
Biol Res 29: 253-257 (1996) 253 

Effect of policosanol on the hepatic cholesterol 
biosynthesis of normocholesterolemic rats 
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We have suggested previously, measuring !4C-acetate incorporation into free 
cholesterol, that oral administration of policosanol inhibits hepatic cholesterol 
biosynthesis in rats. Nevertheless, since acetate has limitations to study 
cholesterol synthesis in vivo, we now investigate rates of incorporation of labeled 
water into hepatic sterol after policosanol treatment. Absolute rates of incor
poration of 3H-water in sterols were depressed by policosanol by about 20%, 
giving a more accurate degree of cholesterol biosynthesis inhibition in this 
species. Since policosanol did not inhibit labeled mevalonate incorporation into 
cholesterol in rat liver, we also studied the effect of policosanol on hydroxy-
methylglutaryl-coenzyme A (HMG-CoA) reductase. Reductase activity assayed in 
microsomes treated with policosanol remained unchanged, suggesting that 
cholesterol synthesis is not inhibited by a direct action of policosanol on this 
enzyme. 
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INTRODUCTION 

Pol i cosano l is a defined mix tu re of high 
molecular weight aliphatic alcohols isolated 
from sugar cane (Saccharum officinarum, L.) 
wax. wherein octacosanol is its main com
ponent . 

P r e v i o u s s t u d i e s h a v e d e m o n s t r a t e d 
c h o l e s t e r o l - l o w e r i n g e f fec t s i n d u c e d by 
policosanol in experimental models (4, 5, 8, 
17). human healthy volunteers (2, 10) and 
type II hypercholesterolemic patients (3 , 7, 
15. 16, 18). 

Recent s tudies have shown that pol ico
sanol dep re s sed 1 4 C - a c e t a t e incorpora t ion 
into total cholesterol of cultured fibroblasts, 
m e a n w h i l e the rad ioac t iv i ty incorpora ted 
from l 4 C - m e v a l o n a t e w a s not i nh ib i t ed . 
These facts suggest an inhibit ion of cho
lesterol b iosynthesis in vitro at some step 
prior to mevalonate generation (13). 

Oral administration of policosanol (0.15-1 
g/kg) to normocholes terolemic rats for one 
m o n t h inh ib i t ed r a d i o a c t i v i t y i n c o r p o r a 
t i o n f r o m 1 4 C - a c e t a t e i n t o h e p a t i c f ree 
cholesterol, whereas the incorporation from 
labeled mevalonate was not depressed. These 
results suggest that policosanol also inhibits 
cho le s t e ro l b i o s y n t h e s i s in vivo p r io r to 
mevalonate formation (14). However , it is 
known that 1 4 C-ace ta te is not a useful sub
s t r a t e for e s t i m a t i n g a b s o l u t e r a t e s of 
cholesterol biosynthesis in vivo. Limitat ions 
of acetate are either related to the rate of 
entry of this substrate into the cell and its 
partially rate-limited step in its metabol ism 
to acetyl-CoA or to errors associated with the 
intracellular pool of acetyl -CoA ( 1 , 9 ) . 

The rates of cholesterol biosynthesis can 
be quantitated by incorporation of 3 H-wate r . 
This substrate rapidly penetrates cell mem
branes and attains a uniform and constant 

C o r r e s p o n d e n c e to: Dr Roberto Menéndez Soto del Valle, Laboratório de Bioquímica, Centro de Productos Naturales, Centro 
Nacional de Investigaciones Científicas, Avenida 25 y 158, Cubanacán, Playa, La Habana, CUBA. Fax: (5-37) 336-837. 



254 Biol Res 29: 253-257 (1996) 

specific activity (SA) in total body water 
( 1 1 , 1 9 ) . 

The present study was undertaken using 
3 H - w a t e r to quan t i t a t e the effect of oral 
adminis t ra t ion of pol icosanol (500 mg/kg) 
for one month on hepatic cholesterol bio
s y n t h e s i s in n o r m o c h o l e s t e r o l e m i c r a t s . 
Also, considering that the inhibition on the 
c h o l e s t e r o l b i o s y n t h e t i c p a t h w a y o c c u r s 
pr ior to m e v a l o n a t e genera t ion , the effect 
of p o l i c o s a n o l on h y d r o x y m e t h y l g l u t a r y l -
coenzyme A ( H M G - C o A ) reductase was also 
investigated. 

MATERIALS AND METHODS 

Animals 

Male Wistar rats weighing 150 to 180 g at 
the beginning of the experience were used. 
A n i m a l s were c o n v e n t i o n a l l y kept unde r 
laboratory condit ions a week before starting 
policosanol treatment. In this period standard 
rat chow from C E N P A L A B (Centro Nacio
nal para la Producción de Animales de La
boratório, La Habana, Cuba) and water were 
al lowed ad libitum. After this period, rats 
were allocated randomly to the two experi
mental groups (10 animals per group) . 

