specific pathological conditions, including cell in- 
jury, lipid storage diseases, and atherosclerosis 
[ll. The biochemica1 mechanisms responsible for 
neutral lipid accumulation are complex, and are 
due to specific enzyme deficiencies, defects in 
metabolism, hypoxia, alterations in exogenous 
(dietary) sources [1,2], and viral infection [4,51. In 
studies previously reported by our laboratory, 
neutral lipid accumulates in human and non-hu- 
man arterial smooth muscle cells @MC) following 
herpesvirus infection. This is due principally to a 
reduction of CE hydrolases as a consequence of 
decreased DNA transcription and host protein 
synthesis [5-71 resulting in CE accumulation [6,7]. 

In additional experiments, we explored the 
possibility that herpesvirus infection of arterial 
SMC alters the physiochemical state of the esteri- 
fied lipid, rendering it less susceptible to lipolysis 
181. Accordingly, the structural characteristics of 
the neutral lipid of SMC following HSV infection 
were examined by differential scanning calorime- 
try (DSC) [8]. Broadening of the transition tem- 
perature and a large increase in the absorbed 
enthalpy were observed by DSC measurements of 
HSV-infected cells relative to uninfected con- 

Abbreviations used in this text: CE-cholesteryl ester, TG-tri- 
acylglycerol, Cl6 : 0-palmitic acid, Cl8 : 0-stearic acid, 
Cl8: I-oleic acid, Cl8 : 2-linoleic acid, Cl8 : 34inolenic acid 
C20 :4-arachidonic acid, SMC-smooth muscle cells, HSV- 
herpes simplex virus type 1, BSA-bovine serum albumin, 
PUFA-polyunsaturated fatty acids, SFA-saturated fatty acids, 
ACEH-acid cholesteryl ester hydrolase. 
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trols. These preliminary studies indicated that the 
neutral lipid was in a restricted state. Correlation 
of the DSC data with biochemical analysis of the 
neutral lipids in HSV-infected cells suggested that 
the increase in enthalpy was due to an increase in 
CE relative to TG, with a corresponding decrease 
in the ratio of polyunsaturated to saturated fatty 
acids. The physical state of neutra1 lipid does not 
favor hydrolysis, and may thus promote net neu- 
tral lipid retention [8]. 

Owing to the limitations of the DSC tech- 
nique, no further predictions could be made re- 
garding the conformation of the TG or CE in 
virally injured cells. Under favorable conditions, 
dcuterium nuclear magnetic resonance ([‘HI- 
NMR) studies of labeled lipids can provide im- 
portant details about the conformations and 
molecular packing of the hydrocarbon chains of 
CE and TG [9]. In addition, quadrupolar interac- 
tions provide a simple measure of the local order 
of the C-D bond. Thus, the use of [‘HI-NMR 
could provide additional information regarding 
the physical state of neutral lipids under normal 
conditions and under conditions of herpesviral 
infection. Accordingly, we report [ *HI-NMR 
spectra that characterize the molecular motions 
and thermotropic phase behavior of TG and CE 
accumulations following HSV infection of arterial 
SMC. These NMR studies are correlated with the 
TG and CE fatty acid composition; and, the 
CE/TG conformation in HSV-infected cells is 
proposed regarding the physiochemical nature of 
the lipid and its impact on the CE metabolic 
cycle. 

2. Materials and methods 

2. I Materials 

Medium 199, penicillin/ streptomycin, and 

fungizone (amphotericin B) were obtained from 
Gibco (Grand Island, NY). Fetal-bovine serum 
(heat-inactivated) was purchased from Hyclone 
(Logan, UT). B ovine serum albumin (fatty-acid- 
free, fraction V> was purchased from Sigma 
Chemical Co. (St. Louis, MO). Perdeuterated U- 
[ ‘HI-oleic acid was purchased from Cambridge 
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Isotope Laboratories (Woburn, MA). Triolein, di- 
olein, monoolein, cholesteryl oleate, cholesterol 
methyl ester, and fatty acid methyl esters (Cl4 : 0 
through C20: 4, GLC standards) were obtained 
from Nu-Chek Prep (Elysian, MN). Diheine- 
icosanoylphosphatidylcholine was obtained from 
Avanti Polar Lipids, (Pelham, AL). Boron trifIuo- 
ride (15% in methanol) was obtained from All- 
tech (Deerfield, IL). All organic solvents (HPLC 
grade) and other biochemicals (reagent grade) 
were obtained from Fischer Scientific (Spring- 
field, NJ). 

