Brazilian Journal of Medical and Biological Research (2000) 33: 835-840

ISSN 0100-879X

M.L. Arruzazabala,

M. Noa, R. Menéndez,
R. Mas, D. Carbajal,

S. Valdés and

V. Molina

Correspondence

M. Noa

Laboratory of Histology
Department of Pharmacology
Center of Natural Products
National Center for Scientific Research
25 Ave and 158 Street

Post Office Box 6990

Havana

Cuba

Fax: +53-7-336-837/330-497

Received July 22, 1999
Accepted February 29, 2000

Protective effect of policosanol on
atherosclerotic lesions in rabbits with
exogenous hypercholesterolemia

Department of Pharmacology, Center of Natural Products,

National Center of Scientific Research, Havana, Cuba

Abstract

Policosanol is a mixture of higher aliphatic alcohols purified from
sugar cane wax, with cholesterol-lowering effects demonstrable in
experimental models and in patients with type II hypercholesterole-
mia. The protective effects of policosanol on atherosclerotic lesions
experimentally induced by lipofundin in rabbits and rats and spontane-
ously developed in stumptail monkeys have been described. The
present study was conducted to determine whether policosanol admin-
istered orally to rabbits with exogenous hypercholesterolemia also
protects against the development of atherosclerotic lesions. Male New
Zealand rabbits weighing 1.5 to 2 kg were randomly divided into three
experimental groups which received 25 or 200 mg/kg policosanol (N
=7) orally for 60 days with acacia gum as vehicle or acacia gum alone
(control group, N = 9). All animals received a cholesterol-rich diet
(0.5%) during the entire period. Control animals developed marked
hypercholesterolemia, macroscopic lesions and arterial intimal thick-
ening. Intima thickness was significantly less (32.5 + 7 and 25.4 + 4)
in hypercholesterolemic rabbits treated with policosanol than in con-
trols (57.6 = 9). In most policosanol-treated animals, atherosclerotic
lesions were not present, and in others, thickness of fatty streaks had
less foam cell layers than in controls. We conclude that policosanol
has a protective effect on the atherosclerotic lesions occurring in this
experimental model.
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Policosanol is a natural mixture of higher
aliphatic primary alcohols purified from sugar
cane (Saccharum officinarum, L.) wax. It
consists 0f 66% octacosanol (molecular mass
0f410.7), 12% triacontanol (molecular mass
of 438.5), 7% hexacosanol (molecular mass
of 382.4) and 15% other alcohols (tetracosa-
nol, heptacosanol, nonacosanol, dotriacon-

tanol and tetratriacontanol). Policosanol re-
duces total cholesterol and low density lipo-
protein (LDL) cholesterol levels in different
experimental models (1-3), in healthy volun-
teers (4) and in patients with type 11 hyper-
cholesterolemia (5-13).

Policosanol acts by inhibiting cholesterol
biosynthesis at a step before mevalonate pro-
duction and by increasing the receptor-de-
pendent LDL processing (14-16).
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The cholesterol-lowering effect of poli-
cosanol has also been demonstrated in rab-
bits fed a fat-free and casein-rich diet, an
experimental model in which cholesterol bio-
synthesis is enhanced and the number of
LDL receptors is reduced, and for this rea-
son it has been considered a model of endog-
enous hypercholesterolemia. This model has
been useful to evaluate the cholesterol-low-
ering effectiveness of cholesterol biosynthe-
sis inhibitors such as statins (17,18).

On the other hand, previous experiments
have revealed that policosanol prevents the
development of spontaneous lesions in
Macaca arctoides monkeys (19) and in le-
sions induced by lipofundin in rabbits and
rats (20-22). To date, the effect of policosa-
nol on the atherosclerotic lesions induced in
rabbits by a cholesterol-rich diet has not
been evaluated. In fact, this model is not
suitable to evaluate the efficacy of choles-
terol-lowering drugs acting by the inhibition
of cholesterol biosynthesis (23,24), since
this process is naturally depressed by a feed-
back control. The present study was under-
taken to determine the effects of policosanol
on the development of atherosclerotic le-
sions in rabbits rendered hypercholesterole-
mic by a cholesterol-rich diet.

Material and Methods
Animals

Twenty-three male New Zealand rabbits
weighing 1.5 to 2 kg were obtained from the
National Center for Laboratory Animal Pro-
duction (CENPALAB, Santiago de las Ve-
gas, Havana, Cuba). These animals were
adapted to experimental conditions for 15
days and divided into groups at random.
Normal rabbit chow and water were sup-
plied ad libitum.

