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Protective effects of octacosanol on
6-hydroxydopamine-induced Parkinsonism in rats via
regulation of ProNGF and NGF signaling
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Aim: To investigate the protective effects of octacosanol in 6-hydroxydopamine-induced Parkinsonian rats and find whether octaco-
sanol has effects on pro nerve growth factor (pro-NGF), NGF and the downstream effector proteins.

Methods: Behavioral tests, enzymatic assay, tyrosine hydroxylase immunohistochemistry, TUNEL and Western blot were used to investi-
gate the effects of octacosanol in this rat model of PD.

Results: Oral administration of octacosanol (35-70 mg/kg, po for 14 d) significantly improved the behavioral impairments in rats
induced by 6-OHDA and dose-dependently preserved the free radical scavenging capability of the striatum. Octacosanol treatment also
effectively ameliorated morphological appearances of TH-positive neuronal cells in nigrostriatal systems and decreased the apoptotic
cells induced by 6-OHDA in striatum. In addition, octacosanol strikingly blocked the 6-OHDA-induced increased expression of proNGF-
p75NTR-sortilin death signaling complex and its downstream effector proteins. Meantime, octacosanol prevented the decreased levels

of NGF, its receptors TrkA and p-Akt which together mediated the cell survival pathway.

Conclusion: The findings implicated that the anti-parkinsonism effects afforded by octacosanol might be mediated by its neuro-mi-
croenvironment improving potency through retrieving the ratios of proNGF:NGF and the respective receptors p75NTR:TrkA in vivo. Due
to its excellent tolerability and non-toxicity, octacosanol may be a promising agent for PD treatment.
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Introduction

Parkinson’s disease (PD) is a progressive and age-related
neurodegenerative disease characterized by a selective loss of
dopaminergic neurons originating in the substantia nigra pars
compacta (SNpc) and projecting to the dorsal striatum™. To
date, the most widely used and effective treatment for PD is
dopamine replacement therapy via oral supplementation of
the DA precursor levodopa (L-dopa). Treatment with L-dopa
can alleviate major symptoms of PD. However, long-term
treatment with levodopa is often complicated by the develop-
ment of adverse effects. There have been additional anti-par-
kinsonian drugs, such as dopamine agonists, but the available
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therapies do not protect against dopaminergic neurodegenera-
tion. The prevalence of PD is likely to increase in the coming
decades as the number of elderly people increases. Therefore,
it is of utmost importance to develop new drugs that show or
halt the rate of progression of PD.

Although the etiology of idiopathic PD remains incom-
pletely understood, an increasing body of evidence suggests
that a range of factors, such as oxidative stress, mitochondrial
dysfunction, and environmental toxins, have been implicated
in its pathogenesis® . In order to elucidate the intracellular
events leading to the cell death of dopaminergic neurons,
6-OHDA, a hydroxylated analog of the natural neurotransmit-
ter dopamine, has been widely used to generate PD models
in vitro and in vivo, which is accepted to induce a toxicity that
mimics the neuropathological and biochemical characterisitics
of PD™* 7.

Growing evidence has shown that the neurotrophins, a
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family of growth factors, play important roles in control-
ling neuronal survival or cell apoptosis within the central
nervous system in the survival, development, and in patho-
logical or neural injury. It has been shown that, proNGF, an
unprocessed precursor form of neurotrophin family members
(pro-neurotrophins), can act through a co-receptor system of
p75NTR and sortilin to mediate cell apoptosis®? while NGF
induces neuronal survival with TrkA and low-affinity bind-
ing p75NTR. Thus, as a “molecular signal switch”, p75NTR
can determine cell death or survival by these two processes.
On the one hand, p75NTR-dependent apoptosis is associ-
ated with an increase in Jun kinase (JNK) activity*"*

JNK-dependent mitochondrial pathway including cytosolic
(15,16]

and

accumulation of cytochrome ¢ and caspase activation
vitro or in vivo. On the other hand, mediated by p75NTR and
TrkA receptors, NGF has been shown to promote survival and
induction of neurite outgrowth by activation of pro-survival
signaling pathway particularly that of phosphatidylinositol
3-kinase/ Akt Thus both the proNGF-p75NTR-sortilin sig-
nalling complex and NGF mediated PI3-K/ Akt pathway may
thus provide new targets for neuroprotection of nigrostriatal
systems and the therapeutic treatment of PD.