2.2 isolation and culture of rat aortic smooth- 
muscle cells (SMC) 

Smooth muscle cells from thoracic aorta were 
isolated and cultured as previously described [6,71. 
Cells were identified as arterial SMC by their 
‘hill and valley’ configuration at confluence, as 
assessed by phase-contrast microscopy. Smooth 
muscle cells were induced to accumulate lipid by 
infection with HSV (HSV Type 1, from ATCC, 
Rockville, MD), as previously described [6,7]. 
Prior to analysis, cells were washed three times in 
phosphate-buffered saline (PBS, pH 7.4) contain- 
ing 0.1% BSA, followed by washing in protein-free 
PBS. 

serum containing 40 mg [*HI-oleic acid (de- 
uterated in all positions). Cells were then har- 
vested by scraping into PBS, centrifuged, and 
then lipid-extracted according to the method of 
Folch et al. [lo]. The extracted lipid was then 
resuspended in PBS/ethanol for comparative 
NMR analyses to the intact cells [ll]. 

2.3.3 NMR analysis 
Deuterium NMR spectra were obtained on a 

wide-bore superconducting Nicolet Technologies 
NT-300 spectrometer operating at 300 MHz pro- 
ton and 46 MHz deuterium frequencies running 
unlocked in the pulsed FT mode using quadra- 
ture detection. Spectra were generated from a 
standard one-pulse sequence and collected with 
8192 real data points over a sweep width of - 1 
to 10 ppm, 507.098 Hz. The acquisition time was 
4.04 s and an interpulse delay of 1 s was used. 
Sixty-four scans were acquired per data block and 
a 90” pulse of about 35 ps was used. The deu- 
terium chemical shift scale was assigned approxi- 
mately and indirectly by setting the D,O offset of 
a standard sample of 100% D,O to 4.67 ppm at 
the spectrometer frequency used to collect the 
spectra. Prior to Fourier transformation, the raw 
NMR data was treated with an exponential 
weighting function using a 1.0 Hz line broaden- 
ing. 

2.3 NMR analysis 
2.4 Neutral lipid analysis 

2.3.1 Preparation of intact cells 
Confluent SMC (120 x 10”) were mock-in- 

fected or infected with HSV (Type 1) as previ- 
ously described [6] for 24 hours at a multiplicity 
of infection (MO0 of 0.05 in Medium 199 con- 
taining 10% serum and 40 mg Uj2Hl-oleic acid. 
Cells were then harvested into t 0% methanol in 
PBS after washing, and analyzed by NMR as 
described below. We stirred the cell preparation 
prior to NMR analysis since we observed some 
cell settling. 

2.3.2 Preparation of cell lipid extracts 
Confluent SMC (120 X 106) were mock-in- 

fected or infected with HSV (type 1) as previously 
described [6] for 24 hours at a multiplicity of 
infection (MOI) of 0.05 in Medium 199 plus 10% 

Control and HSV-infected SMC (MO1 of 0.5 
for 2.0 hours) in 75 cm* flasks were incubated in 
M-199 containing 10% fetal bovine serum in the 
presence or absence of oleic acid (50 kg/ml) for 
24 hours. After washing in PBS, cell lipids were 
extracted into hexane/ propane-Z01 (3 : 2, v/v) 
according to the method of Hara and Randin 
[12]. Cell lipids were then separated on silica-gel 
H (Analtech) by sequential development in 
petroleum ether: ether : acetic acid (97 : 100 : 3, 
v/v/v) followed by petroleum ether : ether (97 : 3, 
v/v> [13]. The TG and CE regions were visualized 
under UV light using Rhodamine 6G. After ap- 
plication of 1,2-diheineicosanoylphosphatidylcho- 
line (25 pg) to each spot, lipids were extracted 
into benzene, and derivatized to their corre- 
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sponding fatty acid methyl esters using 14% boron 
trifluoride in methanol. The corresponding fatty 
acid methyl esters were separated and quantified 
by GLC using a Hewlett Packard GLC (Model 
SSSO>, equipped with a 6 ft SP-2340 packed col- 
umn (Supelco) employing a thermal gradient as 
follows: 15O”C/4 min, S”C/min to a final temper- 
ature of 215°C. Quantification of each fatty acid 
methyl ester was based on absorbance/mass ra- 
tios of methylheineicosanoate towards the ab- 
sorbance areas of each unknown. In previous 
control studies, extraction of stock HSV-type 1 
demonstrated no detectable TG or CE [61, indi- 
cating that the HSV preparation itself does not 
contribute neutral lipid to the cellular prepara- 
tions. 