Policosanol was orally administered as a 
suspension in Acacia gum/water (10 mg/ml) 
by gavage (1 ml /100 g body weight) . Control 
animals received only vehicle, while treated 
animals received policosanol (500 mg/kg) for 
4 weeks . 

Effect of policosanol on cholesterol 
biosynthesis in vivo. 

Five animals each from the control and the 
t r ea t ed g r o u p w e r e u s e d . A n i m a l s w e r e 
admin i s t e red 3 H - w a t e r in t ravenous ly as a 
bolus (200 mCi/kg) using the penile vein. 
Fo l lowing the injection, the animals were 
returned to individual cages and killed after 
1 h. During this period they received neither 
food nor water. Blood (5 ml) from the abdo
minal aorta was taken and specimens of the 
liver were removed and rinsed in cold saline. 
Three slices (2-3 m m thick) were cut, which 
were again rinsed in cold isotonic saline. 
Blood samples were centrifuged to obtain 

plasma for determining SA of p lasma water. 
The slices were saponified in alcoholic K O H 
and rad io labe led s terols w e r e d e t e r m i n e d 
e s s e n t i a l l y as d e s c r i b e d by J e s k e a n d 
Dietschy (11); non-saponifiable lipids were 
extracted into petroleum ether-acetone from 
which digi tonin precipi table sterols (DPS) 
were obtained. The radioactivity of D P S was 
determined in a Rackbeta (LKB) scintillation 
spectrometer by adding 15 ml of Cocktai l T 
(BDH). The value of SA of body water (cpm 
of 3 H/nmol of water) and the rate of hepatic 
sterol synthesis (pmol of 3 H - w a t e r incor
p o r a t e d i n t o D P S / h / g of t i s s u e ) w e r e 
calculated according to Spady and Dietschy 
(19) a n d T u r l e y etal (20). 

Effect of policosanol on HMG-CoA 
reductase activity 

Preparation of liver microsomes. T w o 
aliquots of the liver (approximately 1.5 g) of 
a control rat were weighed and placed 9:1 
(v:w) into cold isotonic 50 m M Tr is -HCl 
buffer, pH 7.4, containing 0.3 M sucrose, 10 
m M E D T A and 10 m M dithiothreitol . Mic ro
somes were prepared in presence of fluoride 
(50 m M N a F ) to c a p t u r e the e x p r e s s e d 
act ivi ty of reduc tase and in f luor ide free 
buffer (50 m M NaCl) to obtain total reductase 
activity (6) by differential cent r i fugat ion . 
T h e w a s h e d m i c r o s o m a l f r a c t i o n w a s 
suspended in the homogeniz ing buffer. 

Assay of HMG-CoA reductase activity. 
Microsomal reductase activity was assayed 
according to Brown et al (6). The micro
somal fraction (100-200 pg of protein) was 
preincubated for 15 min at 37° C in a total 
volume of 100 pi containing phosphate buffer 
100 m M , pH 7.4, 100 m M imidazole , 5 m M 
dithiothreitol , 10 m M E D T A , 0.5 uni ts of 
g lucose -6 -phospha te d e h y d r o g e n a s e and 3 
m M N A D P . Microsomes were preincubated 
with or without policosanol (5 and 50 pg/ml 
in a vehicle Tween-20 0 .4%; controls were 
added similar volumes of detergent solution). 
The assay was initiated by adding 10 pi of 
[ 3 - 1 4 C ] H M G - C o A (30 pM, 0.01 pCi) . After 
60 min the incubation was stopped by the 
addition of 25 pi 2 M HC1. Trit ium labeled 
mevalonic acid (0.01 pCi) was added together 
with unlabeled mevalonic acid lactone (10 
m M ) and the incubation mixture was al lowed 
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to stand 30 min at 37°C for complete lactoni-
zat ion. Then , the incubat ion mix ture was 
subjected to thin-layer chromatography with 
b e n z e n e - a c e t o n e ( 1 : 1 , v:v) as deve lop ing 
solvent . T h e meva lon ic acid lactone zone 
was sc rapped off into coun t ing vials and 
15 ml of Cocktail T (BDH) was added. A 
R A C K B E T A liquid scintillation spectrometer 
was used to determine radioactivity. Correc
tions for losses were made by the internal 
standard. Protein was determined by L o w r y ' s 
method (12). In all the experiments , enzyme 
assays were carried out in triplicate. 

Statistical analysis 

C o m p a r i s o n s be tween t reated and control 
groups were performed using non parametric 
Mann Whi tney U tests. 