From this moment (t = 0) until the end of
the experiment, animals were fed a choles-
terol-rich chow obtained from CENPALAB.
Consumption was adjusted to 100 g rabbit!
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day-!. The composition of the chow was as
follows: raw fat (3.47%), cholesterol (0.5%),
raw fiber (14.51%), raw protein (16.68%),
total carbohydrates (60.22%), phosphorus
(0.53%), humidity (12.0%), and pH 5.31.
Food intake of all animals was always the
same.

Administration and dosage

Policosanol (batch L-C-11), obtained
from the National Center for Scientific Re-
search (Havana, Cuba) was used as a sus-
pension in acacia gum/water (10 mg/ml) af-
ter quality control by gas chromatography.
All treatments were administered orally by
gavage (1 ml/kg) for 60 days. Starting on day
0, the experimental groups were: 1) controls
(animals receiving only the vehicle), 2) 25
mg/kg policosanol, and 3) 200 mg/kg polico-
sanol. Simultaneously, the animals received
the cholesterol-rich diet (0.5%) described
above. The doses used were based on previ-
ous data obtained for normocholesterolemic
rabbits (2).

Experimental procedure

To determine serum cholesterol levels,
blood samples were drawn by puncturing the
ear marginal vein before (t = 0) and 30 and
60 days after treatment. Blood sampling was
performed after a 12-h fast. Levels were
measured enzymatically using Boehringer-
Mannheim (Mannheim, Germany) total cho-
lesterol reagents.

At the end of the experiment, animals
were anesthetized with ether and sacrificed
after a 12-h overnight fast.

Morphological study

Aortas were removed and opened length-
wise from the aortic vessel up to the left
renal artery. After observation, lesions were
classified according to a 0- to 4-intensity
scale: 0 = no lesion, 1 = few fatty streaks, 2 =
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many fatty streaks, 3 = large quantities of
fatty streaks, and 4 = fibrous plaque. The
aortas were then immediately fixed in 10%
buffered formaldehyde and processed for
light microscopy.

Maximum thickening of the intima was
measured for each animal (25) using an ocu-
lar grid and an Olympus micrometric slide,
with the same magnification of 100X. Thick-
ening of the intima was always measured
from the elastica and is reported as mm. Five
arterial segments per animal were evaluated.

Statistical analysis

The Kruskal-Wallis test was applied to
determine differences among all groups.
Control and treated groups were compared
by the Mann-Whitney U-test. To compare
variations in relation to baseline the Wil-
coxon test was used.

Results

Effect of policosanol on serum cholesterol
levels

Policosanol administered orally at25 and
200 mg/kg did not significantly inhibit the
increase in serum cholesterol levels induced
by the cholesterol-rich diet (Table 1).

Effect of policosanol on aortic atherosclerotic
lesions in rabbits

Macroscopic observations of rabbit aor-

tas showed fatty streaks with defined mar-
gins along the dorsal surface. A significant
and dose-dependent reduction of the mean
score of the lesions was observed in polico-
sanol-treated animals compared with con-
trols (Table 2).

After microscopic analysis of hematoxy-
lin and eosin-stained sections, these lesions
were classified as fatty streaks, with many
foam cells of macrophage or myogenic ori-
gin. Comparisons between groups concern-
ing intima thickening also showed signifi-
cantly lower values in treated groups than in
the controls (Table 2; Figure 1A-C).

Discussion

This study demonstrates that policosanol
(25 and 200 mg/kg) administered orally to
rabbits fed a cholesterol-rich diet was effec-
tive in preventing the development of ath-
erosclerotic lesions in the aorta, but not in
inhibiting the increase in serum cholesterol
levels induced by this diet.

Policosanol acts by inhibiting cholesterol
biosynthesis at a step between acetate con-
sumption and mevalonate production (14).

Policosanol (5-200 mg/kg) is effective in
reducing cholesterol levels in normocholes-
terolemic rabbits (2) and 25 mg/kg, the low
dose tested, was able to prevent the increase
in cholesterol and LDL levels in rabbits fed a
fat-free casein-rich diet (a model of endoge-
nous hypercholesterolemia) (15).

The present results are consistent with
the mode of action of the drug as well as the

Table 1 - Lack of effect of policosanol on serum cholesterol levels of rabbits fed a cholesterol-rich diet.

Data are reported as means + SD for serum cholesterol (mM) for 7 to 9 rabbits per group. Treatment and diet
started on day 0. Aj, Increase after 30 days; Ay, increase after 60 days. *P<0.05 compared to day 0 (Wilcoxon

test).