Octacosanol (CH;[CH,],;OH, molecular weight: 410.77),
a low-molecular-weight primary aliphatic alcohol, is the
main component of a natural product wax extracted from
plants. Most studies have used a wheat-germ oil extract,
or policosanol, a natural mixture of primary alcohols iso-
lated from sugar cane wax, of which octacosanol is the main
component™. Tt has a number of indications for its use,
many of which are currently being researched. In particular,
its cholesterol-lowering effects, anti-aggregatory properties,
cytoprotective use, and ergogenic properties have been widely

investigated ™.

Moreover, a small controlled study showed
that some patients with mild Parkinsonism claimed of benefit
from octacosanol®!. However this clinical trial was prelimi-
nary and the mechanism of octacosanol was not investigated.
In the present study, we sought to systematically investigate
the effects of octacosanol on the activities of ProNGF, NGF,
and their downstream effector agents which play a critical role
in determining the fate of neural cell in rat model of Parkin-

son’s disease.

Materials and methods
Reagents
Octacosanol (CH;[CH,],;OH) was synthesized by Institute
of Materia Medica, Chinese Academy of Medical Sciences &
Peking Union Medical College, and its purity was more than
99%.

6-OHDA was purchased from Sigma Chemical (St Louis,
Missouri). Assay kits for glutathione peroxidase (GSH-Px),
superoxide dismutase (SOD), catalase (CAT), and malondial-
dehyde (MDA) were purchased from Jiancheng Co (Nanjing,
China). Terminal deoxynucleotidyl transferase-mediated
dUTP Nick End Labeling assay (TUNEL) kit was purchased
from Roche Applied Science (Penzberg, Germany). Rabbit
anti-proNGF and mouse monoclonal anti-tyrosine hydroxy-
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lase (TH) antibodies were purchased from Chemicon Interna-
tional, Inc (Temecula, CA). Rabbit antibodies for sortilin and
NGF were purchased from Abcam plc (Cambridge, UK). Rab-
bit anti-p75NTR antibody was purchased from Upstate Bio-
technology (Lake Placid, NY). Rabbit anti-phospho-Ser'” Bad
was purchased from Invitrogen Corporation (Carlsbad, CA).
Rabbit antibodies for phospho-Thr'®/Tyr'® JNK, phospho-
Ser" p53, phospho-Tyr®”** TrkA were purchased from Cell
Signaling Technology (Beverly, MA). Rabbit antibodies for
Bcl-2, Bax, TrkA, phospho-Ser*”® Akt, B-actin were purchased
from Santa Cruz Biotechnologies (Santa Cruz, CA). Secondary
goat anti-rabbit IgG and rabbit anti-mouse IgG, SP immuno-
histochemical staining kit and 3,3’-diaminobenzidine (DAB)
were purchased from Zhongshan Biotechnology Co (Beijing,
China).

Animals and treatment protocol

Animal treatment and maintenance were carried out in
accordance with the guidelines established by the National
Institutes of Health for the care and use of laboratory ani-
mals and were approved by the Animal Care Committee of
the Peking Union Medical College and Chinese Academy of
Medical Sciences. Adequate measures were taken to mini-
mize pain or discomfort. Seventy two adult male Sprague-
Dawley rats (Weitong Lihua Experimentary Animal Central,
Beijing) weighing 210-220 g (3 months old) were maintained
in a constant temperature (22+1 °C) and humidity (60%+10%)
environment under a 12 h light/dark cycle. Food and water
were available ad libitum. Rats were divided randomly into six
groups: Normal, Sham (saline only), Model (6-OHDA), Ocs-
Low (Ocs-L, 6-OHDA+17.5 mg/kg octacosanol), Ocs-Medium
(Ocs-M, 6-OHDA+35 mg/kg octacosanol), and Ocs-High
(Ocs-H, 6-OHDA+70 mg/kg octacosanol) groups.