All data were then normalized to protein, de- 
termined by the method of Lowry et al. using 
bovine serum albumin as standard [14]. 

25” C 

10 8 6 4 

Control cells 
45” c 
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2.5 Statistical analyses 

Results of these experiments were analyzed 
either by Student’s t test or by analysis of vari- 
ance. Differences between treatments were eval- 
uated using Fischer’s test. 

3. Results and discussion 

In an attempt to define the mechanisms by 
which cholesterol crystals appear in atheroscle- 
rotic lesions, original studies by Small et al. re- 
vealed that complex mixtures of neutral and polar 
lipid exhibited limiting degrees of solubility, and 
precipitated cholesterol under conditions ob- 
served in atherosclerotic plaques [15]. Based on 
these observations, Small, and subsequently oth- 
ers, have demonstrated that the chemical compo- 

HSV -inlected cells 

25” c 

-CDr 

-CD=CD - 

HSV kfected cells 
45” c 

2 0 PPM 

_\ d1-i” , , , , , , , 
10 6 6 4 2 0 PPM 

Fig. 1. Deuterium NMR spectra of uninfected (control) and herpesvirus (HSWinfected arterial SMC following 24 h pulse of 
[‘HI-oleic acid at 25°C and 45°C. Cells were suspended in 4 ml PBS/ethanol for the NMR analyses. Insert: NMR spectra of the 
substrate alone, [*HI-oleic acid, provided for reference purposes. The spectra shown is representative of three separate 
experiments. Line-width measurements for the control cells at 25°C are 2.5 Hz for the -CD=CD- group and 22.8 Hz for the 
-CD,- group; at 4X, the -CD=CD- group linewidth is 5.1 Hz and the -CD,- group is 17.8 Hz. In the HSV-infected cells at 
25”C, the -CD=CD- line-width is 7.6 Hz and the -CD,- is 33.0 Hz at 4X, the -CD=CD- group line-width is 7.6 Hz and the 

-CD,- group is 17.8 Hz. 
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sition of cellular lipid can strongly determine its 
physical state and hence, its mobilization by cellu- 
lar lipases [8,16,17]. Thus, alterations in the phys- 
ical state of neutral lipid secondary to changes in 
its chemical composition may result from de- 
creased TG/CE hydrolysis, leading to subse- 
quent lipid accumulation. 

We have previously demonstrated that HSV- 
infection of SMC results in significant CE accu- 
mulation, due, in part, to reduction in cholesteryl 
ester hydrolase activities [5-7,181. However, the 
reduction in the lipase content was not sufficient 
to account for the degree of CE accretion. In 
additional studies, we then tested the hypothesis 
that the physical state of the neutral lipids that 
accumulate following HSV-infection may be such 
that they are poorer substrates for lipolytic en- 
zymes, thus promoting net neutral lipid accumu- 
lation. Using differential scanning calorimetry, we 
discovered that the neutral lipids in sub-acute 
HSV-infected SMC were isotropic, due to a refa- 
tive increase in CE relative to TG, with a con- 
comitant shift toward saturated fatty acids [8]. 
However, due to the limitations of this technique, 
no further predictions could be made regarding 
the molecular packing of CE and TG, and the 
influence of alterations in the fatty acid composi- 
tion to the phase behavior described by these 
lipids. To examine these questions, we employed 
[ 2 HI-NMR using uniformly labelled perdeuter- 
ated oleic acid as a lipid-specific probe to analyze 
order-disorder transitions and phase behavior of 
cellular lipid [9,11] in acutely infected cells, with 
preferential emphasis on TG and CE. As shown 
in Fig. 1, HSV infection of intact cells caused a 
marked broadening of the -CD=CD-NMR-sig- 
nals (7.6 Hz) when compared to uninfected cells 
(2.5 Hz) at 25°C (at 4X, the differences were 7.6 
Hz vs 5.1 Hz). These findings suggest that the 
-CD=CD- bond in the environment of packed 
TG/CE molecules is either more constrained 
than in uninfected cells and/or it exhibits greater 
chemical heterogeneity. To determine if this ef- 
fect was due specifically to the effects of HSV on 
alterations in cehular lipid, [2H]-NMR spectra of 
cell lipid extracts following HSV-infection was 
also performed. The lipid extract contained 
mainly TG and CE which represents > 95% of 