RESULTS AND DISCUSSION 

Table I shows the incorporation of tritiated 
w a t e r in to D P S of c o n t r o l and t r e a t e d 
animals . As can be seen, the incorporation of 
radioactivity into sterols is significantly lower 
after ora l a d m i n i s t r a t i o n of p o l i c o s a n o l , 
d e m o n s t r a t i n g t ha t p o l i c o s a n o l o r a l l y 
administered for one month inhibits hepatic 
cholesterol biosynthesis from tritiated water 
in normocholes terolemic rats. These results 
agree with previous studies in this species, 
w h e r e an i n h i b i t i o n of c h o l e s t e r o l b i o 
syn thes i s f rom 1 4 C - a c e t a t e was obse rved 
after policosanol administrat ion at the same 
doses (14) . Howeve r , differences be tween 
the results with regard to the magni tude of 

the absolute inhibition occur, since inhibition 
of cho le s t e ro l b i o s y n t h e s i s f rom l abe led 
acetate reached near 4 0 % , meanwhi le in the 
present study an inhibition of about 2 0 % was 
observed. 

The above di f ference cou ld be due to 
methodological condit ions. Thus , cholesterol 
biosynthesis from acetate was est imated from 
the incorporation of radioactivity into hepatic 
free cho les t e ro l and w a s e x p r e s s e d as a 
percentage of the whole lipid extract content 
of radioactivity. In contrast, the rate of cho
lesterol b iosyn thes i s f rom t r i t ium labeled 
w a t e r w a s a s s e s s e d by m e a s u r i n g t h e 
ve loc i ty at wh ich [ 3 H ] - w a t e r w a s incor 
porated into DPS in the intact animal and 
was expressed as the absolute rate of radio
act ivi ty incorpora ted into total s terols by 
estimating the SA of body water. 

Taking into consideration the limitation of 
l 4 C labeled acetate to determine the absolute 
biosynthesis of cholesterol , present resul ts 
may provide a more accurate determinat ion 
of the extent of inhibition of hepatic cho
lesterol biosynthesis after pol icosanol treat
ment. 

Previous results in different exper imental 
models have shown that pol icosanol inhibit
ed cholesterol biosynthetic pathway prior to 
mevalonate generation, suggesting an effect 
on H M G - C o A reductase, the key enzyme of 
cholesterol synthesis (13 , 14). 

However , the exper iments performed to 
e x a m i n e w h e t h e r p o l i c o s a n o l s u p p r e s s e d 
preformed reductase directly in microsomes 
showed that, when policosanol was added to 
the reductase assay at concentrat ions ranging 
from 5 to 50 Ug/ml, the e n z y m e act ivi ty 

TABLE I 

Hepatic cholesterol biosynthesis from tritiated water in controls and animals treated with policosanol 

3 H-water incorporated into DPS 
(umol/h/g tissue) 

Treatment Animal 

] 2 3 4 5 x + SD 

Controls 1.26 2.05 2.45 1.94 1.58 1.85 ± 0 . 4 5 
Policosanol 1.46 1.40 1.38 1.15 1.45 1 .36±0.12* 

Rats orally administered with policosanol (500 mg/kg) or vehicle (controls) for one month. 
Cholesterol biosynthesis measured through -'H-water incorporation into digitonin-precipitable sterols. 
* Statistically significant differences (p < 0.05). 
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Effect of policosanol on HMG-CoA reductase activity of hepatic microsomes 

Treatment n 

HMG-CoA reductase activity (pmol/mg/min) 

Treatment n 
Total Expressed Ratio E/T 

Control 3 18.94 ± 4.14 6.40 ± 2 . 0 9 0.33 
Policosanol 5 Hg/ml 3 19.94 + 3.86 6.80 ± 2 . 0 2 0.34 
Policosanol 50 ug/ml 3 21.00 ±4 .91 8.62 ± 1.44 0.41 

Microsomes prepared from livers of non treated rats in presence of fluoride to capture expressed activity of reductase and in 
fluoride free buffer to obtain total reductase activity. Reductase assay performed as described in Text. Results, means ± SEM's 
of triplicates. 

remained unchanged (Table II). Thus, there 
w a s no e v i d e n c e of e n z y m e i n h i b i t i o n 
induced by pol icosanol . Also , pol icosanol 
addition does not interfere in the state of 
act ivat ion of the e n z y m e , since no major 
differences were observed in the fraction of 
expressed activity in control and policosanol-
treated hepatic microsomes (Table II). These 
resul ts sugges t that po l i cosano l does not 
act on the reversible phosphorylat ion of the 
enzyme. 

In conclusion, our results are consistent 
with the inhibitory effect of policosanol on 
hepatic cholesterol biosynthesis from [ 1 4 C ] -
acetate. They also suggest that this effect is 
not elicited by a direct action of policosanol 
on H M G - C o A reductase . Fur ther research 
on the effect of policosanol on the choles
terol biosynthetic pathway is required to de
termine the primary site of action of poli
cosanol . 
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