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Benzmalecene  : Inhibit ion of Choles te ro l  Biosynthesis and 
Hypocholes te remic  Effect i n  Rats .  (25405) 

JESSE JT. HUFF AND JAMES L. GILFILLAN (Introduced by H .  J .  Robinson) 
Merck Inst. f o r  Therapeut ic  Research, R a h w a y ,  A'. J .  

An agent capable of inhibiting biosynthesis 
of cholesterol by mammalian systems, would 
be of possible clinical interest in various hy- 
percholesteremic states. The  discovery that 
2-C1L'-mevalonic acid( 1) is utilized by rat 
liver preparations for biosynthesis of choles- 
terol with an efticiency far greater than any 
previously tried precursor has made possible 
the study of a number of compounds which 
would inhibit this system. This paper de- 
scribes results obtained with benzmalecene,* 
a potent inhibitor arising from these investi- 
gatialns. 

In vitro experi- 
iizenis. A cell-free rat liver homogenate sys- 
tem which synthesizes cholesterol was pre- 
pared employing the technic described by 
Bucher(2), as modified by Rabinowitz and 
Gurin(3).  Livers were obtained from male 
albino ratst received a t  75-80 g weight and 
maintained for one week on Purina Labora- 
tory Chow. The substrate employed was 2- 
C1'- DL-mevalonic acid ( 2-C' 4-3f VA) having 
a specific activity of 0.0125 mc/mlI as meas- 
ured by liquid scintillation counting. Each 
tube: contained 0.4 mg of 2-C14-JfVA, 1 ml 
of rat liver homogenate and 0.2 mg each of 
adenosine triphosphate (ATP) and diphos- 
phopyridine nucleotide (DPN) . The volume 
was made to 2.2 ml with pH 6.9 buffer which 
has been previously described (3) .  The gas 
phase was 95% 0, and 5% CO,. Incubation 
was carried out a t  37" for 4.5 hours with agi- 
tation. Two mg of carrier cholesterol were 
added after incubation and the cholesterol was 
isolatted and counted as the digitonide accord- 
ing to  a previously described procedure (3) .  
The benzmalecene was solubilized with an 

* Generic name for N-( l-methyl-2,3-di-p-chloro- 
phenylpropyl) -maIeamic acid (a-isomer) . This com- 
pcund was supplied b y  Dr. E. M. Schultz of Merck 
Sharp & Dohme Research Labs., West Point, Pa.  

t Sprague-Dawley strain obtained from C Sr I, 
Breeders, East Greenville, Pa .  

$ Screw cap culture tubes (20 x 125 m m ) .  

Methods and nanterials. 

equivalent amount of NaOH in small amount 
cf water and diluted to concentration of 1 
mg/ml with the p H  6.9 buffer solution. Ali- 
quots of the solubilized compound were added 
to the incubation mixture described. a t  the 
expense of the buffer solution. In ziuo experi- 
ments .  Holtzman male albino rats were ob- 
tained a t  130-140 g in weight and maintained 
on Purina Laboratory Chow for one week. 
The rats were then randomized according to 
weight into several groups of 20 rats each and 
placed on Purina Lab Chow diet to which 
10% lard had been added. Benzmalecene was 
administered by incorporation in the diet. 
After 10 days, 2 ml blood samples were taken 
by cardiac puncture under light Nembutal 
anesthesia and placed in tubes containing 0.2 
ml of 0.4 &I sodium citrate. The plasma was 
analyzed for total cholesterol by the method 
of Abell et al. ( 4 ) .  

Results. I n  vitro experiments. Table I 
shows results typical of those obtained when 
benzmalecene is added in increasing concen- 
trations to a, rat liver homogenate system 
which converts mevalonic acid to1 cholesterol. 
As the Concentration of benzmalecene is in- 
creased there is a sharp depression in choles- 
terol synthesis with maximum inhibition being 
obtained a t  the 0.15 mg/tube level or about 
1.9 x 34. 

To determine if the inhi'bition by benzmale- 
cene of this multi-enzyme system was competi- 

TABIiE I. Inhibition of I n ,  Y i t r o  Incorporation of 
2-C14-Mevaloiiic Acid into Cholesterol by Rut Livw 

Hoiiiogeiiatcs. 

Recovcrcd 
Level, cholesterol, ?4! 

Compound acldecl" mg/tuk)e cprii/nig C iriliibition 

KOllt? 1700 
E e112111:1 lece11 e .05 975 13  

.Oi5 852 5 0 

.10 320 81 

.15 9 99 

.20 2 100 
~ 

' E;ich tube  contained 400 of 2-CL4-dl-rncv 1- 

loriic : ic i t l  (specific activity = .%25 rnc/mM). 
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t ive or n on - co m pet i ti ve , the 1, in e we a ve r - H u r k 
( 5 )  method of plotting was employed. The 
incorporation of mevalonic acid in to choles- 
terol over a range of 2 5  to 400 p g  per tube 
was determined in the absence of inhibitor atid 
then in the presence of a single level of henz- 
malecene in all tubes. The data. when plotted 
according to Lineweaver and Burk ( 5 ) ( Fig. 
1 ) .  indicate the over-all inhibition to be non- 
competitive. 117 iliilo rsprririicnts. Table I I 
illustrates the effect of benzmalecene on 
plasma cholesterol level of rats when the com- 
pound was administered in the diet for 10 
days as the free acid and as the sodium and 
calcium salts. The  free acid a t  levels of 0.1, 
0.2 and 0.4% in the diet reduced plasma cho- 
lesterol level by 1 2 ,  20 and 26,F respectively. 

