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Abstract-The effect of three pblockers: non-selective (propranolol), fl-selective (metoprolol), and 
with intrinsic sympathomimetic activity (pindolol), was investigated on “C-oleic acid incorporation into 
cholesteryl esters in mouse peritoneal macrophages. Incorporation of 14C-oleic acid into cholesteryl 
esters was reduced about lo-fold by propranolol at 10W4 M while incorporation into triacylglycerols was 
only 30% decreased at the same concentration. Metoprolol and pindolol had no significant effect on 
“‘C-oleic incorporation into cholesteryl esters or triacylglycerols. Finally, propranolol inhibited the acyl- 
coenzyme A:cholesterol-0-acyltransferase activity, measured in uitro on macrophages homogenates, 
while the other studied Pblockers were ineffective. These results suggest that propranolol could 
antagonize cholesteryl ester accumulation by macrophages, one of the main processes involved in 
atherogenesis. 

Massive cholesteryl ester accumulation in foam cells 
derived from monocytes is probably one of the main 
features involved in the atherosclerotic lesions [l]. 
Storage of cholesteryl esters is observed when macro- 
phages are incubated with chemically modified low 
density lipoproteins (LDL), such as acetylated LDL 
[2,3] or LDL which have been in contact with endo- 
thelial cells [4,5]. This is a consequence of a strong 
induction of the acyl-coenzyme A : cholesterol-O- 
acyltransferase (ACAT) activity by modified LDL 

121. 
Previous studies from our laboratory have shown 

that propranolol strongly inhibits cholesterol esteri- 
fication in cultured fibroblasts [6,7]. /?-Blockers are 
widely used in the treatment of hypertension [8] and 
angina pectoris [9]. More and more hypertensive 
patients are on fiblockers, and it is interesting to 
note that propranolol has been reported to alter lipid 
and lipoprotein plasma levels, whereas /31-selective 
compounds such as metoprolol, or @blockers with 
intrinsic sympathomimetic activity such as pindolol 
affect it to a lesser extent [lo, 111. It was thus of 
interest to investigate the effect of Pblockers on 
lipid metabolism in macrophages, especially on 
cholesteryl ester formation induced by modified 
LDL, in view of the fact that long term treatment 
by these drugs could affect this process and thus 
influence the course of atherosclerosis. In the present 
work, we present data concerning the effects of 
propranolol, metoprolol and pindolol, on cholesteryl 
ester formation in mouse peritoneal macrophages. 
Triacylglycerol metabolism was also comparatively 
studied. 

* To whom all correspondence should be addressed. 

MATERIALSANDMETHODS 

Chemicakr. Propranolol was from Sigma (St. 
Louis, MO). Metoprolol and pindolol were generous 
gifts of Searle and Sandoz Laboratories, respectively. 
[l-14C] oleic acid, 52mCi/mmol and [l- 4C] oleyl 
Coenzyme A, 55 mCi/mmol, were from Amersham, 
Buckinghamshire, U.K. 

Mouse peritoneal macrophages. They were col- 
lected by peritoneal lavages with 5 ml of sterile phos- 
phate buffer saline pH 7.4, from unstimulated adult 
female Swiss mice, according to Cohn et al. [12]. 
Cells were centrifuged at 400g for 10 min, and 
washed twice with 30ml of Dulbecco’s-MEM 
medium (Gibco) containing antibiotics (penicillin 
lOOUi/ml + streptomycin lOOpg/ml). They were 
then resuspended in Dulbecco’s-MEM medium and 
plated in 35 mm Petri dishes at about 2 x 106/dish. 
Following a 2 hr incubation at 37” in a 5% COZ 
humidified atmosphere the dishes were washed twice 
with 2ml of the same medium to get rid of the 
red blood cells and other non-adherent cells. The 
medium was then replaced by Dulbecco’s-MEM 
medium supplemented with antibiotics (see above) 
and 10% foetal calf serum (Gibco). 