Unilateral striatal lesions were performed as previously
described”. For stereotaxic lesion surgery, 6-OHDA was
dissolved in 0.9% saline with 0.2% L-ascorbic acid (5 pg/uL),
and two injections of 3 pL each were made into two sides of
the right striatum. Stereotaxic lesions were performed under
sodium pentobarbital (50 mg/kg, ip) anesthesia using a 10 pL
microsyringe. Lesion coordinates were: (1) AP: 0.5, L: -2.5, and
V:-5mm, (2) AP:-0.5, L: -4.2, and V: -5 mm relative to bregma
and ventral from dura, with the tooth bar set at 0 mm. After
injection of 6-OHDA at a rate of 1 pL/min, the cannula was
left in place for 10 min before slowly retracting at 1 mm/min.

Four weeks after surgery, octacosanol (dissolved in saline
containing 0.5% carboxymethylcellulose sodium) at the doses
of 17.5, 35, and 70 mg/kg was intragastricly administered once
daily for subsequent 14 days. The normal, sham and model
groups received the same volume saline (vehicle only) con-
taining 0.5% carboxymethylcellulose sodium (CMC) as that of
the octacosanol.

Rotational behavior

Six weeks after surgery, rats were placed in circular bowls and
allowed 15 min for habituation. The total number of contral-
ateral turns was then counted over 30-min period following
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subcutaneous apomorphine (Sigma) administration (sc, 0.5

mg/kg).

Narrow beam test

The narrow beam task was performed on the 44th day after
6-OHDA-injection®™. The narrow beam used for the present
experiments was a 105 cm long wooden beam, 4 cm wide and
3 cm tall. The beam was suspended 80 cm from the ground by
wooden supports at either end. At the start end of the beam, a
line was drawn 20 cm from the end of the beam. During a test
the rat was placed entirely within this 20 cm starting zone fac-
ing its home cage and a stopwatch started immediately upon
release of the animal. The time was recorded when the animal
placed a weight bearing step entirely over the start line. This
time represented the latency to begin the task. The stopwatch
was then stopped when all four feet were placed entirely upon
the finishing platform at the opposite end of the beam. The
maximum time allowed for the task was 2 min. The start line
must be crossed within 1 min from release or the test was
cancelled and maximum time was recorded for that trial. A
fall was also recorded as a maximum time. Each of the rats
was trained for three trials on the beam, including the tasks to
initiate crossing the beam and to finish the total beam. Three
pretrainings were performed before the behavioral testing and
then the fourth trial was regarded as the probe test.

Tissue processing

After behavioral tests, animals (n=7 in each group) for bio-
chemistry and western blot analysis were decapitated, and
the brains were immediately taken out and rinsed in ice-cold
isotonic physiologic saline. Lesioned (right) side and unle-
sioned (left) side striatum tissues were separately isolated
and kept frozen in liquid nitrogen before analysis. Unless
otherwise indicated, the right side striatum tissues from every
group were used in all the experiments of the present study.
For immunohistochemistry, the remaining animals were
anesthetized via pentobarbital sodium overdose and perfused
transaortically first with 0.1 mol/L phosphate buffered saline
(PBS) followed by 4% paraformaldehyde (pH 7.4). The brains
were removed and postfixed in the same 4% paraformalde-
hyde solution at 4 °C, after which they were equilibrated in
0.1 mol/L PBS containing 15%, 20%, and 30% sucrose at 4 °C,
respectively. Coronal sections (14 pm or 35 pm) were cut
using a cryostat.

Measurement of activities of GSH-Px, SOD, CAT, and levels of
MDA

Activities of GSH-Px, SOD, CAT, and levels of MDA were
measured with assay kits following the manufacturer’s man-
ual (Jiancheng Co, Nanjing, China)

TUNEL assay

To demonstrate internucleosomal DNA fragmentation in situ,
sections were processed using a modified endlabeling tech-
nique according to the manual of Roche TUNEL kit. Briefly,
sections (35 pm) were rinsed in PBS for 30 min, and then

incubated with 3% H,O, in methanol for 10 min at room tem-
perature to inactivate endogenous peroxidase. Subsequently,
sections were incubated in permeabilization solution for 30
min at room temperature. Sections were then transferred to a
buffer containing TdT and fluorescein-dUTP and incubated in
a humid chamber for 1 h at 37 °C. After a 5-min wash in PBS,
sections were incubated in anti-fluorescein antibody conju-
gated with peroxidase for 30 min at 37 °C. Reaction product
was visualized with a DAB substrate kit. After a final set of
washes in PBS, the slices were mounted on slides, dehydrated,
cleared, and coverslipped with mounting medium.

