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The hypocholesterdemic agents ethyl 2 - 
(P-chlorophenoxy ) -2-methylpropionate (Atro- 
mid-S, or CPIBl and sodium ~-3,5,3’,5’-tetra- 
iodothyronine (Choloxin, or D-thyroxine)2 
have recently come into use in treating hyper- 
lipoproteinemia. Atromid-S is reported to de- 
crease the endogenous synthesis of cholesterol 
from acetate. Synthesis from mevalonate was 
not decreased (1). The mechanism by which 
Choloxin effects a reduction of serum choles- 
terol is still incompletely understood. At the 
present time, it is blelieved th,at Choloxin ( 2 )  
stimulates the liver to increase the oxidative 
catabolism of serum cholesterol as well as the 
excretion of cholesterol into thle bile and feces. 

Recently, two other hypolcholesterolemic 
agents have come into experimental clinical 
use. They are SU-13437,3 Melipan, 2-methyl- 
2- [ p -  (p-chlorophenyl) phenosy] propionate, 
and SaH-2348: 1-methyl-4-piperidyl bis (p- 
chlorophenoxyacetate) . SU-1343 7 is believed 
to act on cholesterol synthesis by inhibiting 
acetyl coenzyme A csrboxyllase (3) .  SaH- 
2348 (4) does not affect hepatic cholesterol 
synthesis but rather increases the amount of 
bile acids excreted. 

Cholesterol esters comprise the major part 
of total blood cholesterol in the human and 
rat. The ester form of cholesterol may rep- 
resent a transport or sequestered phase, being 
part of the lipoprotein complex. Hypocholes- 
terolemic drugs have a beneficial lipid lower- 
ing effect by one of several mechanisms- 
reducing cholesterol biosynthlesis, increasing 
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cholesterol oxidation and excretion as bile 
acids, or modifying the physicochemical 
state of the lipoprotein. Cholesterol esteri- 
fying enzymes are present in intestinal 
mucosa, pancreas, liver, and plasma ( 5 ) .  
An active microsomal cholesterol esterify- 
ing enzyme has been extensively character- 
ized by Goodman ( 5 ) .  Glomset (6) identified 
an active plasma acyltransferase (LCAT) 
which transfers the fatty acid from lecithin to 
free cholesterol. The relative contribution of 
these two enzymes to plasma and tissue 
cholesterol esters remains unclear ; however, 
high density lipoprotein is the preferred sub- 
strate for lecithin cholesterol acyltransferase 
(LCAT) . 

In  the present investigation, i t  was consid- 
ered appropriate to investigate the effect of 
various hypocholesterolemic agents on liver 
microsomal cholesterol ester synthesase, 
which we have previously shown can be 
modified by hormonal agents ( 7 ) .  This en- 
zyme may be one of the prime determinants 
in the disposition of cholesterol into the free 
or esterified state. 

MatwiaZs and Methods. Livers from male 
Sprague-Dawley rats, 150-200 g, were hoimog- 
enized in 0.1 M potassium phosphate buffer, 
pH 7.4, containing 0.25 moles of sucroge/ 
1000 ml of buffer. A microsomal enzyme 
fraction was prepared as described by 
Goodman et a2. (8). One pmo’le of cholesterol 
7 d H  (5.6 $3) dissolved in 0.1 ml of pro- 
pylene glycol and 0.3 pmoles each of potassi- 
um oleate, palmitate, and linoleate were 
placed in a 10-ml Erlenmeyer flask. The ap- 
propriate quantities of the hypocholesterolem- 
ic agents SU-13437, Clofibrate, and SaH- 
2348 were ad’ded in 0.1 ml of propylene gly- 
col-acetone (4: 1 ; v/v) . Choloxin and L-thy- 
roxine as the sodium salts were added, dis- 
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solved in 0.2 ml of incubation buffer. The 
control incubations received the identical 
quantities of buffer or propylene glycol-ace- 
tone without the drugs. After the addition of 
1 pmole of coenzyme A, 9 mg of defatted 
human serum albumin, 18 pmoles of ATP 
and 2.5 mg of microsomal protein (deter- 
mined by Lowry reaction) dissolved in 0.1 M 
potassium phosphate buffer, pH 7.4, to each 
flask, the incubations were performed in a 
Dubnoff metabolic incubator at  37" for 2 hr 
with air as gas phase. The final total incu- 
bation volume was 3 ml in each flask. The 
incubations were terminated by freezing in a 
Dry Iceacetone mixture (-60") and stored 
at  -20" for 3 days. After the addition of 
15,000 dpm (300 p g )  each of cholesteryl- 
4-14C oleate, palmitate, and linoleate as car- 
rier, the incubations were extracted with 
ethyl ether. Purification and separation of the 
individual c h ~ l e s t e r o l - ~ H - ~ ~ C  esters was done 
by column chromatography on alumina and 
thin-layer chromatography on silica gel G 
impregnated with AgN03 as described previ- 
ously (9). A constant 3H/14C ratio of the 
isolated cholesterol ester was accepted as a 
criterion for its radiochemical purity. Based 
on the recovery of 14C tracer, the losses of 
"-labeled cholesterol ester incurred during 
the extraction and chromatographic proce- 
dures could be calculated. The data listed in 
Table I are correspondingly corrected. 