Control: TG/CE 
extract 

HSV: TGlCE 
extract 

10 8 6 4 2 0 PPM 

Fig. 2. Deuterium NMR spectra of cellular lipid extracts 
(composed mostly of TG and CE) from uninfected and HSV- 
infected arterial SMC at 25°C. Cells were exposed to 40 mg 
[*HI-oleic acid/120X106 cells at 37°C for 24 h prior to 
harvest and lipid extraction. Extracts were resuspended in 4 
ml ethanol/PBS for NMR analyses. The spectra shown in 
representative of two separate experiments. Using the control 
extract, line-width measurements for the -CD=CD- group is 
5.1 Hz and 20.3 Hz for the -CD,- group. Using the HSV 
extract, line-width measurements for the -CD=CD- group is 

7.6 Hz and for the -CD,- group, 35.5 Hz. 

the oleic acid in free and esterified form. A large 
increase in the line width of the -CD=CD- NMR 
signals groups in the cell lipid extract derived 
from HSV-infected cells (7.6 Hz) compared to 
the cell lipid extract derived from control cells 
(5.1 Hz) was not only preserved, but also more 
apparent than in intact cells (Fig. 2). It appears 
that the broadening of the peaks are due to the 
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differences in the distribution of the oleic acid in 
the TG or CE, or to a greater rigidity of esterified 
lipid in the HSV-infected cells. 

The biochemical elements which confer a par- 
ticular physical state (anisotropy or restriction vs. 
isotropy) to neutral lipids include the relative 
amounts of TG and CE, as well as the fatty acid 

A. (-1 Cl&l 
2.0 
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profile of each [8]. Since mono- and diacylglyc- 
erols constitute less than 5% of total neutral 
lipid, their contribution to the total neutral lipid 
compartment is of minor significance, and was 
not assessed in this study. Accordingly, the fatty 
acid mass and profile of TG and CE in unin- 
fected and HSV-infected cells was determined. In 

8. (t) c1a:i 

r 20 

l&O 16:l 18x) 18:l 181 183 20:4 16~0 16:l 16x) l&l 1.92 183 20:4 

TRIACYLGLYCEROL FATTY ACID 

B. (+I Cl&l 

0 
163 180 l&l 182 163 20:4 10x) 169 18:l l&2 163 20:4 

CHOLESTERYL ESTER FATTY ACID 
Fig. 3. Arterial SMC triacylglycerol (TG) and cholesteryl ester (CE) fatty acid composition: influence of HSV-infection and C18: 1 
supplementation. TG and CE from confluent cultures of control (open bars) and HSV-infected (closed bars) SMC incubated in the 
absence (panel A) and presence (panel B) of oleic acid were extracted into hexane/propan-2-01 (3/2, v/v), separated from other 
cell lipids by TLC, and transmethylated using BF, /methanol (15%) and diheineicosanoylphosphatidyl choline (25 pg) as internal 
standard. The corresponding fatty acid methyl esters were quantified by GLC as described in Section 2.4. Results are expressed as 

meankstandard error of measurement, each sample performed in duplicate. 
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addition, to evaluate the effects of the deuterated 
probe on potential alterations in lipid composi- 
tion, uninfected and HSV-infected cells were ex- 
posed to exogenous (unlabelled) oleic acid prior 
to cell lipid analysis. 