Tyrosine hydroxylase (TH) immunohistochemistry

Free-floating brain slices (35 pm) were treated for TH immu-
nohistochemistry. Sections were washed in PBS to remove
cryopreservative and subsequently incubated for 10 min at
room temperature in 3% H,O, solution to reduce endogenous
peroxidase activity, and then washed in PBS. The samples
were placed in goat serum for 1 h at room temperature (SP
immunohistochemical staining kit). Incubation overnight at
4 °C was performed with rabbit polyclonal anti-TH antibody.
After incubation, the slices were washed with PBS and incu-
bated with biotinylated goat anti-rabbit IgG for 1 h at room
temperature, again washed, and then incubated in avidin-
biotin horseradish peroxidase macromolecular complex for 1 h
at room temperature. To develop color, the slices were incu-
bated briefly in DAB substrate kit. After a final set of washes
in PBS, the slices were mounted on slides, dehydrated, cleared,
and coverslipped with mounting medium.

Western blot analysis

The whole protein lysates were processed as described in the
literature™). After protein content was determined by Brad-
ford’s method, proteins were separated by a SDS-polyacryl-
amide gel electrophoresis and then transferred onto a PVDF
membrane. The membrane was blocked with 5% skim milk
or 5% BSA (when antibodies against phosphoproteins) in Tris
buffer saline. The membrane was then incubated at 4 °C over-
night with primary antibodies. After washing, the membranes
were incubated with a horseradish peroxidase conjugated
secondary antibody (goat anti-rabbit IgG or rabbit anti-mouse
IgG, 1:10000) for 1 h at room temperature. The antibody-
reactive bands were visualized on X-ray film using superECL
plus detection reagent.

Statistical analysis

To count TH-positive cells in the substantia nigra (SN), we
chose 3 animals from each group and 2 coronal sections per
animal. And all Western blot experiments were done at least
in triplicate from six animals in each group. The density of
positive cells in histochemistrical analysis was calculated with
Image-Pro Plus image analysis software and the band inten-
sity in Western blot analysis was calculated by AlphaEase®FC
Software. Data were presented as mean+SD. Differences
between mean values were evaluated by analysis for statisti-
cal significance by One-Way ANOVA (Tukey’s HSD multiple
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comparison). Statistical significance was set at P<0.05.

Results

Effects of octacosanol on the rotational behavior

Six weeks after 6-OHDA injection, apomorphine-induced
contralateral rotations were tested and pharmacologic treat-
ment affected the number of rotations. As shown in Table 1,
6-OHDA treated animals exhibited more rotational numbers
than those of the Sham (P<0.001). The octacosanol (35 mg/kg
and 70 mg/kg) significantly shortened the rotational numbers
(P<0.05), suggesting a relative sparing of the nigrostriatal neu-
rons.

Table 1. Effects of treatment with octacosanol 17.5, 35, or 70 mg/kg
separately for 2 weeks on behaviors of 6-OHDA-induced rats. n=12. Data
represent mean+SD. °P<0.01 vs Sham group; °P<0.05, ‘P<0.01 vs
Model group.

Apomorphine- Narrow beam test

Groups n Dose induced

(mg/kg) rotation Latency (s) Total time(s)
Normal 12 Vehicle only - 0.67+0.54 6.84+5.17
Sham 12 Vehicle only 11.2+8.8 0.89+0.56 7.984+4.66
Model 12 Vehicleonly 262.2+60.3° 2.64+0.95° 30.16+11.28°
Ocs-L 12 175 200.3+37.9 1.76+0.83 20.55+10.38
Ocs-M 12 35 181.8+48.4° 1.26+0.96" 14.92+8.52
Ocs-H 12 70 160.3+42.3" 1.25+0.78" 11.32+7.55'