Preparation of acetylated LDL (LDLac). LDLac 
was used for induction of macrophagic ACAT. LDL 
was prepared from normal human serum by three 
step ultracentrifugation according to Have1 et al. 
[13], in an L5.50 Beckman instrument. LDL was 
taken as the 1.024-1.050 fraction. After extensive 
dialysis against Tris-HCl buffer pH 7.4, LDL was 
acetylated by the technique of Basu et al. [14], using 
pure acetic anhydride (Merck). LDLac thus obtained 
was dialysed against 5 1. of Tris-HCl 0.1 M buffer 
pH7.4, and stored at 4”. LDL acetylation was 
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checked by agarose gel electrophoresis (Electro- 
phoresis Universal Film Agarose 1% Corning, Palo 
Alto, U.S.A.). Protein determination was done by 
the method of Lowry [15]. 

~~~~rporat~on of oleic acid into cholesteryl esters 
and tr~ac~~gL~~erols. Cells were preincubated 24 hr 
in Dulbecco’s-MEM medium supplemented with 2% 
Ultroser G and LDLac 100 pg/ml (to induce ACAT 
activity), in the absence or in the presence of the 
drugs (10-s to 1OmJ M). Incubation with [l-‘“C] oleic 
acid (1 @$‘ml) was then performed 4 hr at 37”. Cells 
were then washed four times with a phosphate-buf- 
fered solution pH 7.4, harvested with rubber police- 
men: centrifuged and resuspended in NaCl 0.15 M. 
Lipid analysis was performed by thin layer chroma- 
tography on silicagei plates F 1.500 (Schleicher & 
Schuell) by direct application of an aliquot of the 
cell suspension as described by Dosado et al. (161. 
The solvent phase used was hexane/diethylether~ 
acetic acid 70/30/2 (v/v). After autoradiography, 
spots corresponding to cholesteryl esters and tri- 
acylglycerols (identified by comparison with purified 
standards Sigma) were cut out and the radioactivity 
measured by liquid scintillation with an fnter- 
technique instrument. Results are expressed in nmol/ 
mg of cell protein. 

ACAT activity measured in vitro. ACAT activity 
was measured on sonicated macrophage homo- 
genates, by an adaptation of the method of Brown 
et al. [17]. Each assay, containing 150 pg of protein, 
phosphate buffer 10-l M pH 7.4, MgClz 5 x 10m3 M, 
bovine serumalbumin 0.2 mg/ml, was preincubated 
30min at 37” under gentle shaking in the presence 
or in the absence of drugs. Final concentrations of 
propranolol, metoprolol or pindolol were 1O-3 to 
10m3M, in order to achieve the same ratio of the 

absolute number of drug molecules~cell proteins 
which was used for itz situ experiments (e.g. for in 
situ incorporations of “C-oleic acid, 10mJ M in 1 ml 
of medium = lo-’ molecules of drug/l50 pg of cell 
protein; for in uitro ACAT measurement. lo-’ M in 
100 ~1 incubation mixture = lo-’ molecules of drug/ 
15Opg of cell proteins). After preincubation with 
drugs, the reaction was initiated by addition of [l- 
14C] oleyl Coenzyme A (0.1 &i) and non labeled 
oieyl-Coenzyme A (final concentration 10-s M). The 
final incubation volume was 100 ~1. The reaction was 
carried out for 30 min at 37”. An aliquot of the 
incubation mixture was then put on a silica gel plate 
and separation of neutral lipids was achieved by thin 
layer chromatography with hexane/diethylether~ 
acetic acid 70/30/2 (v/v). Spots corresponding to 
cholesteryl esters were cut out, and the radioactivity 
was counted by liquid scintillation. ACAT activity 
was expressed as % of controls. 

RESULTS AND DISCUSSION 

Table 1 shows that propranolol decreased in a 
dose-dependent manner “‘C-oleic acid incorporation 
into cholesteryl esters: a 50% decrease was observed 