('HOLESTEROL HIOSYNTHESIS 

Little or no effect on body weight gain was 
apparent. I lue to the possibility of poor ah- 
sorption of the free acid form. the sodiL1m 
salt  was also studied. This salt was more ef- 
fective. producing decreases in plasma choles- 
terol of 2 2 .  29 and 39% a t  levels equivalent 
to those employed for the free acid. The  hy- 
groscopic nature of the sodium salt prompted 
the testing of the calcium salt. This material, 
a1 though appearing somewhat less active than 
the sodium salt a t  the 2 lower levels, was 
equal in activity a t  the 0.4% level. The  2 
salts caused some depressing effect on body 
iveight gain. 

I~ i scuss ion .  The results of the in ztitro ex- 
I)eriment demonstrate that  benzmalecene is a 
])()tent metabolic inhibitor of cholesterol syn- 
thesis. The esact point a t  which the meta- 
h l i c  block is exerted in the pathway of meva- 
Ionic acid to cholesterol is not known. 

\Yhen brnzmalecene? which blocks the syn- 
thesis of cholesterol by rat  liver in vitro, was 
incorporated into a chow diet containing lard, 
a significant reduction in plasma cholesterol 
level resulted. Benzmalecene has been shown 
in other studies from these laboratories to 
produce a prompt depression in blood choles- 
terol in the dog when given orally a t  50 mg/' 
kg day ( 6 ) .  The  inhibition of in z1itr.o choles- 
terol synthesis by benzmalecene, coupled with 
its effect on plasma cholesterol level in in vivo 
experiments, suggests, but does not neces- 
sarily prove that the latter effect is a direct 
result olf an  in Z J ~ Z J O  reduction of cholesterol 
synthesis. 

A number of other substances have been re- 

3.8 mg 
5.1 
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ported which inhibit hepatic synthesis of cho- 
lesterol and lower blood cholesterol ; a-phenyl- 
butyric acid ( 7 3 )  a-p-bi-phenylbutyric acid 
(9,lO) and vanadium salts( 11,12). 

It is not known if an increased hepatic syn- 
thesis of cholesterol is a contributing factor in 
the etiology of the various abnormal metabolic 
states in which cholesterol has been impli- 
cated. The clinical study of benzmalecene in 
these conditions should be useful in obtaining 
information on their etiology and may offer 
a practical method of combating hypercholes- 
tererriic states. 

Surnmavy. Benzmalecene inhibited in vitro 
incorporation of 2-C14-mevalonic acid into 
cholesterol by rat liver homogenates. The in- 
hibition proved to be non-competitive. Oral 
administration of this compound to normal 
rats resulted in a significant reduction in 
plasma cholesterol. 
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Erythropoietin. I. Analysis of ‘Radioiron Assay in Fasted Rats, Using 
Cobalt as a Reference Standard.* (25406) 

R. J .  ~ C H L U E T E R ,  H. NORGELLO A N D  W. F. m 7 H I T E  

Cpntral Research  Labs., Arnzour and Co., Chicago, 111. 
(Introduced by R. E. Thompson) 

In the past few years research on erythro- 
poietin has expanded rapidly and the number 
of papers in this field has greatly increased. 
Cnfortunately, however, it  has been difficult 
to compare assay results between labolratories 
because there has been no reference standard. 
Gordon (1) documented the need for such a 
material. We attempted to remedy the situa- 
tion by choosing cobalt+ as a readily available 
primary reference standard in the radioiron 
assay developed by Fried et d ( 2 ) .  Using 
the starved rat as subject, 5 pmolles of cobalt 
give:; a substantial response above the saline 

“This paper is based on work done under Con- 
tract with Atomic Energy Comm. 

f Here the simple term “co1)alt” i5 undcrdood to 
i i 1 c w i  “co1)itltous ion”. Reagent gradc c o l d t  clilc ride 
(C‘oC‘I,*61-120) has bccn usctl as source of cobaltous 
ion. 

blank and therefore has been designated as 
the one unit response. Further studies have 
been made in the 1 to 2 unit range, com- 
paring cobalt to various erythropoietin frac- 
tions. Finally, a partially purified fraction 
from anemic sheep plasma has been carefully 
standardized against cobalt and has been 
adopted by our laboratory as a day-to-day 
working standard. 

Methods. Normal, 2 month olld, male 
Sprague-Dawley rats, weighing 175  to 200 g 
were used. The rats were acclimated to the 
animal room folr 4 days, and maintained on 
Rockland R-4 rat diet. At start of assay all 
food was withdrawn, but water was supplied 
ad lib. Samples were prepared in 0.05 M 
KaI’04, 0.15 ilil NaC’l, pH 6.8 (saline). After 
30 hours fasting, the first 2 ml sample was 
injected intravenously (tail vein) under light 