Effects of octacosanol on narrow beam test

The narrow beam test was used to assess deficits in locomo-
tion, and the ability to initiate locomotion in 6-OHDA treated
rat model of PD?. In this test, the time taken to initiate move-
ment when placed on the beam was recorded as an index
of akinesia in parkinsonian animals while the time taken to
cross the beam was measured as a reflection of bradykine-
sia, balance and postural instability in parkinsonian animals.
Treatment of rats with octacosanol for two weeks attenu-
ated impairments in motor functions. As shown in Table 1,
two weeks of treatment with octacosanol (35 and 70 mg/kg)
reduced the 6-OHDA-induced increase of latencies in narrow
beam test (P<0.01). In Table 1, model rats showed an increase
in total time compared with Sham (P<0.01) while the octaco-
sanol (35 mg/kg and 70 mg/kg) significantly shortened the
total time in the narrow beam test (P<0.001).

Effects of octacosanol on the activities of antioxidant defense
system and MDA levels in 6-OHDA-lesioned striatum

The burden of reactive oxygen species (ROS) production
induced by 6-OHDA is largely counteracted by intricate anti-
oxidative enzymes that include the enzymatic scavengers
SOD, CAT, and GSH-Px. In addition to these well character-
ized antioxidant enzymes, GSH, a small non-enzymatic mole-
cule, is also very important in scavenging ROS. Therefore, we
examined the effects of octacosanol on the 6-OHDA induced
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oxidative stress. The enzymatic scavengers SOD, CAT, and
GSH-Px were observed. As shown in Figure 1A and 1B, the
activities of SOD and GSH-Px in the striatum tissues from rat
treated by 6-OHDA alone decreased compared with those of
the sham groups (P<0.05 or P<0.01). Although the activity of
CAT in Model group tends to decline, there was no significant
difference between the Model and Sham group (Figure 1C).
The most significant improvement of SOD, GSH-Px, and CAT
activities in the striatum tissue were observed in the Ocs-H
groups (P<0.05). Contrary to the function of antioxidants,
MDA levels revealed an index of lipid peroxidation induced
by ROS. In Figure 1D, quantitative measurement of MDA
levels in striatum indicated a significant increase in the Model
group (P<0.01). While 6-OHDA alone increasing the MDA
level in striatum, octacosanol treatment significantly reduced
it, particularly in the octacosanol group at a dose of 70 mg/kg
(P<0.01).

Octacosanol increases the numbers of the TH-positve dopamine
neurons and striatonigral projective fibers in the 6-OHDA-
lesioned nigrostriatal system

In our study, TH immunohistochemical staining was per-
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Figure 1. Octacosanol treatment (17.5, 35, and 70 mg/kg, 2 weeks)
reversed the reduction of activities of SOD, GSH-Px, and CAT while reduced
elevated MDA levels in 6-OHDA-lesioned striatum. (A) SOD activity, (B)
GSH-Px activity, (C) CAT activity and (D) MDA level in each group. n=7 in
each group. Data represent mean+SD. "P<0.05, °P<0.01 vs Sham group;
¢P<0.05, P<0.01 vs Model group.
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formed to assess the neurotoxicity of 6-OHDA and the pro-
tection conferred by octacosanol in this model. TH is a rate
limiting enzyme in DA synthesis and a specific marker for
DA neurons. The results showed that the numbers of both
TH-positive neurons and striatonigral projective fibers were
significantly decreased in the substantia nigra of 6-OHDA-
treated rats compared with those in the sham and normal
groups (Figure 2A and 2B, P<0.05). In contrast, rats receiving
octacosanol treatment, particularly at the dose of 70 mg/kg,
displayed significant preservation of TH-positive neurons and
their projective fibers (Figure 2C, P<0.05).
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Normal Ocs-M  Ocs-H

Figure 2. Effects of octacosanol treatment (17.5, 35, and 70 mg/kg, 2
weeks) on loss of dopamine neurons and their terminal fibers induced
by 6-OHDA. (A) Representative photomicrographs of TH-positive striatal
terminal fibers in every group. (B) Representative photomicrographs
of TH-positive neurons immunohistochemistry in SN. (C) Quantitative
analysis of TH positive cells in SN. Scale bar=50 pm. n=6 in every group.
Data represent mean+SD. The results indicated at least two independent
experiments in each animal. °P<0.05 vs Sham group; *P<0.05 vs Model

group.