Groups Dose (mg/kg) Day 0 Day 30 Ag Day 60 Ag
Control (N = 9) 0 1.32 = 0.55 19.87 + 4.80* 18.6 22.58 + 5.70* 21.3
Policosanol (N = 7) 25 1.33 = 0.50 19.27 + 6.80* 18.4 20.63 *+ 7.90* 19.0
Policosanol (N = 7) 200 1.30 = 0.40 17.60 + 7.70* 16.2 20.14 + 8.80* 17.9
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characteristic of each model. Thus, the hy-
percholesterolemia induced by a fat-free,
casein-starch diet is related to an increase in
cholesterol biosynthesis and a reduction in
the number of hepatic LDL receptors (17,18).
As a consequence, drugs acting on such
events must be effective in this model.

In the model of exogenous hypercholes-
terolemia, the synthesis of cholesterol is in-
hibited as a result of the feedback mechan-
ism generated because the high intracellular
concentration of these metabolites inhibits
Apo B receptor synthesis, limiting LDL up-
take from plasma (23,24). So, cholesterol
synthesis is already inhibited and this is one
of the reasons why the cholesterol-lowering
effect of drugs that act by inhibiting choles-
terol biosynthesis is not easily apparent in
this model. Lovastatin lowers plasma cho-
lesterol levels in cholesterol-fed rabbits with
exogenous hypercholesterolemia (26,27), but
this effect is associated with a decreased
intestinal absorption of cholesterol (28).
Other authors have also suggested that the
HMG-CoA reductase inhibitors simvastatin
and lovastatin reduce cholesterol absorption
both in rabbits and in man (29).

Previous studies have demonstrated that
policosanol prevents the onset of spontane-
ous atherosclerotic lesions in Macaca
arctoides monkeys (19) and in lipofundin-
induced lesions in rabbits and rats (20-22).
The physiological basis of this action may be
related not only to the cholesterol-lowering

Table 2 - Effect of policosanol on macroscopic lesions and intimal
thickening in aortas from hypercholesterolemic rabbits.

Thickness is reported as means =+ SD. Lesion score 0: no lesion, 1: few
fatty streaks, 2: many fatty streaks, 3: large quantities of fatty streaks,
and 4: fibrous plaque. *P<0.05, **P<0.01 (Kruskal-Wallis test), com-
pared to control group (Mann-Whitney U-test).

Groups Dose Lesion Intima thickness
(ma/kg) score (pum)
Control (N =9) 0 2.50 £ 0.75 57.6 + 9.62
Policosanol (N = 7) 25 1.44 + 0.88* 32.5 £ 7.07**
Policosanol (N = 7) 200 0.56 + 0.41** 25.4 + 4.80**
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Figure 1 - Photomicrographs showing the general his-
tologic appearance of thoracic aortas in cholesterol-fed
rabbits. A, Cross-section of the thoracic aorta from a
control group. Lesion was evaluated as fatty streaks.
Note thickening of the intima with layers of foam cells.
B and C, Intact arterial walls are observed in policosa-
nol-treated rabbits (25 and 200 mg/kg, respectively).
Hematoxylin-eosin, 225X.
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effects of policosanol, but also to the reduc-
tion of thromboxane A, (TxA,) and to the
increase in prostacyclin levels induced by
policosanol (30). Skrinska et al. (31) showed
that rabbits fed a hypercholesterolemic diet
and treated with a thromboxane synthetase
inhibitor (UK-38485) developed significantly
fewer lesions due to foam cells than those
fed the atherogenic diet only. It has been also
reported that BM 13505, a specific TxA,
antagonist, has an antiatherogenic effect by
reducing the deposition of cholesterol on the
arterial wall and by retarding plaque forma-
tion in coronary arteries of cholesterol-fed
rabbits (32).

On the other hand, prostacyclin reduces
atherogenic cholesteryl ester accumulation
in macrophages and vessel wall (33), inhib-
its platelet activation and mitogen release
(34) and shows antiproliferative effects on
vascular smooth muscle cells (35). These
cells, like macrophages, develop in foam
cells which are the principal cells present in
the fatty streak.

In addition, Jellinek et al. (36), using the
lipofundin-induced atherosclerotic lesion
model, showed a beneficial effect of iloprost
(prostacyclin) and Braun etal. (37) described
a significant reduction of atherosclerotic le-
sions in aortas from rabbits fed a cholesterol-
enriched diet and treated with cicaprost (an
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