In Fig. 3(A), we show that HSV-infection of 
rat arterial SMC increased TG fatty acid content 
approximately 3-fold, from 1.0 k 0.1 pg fatty 
acid/mg protein in the control cells to 3.1 f 0.7 
pg/mg protein following HSV infection. The al- 
terations in the TG fatty acid profile in response 
to HSV infection are fatty acid specific; the largest 
increases are seen in C18; 1 and in C18:O on an 
absolute basis. The polyunsaturated fatty acids, 
Cl8 : 3 and C20 : 4, of TG are low in normal cells, 
but are also significantly increased by HSV infec- 
tion (Fig. 3A). In Fig. 3(B), we show that oleic 
acid supplementation of uninfected SMC results 
in a 16-fold increase in total TG fatty acid (16.5 
k 0.2 pg/mg protein) compared to the results of 
the TG fatty acid profile shown in Fig. 3(A). 
Lipid analysis following Cl8 : 1 supplementation 
was done to assess the fatty acid profile of the 
TG (and CE) under conditions similar to the 
NMR experiments. Supplementation of HSV-in- 
fected SMC with Cl8 : 1 also leads to an increase 
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in total fatty acid TG content (19.7 f 2.5 pg/mg 
protein) compared to the results shown in Fig. 
3(A) for the HSV-infected group. However, only 
Cl8 : 3 and C20 : 4 in the TG are increased rela- 
tive to uninfected cells following C18: 1 chal- 
lenge. 

A similar pattern of results were observed in 
the CE of arterial cells. There was little CE fatty 
acid in control cells (66 + 2 ng/mg protein), most 
of which was C18: 1, with lesser amounts of 
C16:0, C18: 0, and polyunsaturated fatty acids 
(Fig. 3 A). HSV-infection of rat arterial SMC 
increased CE fatty acid approximately 2-fold (142 
f 26 ng/mg protein), which was due principally 
to an increase in C18: 1 and Cl60 (Fig. 3A). 
Oleic acid supplementation of uninfected cells 
increased total CE fatty acid 4-fold (280 f 20 
ng/mg protein), due strictly to increased C18: 1, 
with no significant alteration in the content of 
other fatty acids (Fig. 3B). Importantly, supple- 
mentation of HSV-infected SMC with Cl8 : 1 (Fig. 
3B) increased total CE fatty acid content (514 k 
125 ng/mg protein). 

Finally, to define more precisely which neutral 
lipid may be of quantitative importance in deter- 
mining phase behavior, and to evaluate the possi- 

75 

60 

E. (+I C18:l 

FATTY ACID 
Fig. 4. HSV-infection increases the TG/CE ratio in arterial SMC (closed bars) in the absence of oleic acid ((218: 1) supplementa- 
tion (panel A) but not in the presence of oleic acid supplementation (panel B). Uninfected cells are represented by open bars. 

Results are expressed as mean of each ratio, each sample performed in duplicate. 



262 D.P. Haijar et al. / Biophys. Chem. 43 (1992) 255-263 

bility that the trafficking of oleic acid into neutral 
lipid is preferential, the influence of HSV-infec- 
tion and Cl8: 1 supplementation on the TG/CE 
mass ratio was then examined. Control cells pos- 
sess 12 & 2 fold more TG than CE. The ratio of 
TG/CE in non-supplemented cells is summa- 
rized in Fig. 4(A). HSV-infection of SMC in- 
creased the TG/CE ratio to 23 & 4, with specific 
increases in Cl8 : 1, Cl8 : 3, and C20 : 4 (Fig. 4A), 
indicating that HSV-infection preferentially in- 
creases the TG content. Oleic acid supplementa- 
tion of control cells increased the TG/CE ratio 
over four-fold to 49 k 5 owing to an increase in 
each fatty acid (Fig. 4B). This demonstrates that 
oleic acid, when added exogenously, is preferen- 
tially incorporated into TG, and may stimulate 
the incorporation of all other fatty acids into TG 
(Fig. 4B). Importantly, oleic acid supplementation 
of HSV-infected cells reduces the TG/CE ratio 
(34 + 5) relative to uninfected cells co-incubated 
with exogenous oleic acid. There are consistent 
trends with each fatty acid (Fig. 4B), suggesting 
that oleic acid supplementation of HSV infection 
predisposes to increased CE accretion relative to 
TG. 

Since the physical state of neutral lipid is also 
dependent upon the relative contribution of 
PUFA to SFA, the ratios of these fatty acids were 
compared. HSV-infection did not alter the 
PUFA/SFA ratio in either TG or CE relative to 
uninfected SMC (data not shown). However, oleic 
acid supplementation itself increased TG (0.5 4 
0.04 vs. 0.2 k 0.04) and CE (0.5 f 0.05 vs. 0.2 ? 
0.05) PUFA/SFA ratio in uninfected cells, but 
did not alter the PUFA/SFA ratio in HSV-in- 
fected SMC (data not shown). These data demon- 
strate that while oleic acid itself can alter the 
PUFA/SFA ratio, the influence of this alteration 
may be minor since the major effect appears to 
be the oleic acid accumulation following HSV-in- 
fection. 