Octacosanol attenuates the apoptosis of striatal neurons induced
by 6-OHDA

We employed the TUNEL assay and examined effects of octa-
cosanol on the 6-OHDA-induced apoptosis of striatal neurons
in situ (Figure 3A and 3B). The TUNEL-positive cells in the
striatum of model rats were markedly increased compared
with those in the striatum of sham rats. And the TUNEL
positive cells were rarely seen in striatum of rats treated with
octacosanol, especially in the middle and high dose groups
(Ocs-M, 35 mg/kg and Ocs-L, 70 mg/kg).

B
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100

TUNEL-positive cells/mm?

Normal Sham Model Ocs-L Ocs-M Ocs-H

Figure 3. Effects of octacosanol treatment (17.5, 35, and 70 mg/kg, 2
weeks) on 6-OHDA-induced apoptosis in striatum. (A) Representative
photomicrographs of TUNEL labeling in striatum. Scale bar=50 ym. (B)
Quantitative analysis of TUNEL-positive cells in striatum. n=4 in every
group. °P<0.01 vs Sham group; 'P<0.01 vs Model group.

Octacosanol suppresses the 6-OHDA-induced upregulation of
ProNGF and the p75NTR/sortilin co-receptors

ProNGF is an important redox-sensitive signaling factor,
which can bind a multi-component receptor complex
comprising sortilin and p75NTR and promote apoptosis in
different kinds of neuronal and non-neuronal cells®®” !, To
test whether the protection by octacosanol against 6-OHDA-
induced cell death involves the ProNGF pathway, levels
of proNGF and its downstream co-receptor system of
p75NTR and sortilin were analyzed. Western blot analysis
demonstrated that administration of octacosanol, especially at
the dose of 70 mg/kg, significantly suppressed the 6-OHDA-
induced upregulation of proNGF (P<0.01) (Figure 4A and
4B). Similarly, treatment with octacosanol at the dose of 35
and 70 mg/kg significantly inhibited the 6-OHDA-induced
accumulation of p75NTR and sortilin (P<0.05 or P<0.01) (Figure
4C-4F).

Acta Pharmacologica Sinica
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Figure 4. Inhibitory effects of octacosanol treatment (17.5, 35, and 70

mg/kg, 2 weeks) on 6-OHDA-induced elevated levels of proNGF and its
p75NTR/sortilin co-receptor system upregulation. (A) Western blotting
for proNGF in striatum in every group. (B) Percentage values of optical
density ratios from proNGF immunoblot. (C) Western blotting for striatal
sortilin and p75NTR in every group. Percentage values of optical density
ratios from sortilin immunoblot (D) and p75NTR immunoblot (E). Relative
optical density was normalized to B-actin. n=6 in every group. °P<0.05,
°P<0.01 vs Sham group; °P<0.05, 'P<0.01 vs Model group.

Octacosanol reduces the 6-OHDA-induced and p75NTR-
dependent apoptosis via inhibiting the JNK activation and p53
phosphorylation

It has been also reported that p75NTR-induced JNK activation
is a consistent feature of p75NTR-responsive cell types™ and
that, under stress conditions, JNK stabilizes p53 and induces
neuronal death® #!, Since our results showed that octaco-
sanol inhibited the 6-OHDA-induced p75NTR accumulation
and cell death, it is posssible that it also could inhibit the JNK
activation and, consequently, p53 phosphorylation. As shown
in Figure 5, while, the phospho-Thr'®/Tyr'®® JNK expression
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Figure 5. Inhibitory effects of octacosanol treatment (17.5, 35, and 70
mg/kg, 2 weeks) on 6-OHDA-induced activation of phospho-Thr*®3/Tyr'8®
JNK and its substrate phospho-Ser®® p53 in striatum. Western blotting for
phospho-Thr'®%/Tyr'®® JNK (A) and phospho-Ser™® p53 (C) in every group.
Percentage values of optical density ratios from phospho-JNK (B, both
isoforms were calculated) and phospho-Ser*® p53 immunoblot analysis (D).
Relative optical density was normalized to GAPDH or B-actin. n=6 in every
group. °P<0.05, °P<0.01 vs Sham group; °P<0.05, /P<0.01 vs Model
group.