Results and Discussion. In  repeated exper- 
iments with the microsomal preparation as 
the enzyme source and without drug addi- 
tion, cholesteryl palmitate and oleate are syn- 
thesized at  about the same rate. The relative 
rates of cholesterol ester formation are in 
agreement with the results obtained by Good- 
man et nl. (8, 10). Atromid-S had a potentiat- 
ing effect at higher concentrations, particu- 
larly on the formation of cholesteryl oleate 
and linoleate. Choloxin had a marked stimu- 
lating effect on the in vitro synthesis of 
cho,lesteryl oleate. The effects of Choloxin on 
cholesteryl palmitate and linoleate formation 
were less pronounced. SU-1343 7 stimulated 
the formation of all cholesterol esters. SaH- 
2348 increased the rate of formation of 
cholesteryl oleate and linoleate. Interestingly, 
the active thyroid hormone Z-thyroxine did 
not differ appreciably from its isomer d-thy- 

TABLE I. The Effect of Hypocholesterolemic 
Drug8 on Cholesterol Esterification by Rat Liver 

Microsomes. 

nipmoles formed 
cone of 
drugs in Cholesteryl Cholesteryl Cholesteryl 

moles ( M )  palmitate oleate linoleate 

Control" 
Atromid-S 

13.7 x 10-7 

13.7 x 10-5 

3.5 x 10-7 

13.7 X 10- 

SU-13437 

3.5 x 10-0 
3.5 x 10-5 

S aH- 2 348 
1.8 x 10-7 

1.8 x 10-5 
1.8 X 1O-O 

Control" 
Choloxin 

10.5 X l€F 
10.5 X 1O-O 
10.5 x 10-5 

10.5 x 10-7 
L- Thyroxine 

10.5 X 
10.5 X 10" 

11.6 k 1.5b 12.6 & 0.9 8.3 2 0.9 

12.2 2 1.9 12.9 2 2.0 9.7 2 0.6 
10.6 1.3 19.7 & 1.7 10.8 0.7 
36.8 k 2.9 40.3 & 3.8 20.3 & 2.1 

11.5 & 1.3 12.7 k 1.1 9.5 2 0.8 
12.7 & 2.1 12.9 & 1.9 10.3 & 1.5 
26.9 i- 2.8 31.1 & 3.0 25.3 + 3.1 

18.3 & 1.4 12.6 & 1.3 12.8 k 0.9 
19.5 2 1.9 16.7 1.4 14.9 k 1.5 
21.8 & 2.2 22.0 + 1.9 23.8 & 2.7 

11.2 _+ 1.8 13.0 & 1.9 8.5 & 0.8 

11.9 & 0.9 12.9 1.3 10.7 2 1.0 
20.3 2 1.5 29.7 & 2.0 19.9 k 1.5 
25.7 -c 1.9 36.5 & 2.8 20.7 -c 1.6 

11.5 2 1.3 12.7 2 2.0 9.1 2 0.9 

27.6 & 3.0 31.4 2.8 25.3 & 2.6 
21.5 2.1 28.5 -+- 3.1 216.7 2 2.5 

" 0.1 ml of propylene glycol-acetone ( 4 : l ;  v/v) 

bValues represent the mean standard error of 

0.1 ml of buffer added without Choloxin or L- 

added without drugs. 

four experiments. 

t.liyroxine. 

roxine. 
The conversion of free cholesterol to a 

cholesterol ester may be of physiological sig- 
nificance because of the fact that free anjd 
esterified cholesterol have markedly different 
turnover times (5) and possibly may have 
differences in their ability to dissociate from 
the lipoprotein complex. The esters are com- 
plexed to protein within the liver compart- 
ment and then circulated as lipoproteins. 
Lecithin cholesterol acyltransferase acts upon 
free cholesterol in the plasma compartment. 
The deposition of lipoprotein on intima or 
penetration of the ester may, in part, depend 
on the chemical configuration of the co,mplex. 
It may well be that the unsaturated esters, 
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because of their angular configuration, may 
possess a different cellular membrane gradi- 
ent than the saturated esters. 

Our studies suggest that hypocholesterolem- 
ic agents stimulate the formation of chdes- 
terol esters in vitro. As noted above, hypo- 
cholesterolemic agents may modify choles- 
terol metabolism at different levels; that is, 
absorption, synthesis, or degradation. I t  is 
possible that the stimulation of cholesterol 
ester formation may be not only a pharma- 
cological resultant of the drug but modifica- 
tion of compartmentalization as the free or 
ester form in itself may be of physiological 
significance. 

Summary. The hypocholesterolemic agents 
Atromid-S and Choloxin stiinulate the in vi- 
tro synthesis of cholesterol esters from free 
cholesterol by a rat liver microsomal prepara- 
tion. Atromid-S enhances, i n  particular, the 
format ion of cholesteryl oleate and linoleate. 
Choloxin has its primary effect on cholesteryl 
oleate. SU-1343 7 stimulates the formation of 
all cholesterol esters. SaH-2348 primarily 
affects the rate of formation of cholesteryl 
oleate and linoleate. 
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