at lO_sM, and at 10s4M oleic acid incorporation 
was about lo-fold reduced. By contrast, neither 
metoprolol nor pindolol significantly affected oleic 
acid incorporation into cholesteryf esters, at all the 
concentrations studied. 

It can also be seen in Table 1 that propranolol 
poorly affected 14C-oleic acid incorporation into tri- 
acylglycerols. No effect was found at W5M, 
whereas at this concentration oleic acid incor- 
poration into cholesteryl ester was about 2-fold 
reduced. The maximal effect on triacylglycerol for- 

Table 1. Effect of propranolol, metoprolol and pindolol on [ “‘Cl-oleic acid 
incorporation into cholesteryl esters and triacylglycerols by mouse peritoneal 

macrophages 

[ Yj-oleic acid incorporation into 

Addition Cholesteryl esters Triacylglycerols 

None 7.2 2 1.1 (100%) 15.5 t 2.5 (100%) 

Propranolol 
10m5 M 3.4 -+ 0.7 (47%) 15.2 -t 1.8 (98%) 
5 x lo-* M 1.4 + 0.3 (19%) 14.4 zt 1.9 (93%) 
1O-4 M 0.8 + 0.2 (11%) 10.8 2 2.0 (70%) 

Metoproiof 
lO_‘M 7.4 -+ 1.3 (103%) 15.2 i- 2.6 (98%) 
5 x 1O-5 M 7.0 t 1.4 (97%) 15.7 2 2.1 (101%) 
1O-4 M 6.9 2 0.9 (96%) 15.5 + 2.8 (100%) 

Pindolol 
10-j M 7.0 i 1.1 (97%) 15.8 c 1.9 (102%) 
5 x 10eSM 7.1 t 1.0 (99%) 16.1 + 2.5 (104%) 
10mJ M 6.7 f 0.8 (93%) 18.7 L1; 2.1 (121%) 

Cells were preincubated 24 hr in Duibecco’s-MEAD medium supplemented with 
2% Ultroser G and 100 ,ug/ml acetylated LDL, in the presence or in the absence 
of the drugs at indicated concentrations. Incorporation of [ “C]-oleic acid (1 &i/ 
ml) was then performed for 4 hr at 37”. Cells were then washed four times with a 
phosphate-buffered solution, harvested, and lipid analysis performed by TLC. 
Results are expressed in nmol of [‘4C]-oleic acid incorporated/mg of cell protein 
t SD (mean of three experiments). 
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Fig. 1. Effect of propranolol (O), metoprolol (V) and 
pindolol (U) on ACAT activity of mouse peritoneal macro- 
phages. Cells were preincubated 24 hr in Dulbecco’s-MEM 
medium supplemented with 2% Ultroser G and acetylated 
LDL 100 &ml. After harvesting, cell suspension was son- 
icated and ACAT activity measured on homogenates after 
30min preincubation in the absence (control) or in the 
presence of drugs at indicated concentrations. Results are 
expressed as % of controls (100% = 23.0 * 3.6nmol/hr/ 

monocyte-derived macrophages is probably one of 
the main factors involved in atherosclerosis. Several 
authors recently suggested that propranolol, which 
reduced high density lipoprotein level, could have 
an unfavorable influence on atherogenesis [lo, 111. 
But it must be emphasized that there is, at present, 
no study of the actual effect of propranolol on ather- 
ogenesis in man. It must be noted that, in our exper- 
imental conditions, propranolol low5 M was required 
to obtain a 50% reduction of cholesterol esteri- 
fication. Although plasma concentrations in man 
generally do not exceed 3 x lo-‘M (about 100 ng/ 
ml), long term treatment might, however, result in 
a significant reduction of cholesteryl ester accumu- 
lation. It is of note that Pick and Glick reported that, 
in some cases, propranolol decreased the involve- 
ment of atherogenesis in stumptail macaques fed 
with atherogenic diet [21]. This could be explained, 
in the light of our observation, by an inhibition of 
cholesteryl ester accumulation in macrophages, and 
subsequent delaying of the appearance of athero- 
sclerotic lesions. 
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