was significantly elevated by 6-OHDA-induction in the model
rats (P<0.001, A and B), treatment of rats with octacosanol (35
and 70 mg/kg) markedly inhibited the JNK activation in stria-
tum (P<0.05 or P<0.01, Figure 5B). In addition, treatment with
octacosanol at the dose of 70 mg/kg significantly inhibited the
p53 phosphorylation at the Ser" site induced by the JNK acti-
vation in the model rats (P<0.05, Figure 5C and 5D).

Octacosanol inhibits the 6-OHDA-induced phosphorylation of Bad
and increase in the ratio of Bax/Bcl-2

It has been established that cdc2 or JNK directly activates
the cell death machinery by phosphorylating Bad at Serine
128[28, 29].
apoptotic Bax to the anti-apoptotic Bcl-2 determines the cellu-

In addition, the ratio of the expression of the pro-

lar response to p53. Consistent with the effects of octacosanol
on JNK and p53, treatment with octacosanol at the dose of 70
mg/kg (P<0.05) significantly reduced the level of phospho-
Ser'® Bad in model rats induced by 6-OHDA (Figure 6A, 6B,
P<0.01). Moreover, administration with Ocs-M and Ocs-H
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g i ) ) 128
6-OHDA Iesmnec{ strlat'um. Western blot.tlng for phospho-Ser Bad.(A) E Normal Sham Model Ocsl OcsM OcsH
and Bax and Bcl-2 (C) immunoblot analysis. Percentage values of optical At —
density ratios from phospho-Ser*?® Bad (B) and ratios of Bax and Bcl-2 (D). s
Relative optical density was normalized to B-actin. n=6 in every group. B-actin -‘m‘
°P<0.01 vs Sham group; °P<0.05, P<0.01 vs Model group.
F <
(35 mg/kg and 70 mg/kg) for 14 days markedly restored 2=
. . . a0 -5
the altered Bax/Bcl-2 ratio in the striatum of the 6-OHDA- s
induced model rats (Figure 6C, 6D). S <
£3
T 2
Octacosanol decreases the 6-OHDA-induced expression of NGF e

and its receptor, TrkA

The discovery that NGF may be secreted as proNGF, which
preferentially activates p75NTR, or as mature NGF, which
preferentially activates TrkA, suggests that the balance
between cell death and cell survival may be determined by
the ratio of proNGF and mature NGF secreted by biosynthetic
cells. And the protective effects of NGF are mediated through
specific TrkA receptors, which lead to activation of pro-
survival signalling pathways, particularly that of phosphati-
dylinositol 3-kinase/Akt"”! which can inhibit apoptosis. In
this view, we evaluated the expressions of NGF and its down-
stream effector proteins, TrkA and p-TrkA (Figure 7A and 7C).
Western blot analysis indicated that octacosanol, especially at
the dose of 35 and 70 mg/kg (P<0.01 or P<0.001), significantly
inhibited the 6-OHDA-induced NGF reduction and increased
the activated forms of TrkA (Figure 7B and 7D, P<0.01).

Normal Sham Model Ocs-L Ocs-M Ocs-H

Figure 7. Octacosanol treatment (17.5, 35, and 70 mg/kg, 2 weeks)
inhibited 6-OHDA toxicity induced decreased activities of NGF-mediated
TrkA neurotrophic signaling. Western blotting for NGF (A), phospho-
Tyr®™67° TrkA and total TrkA (C) and phospho-Ser*’® Akt immunoblot
analysis (E). Percentage values of optical density ratios from NGF (B),
phospho-Tyr®™/67 TrkA (D) and phospho-Ser*’® Akt immunoblot (F).
Relative optical density was normalized to B-actin. n=6 in every group.
°P<0.01 vs Sham group; P<0.01 vs Model group.