In summary, the data described above demon- 
strate that HSV-infection of SMC stimulates TG 
and CE accumulation, with TG being the pre- 
ferred lipid pool. The largest specific increase 
was in the C18: 1 content, with lesser increments 
in Cl8 :3 and C20:4. In addition, C18: 1 in- 
creased the total fatty acid content of TG and 

CE, with TG the preferred pool; and, Cl8: 1 
supplementation reduced the specific effects of 
HSV infection on preferential C18: 1 accumula- 
tion. These observations suggest that the in- 
creased broadening of the -CD=CD- spectra 
representative of the neutral lipid in HSV-in- 
fected cells relative to uninfected SMC was due 
principally to increased C18: 1 in TG and CE. 

There is a larger broadening of the -CD=CD- 
spectra in the HSV-infected cells as compared to 
the controls, particularly when Cl8 : 1 supplemen- 
tation of both groups of cells produced no signifi- 
cant differences in the Cl8: 1 content of TG in 
the cell (Fig. 3B). Although differences do exist in 
the Cl8 : 1 CE content between the HSV-infected 
cells and the controls, the CE contribution to the 
broadening of the line widths is less than the TG 
contribution since there are 40 times more TG 
than CE in the infected cells following Cl8: 1 
supplementation. We speculate that the altered 
CE may influence in some manner the physical 
state of TG in the HSV-infected cells which could 
contribute to that broadening of the -CD=CD- 
NMR peak. Or, it may be that the fatty acyl 
chains are arranged differently in the TG of the 
infected cells resulting in greater chemical het- 
erogeneity and/or rigidity of the lipid which could 
explain the line-width broadening in these in- 
fected cells (Fig. 1). 

Clearance of CE is believed to depend on its 
physical state, which is ultimately dependent upon 
the composition of the lipid droplet. In some 
studies, it has been demonstrated that anisotropic 
CE-rich inclusions present in FuSAH and rabbit 
SMC efflux more slowly from cells than isotropic 
inclusions [19-211. However, more recent work 
using model dispersions has revealed that there 
was no appreciable difference in the hydrolysis 
rates of lipid inclusions between isotropic and 
anisotropic inclusions [22]. Such differences could 
be ascribed to the interfacial properties and size 
of the lipid droplets, the latter a reflection of 
differences in their biochemical composition. Us- 
ing model dispersions, the rate of hydrolysis of 
cholesteryl oleate by acid cholesteryl ester hydro- 
lase (ACEH) was less than hydrolysis rates of 
lipid droplets containing cholesteryl linoleate or 
cholesteryl stearate. Furthermore, the rate of 
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cholesteryl oleate hydrolysis by ACEH was re- 
duced in the presence of triolein 1221, demon- 
strating that TG can effectively behave as an 
alternate substrate for this enzyme. These obser- 
vations suggest that increased oleic acid may af- 
fect the interfacial packing of these lipids, render- 
ing these lipids less accessible to CE hydrolases 
in the HSV-infected cells. We speculate that any 
rigidifying effects of oleic acid in the packing of 
TG and CE may prevent CE/ACEH association. 

In human atherosclerotic lesions, non-esteri- 
fied and esterified cholesterol exists in several 
physical states [17,231. Fatty streaks are charac- 
terized by a single phase of CE in either an 
isotropic-liquid state or an anisotropic (dis- 
ordered) smectic (liquid-crystal) state [24]. Ad- 
vanced gruel plaques, which have a necrotic 
lipid-rich core, are characterized by three phases: 
(1) a cholesterol monohydrate crystal, (2) an oily 
CE phase, or (3) a lamellar phospholipid liquid- 
crystalline phase which is saturated with non- 
esterified and esterified cholesterol [17,23]. In 
either case, SMC accumulate CE/TG inclusions 
and evolve eventually into “foam” cells. Our find- 
ings now provide stronger evidence that injury to 
the vascular wall due to viral infection can lead to 
a predominance of CE and TG due not only to 
decreased translation of ACEH mRNA tran- 
scripts [7], but also due to the generation of 
neutral lipid droplets in the ordered, smectic, 
liquid-crystalline state which are hydrolyzed more 
slowly than CE in disordered, liquid state. These 
alterations may thus predispose to, or exacerbate 
lipid accumulation in response to injury. 
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