Effects of octacosanol on expression of striatal p-Akt against
6-OHDA toxicity

It is now well established that upon binding to TrkA recep-
tors, mature neurotrophins stimulate multiple signaling path-
ways including the extracellular signal-regulated kinase 1/2
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(Erk1/2) and the phosphatidylinositol 3/ Akt kinase pathways,
which promote neuronal survival®. So we also investigated
the protein levels of p-Akt in striatum induced by 6-OHDA.
As shown in Figure 7E and 7F, 6-OHDA caused decreased
expression of p-Akt (P<0.01) and this effect could be signifi-
cantly suppressed by treatment with octacosanol at the dose of
70 mg/kg (P<0.001).

Discussion

In the present study, we examined the effects of octacosanol
on 6-OHDA induced behavioral impairments and confirmed
that octacosanol, especially at the doses of 35 and 70 mg/kg,
can significantly ameliorate 6-OHDA induced motor impair-
ments in rats. Moreover, the data suggested that octacosanol,
especially at the doses of 70 mg/kg, decreased the activities
of oxidative stress indicators (MDA, SOD, CAT, and GSH-
Px) and attenuated the apoptotic neuronal death induced by
6-OHDA. Furthermore, we have revealed that the protec-
tion conferred by octacosanol was related to the regulation of
death and survival signals mediated by ProNGF and NGF,
especially via inhibition of several key proapoptotic signalling
pathways mediated by JNK, Bad, p53, and the Bax/Bcl-2 ratio.
Octacosanol has been used for treating diseases as a health
agent and it is the predominant component of policosanol,
comprising approximately 63% of the mixture (policosanol).
The most widely studies of octacosanol are its cholesterol-
lowering properties, and many studies have shown that octa-
cosanol is very effective in lowering LDL and increasing HDL.
Studies on humans and rats found that policosanol could
significantly decrease LDL oxidation such as macrophage-
mediated oxidation measured by thiobarbituric-acid-reactive-
substances (TBARS) production® *. In addition, it has been
shown that policosanol seems to be an efficient inhibitor of
platelet aggregation. Octacosanol also offers cytoprotec-
tive effects. For example, octacosanol attenuated disrupted
hepatic reactive oxygen species (ROS) metabolism associated
with acute liver injury progression in CCl-intoxicated rats™.
Additionally, Policosanol showed a protective effect on the
myocardial necrosis induced by isoprenaline in a rat experi-
mental model®!. Results of another study proved an anti-
ischemic effect of policosanol administered after induction
of cerebral ischemia, in two different experimental models in
Mongolian gerbils, suggesting a possible therapeutic effect in

sl The effects of octacosanol men-

cerebral vascular disorder
tioned above made a foundation for the present study design
since the reaction mediated by reactive oxygen species was the
common feature of those pathological changes including PD.
The pathogenesis of PD is still not fully clarified, but studies
including animal models, human postmortem material, and
genetic analyses have offered us important clues. For exam-
ple, analyses of postmortem brain tissue from PD patients
and of brain tissues from animal models have shown that
the possible involvement of lipid peroxidation® oxidative
%31 induced by

oxidative stress may be attributed as a causative factor in PD.

DNA damage®”, and protein carbonylation!
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6-OHDA is a selective catecholaminergic neutotoxin that has
been used widely to produce PD models in vitro and in vivo.
Interestingly, although 6-OHDA is thought to be an exog-
enous neurotoxin, some evidence shows that 6-OHDA can be

formed in vivo from dopamine*!

, indicating that endogenous
6-OHDA may constitute one of the pathological metabolites of
PD pathogenesis. In fact, it can be detected in brain and urine
of PD patients™’. Thus, our investigation of the effects of octa-
cosanol on 6-OHDA induced rats and its molecular signaling
events should be helpful in determining whether octacosanol
is a therapeutic agent for the treatment of PD patients.

The neurotrophins are initially synthesized as proforms
which are then cleaved to release C-terminal mature forms
of neurotrophins, which regulate neuronal differentia-
tion, survival, neurite outgrowth, synaptic formation and
plasticity! *2.
converted from proNGF, selectively binds to its high affin-

For example, nerve growth factor (NGF),

ity TrkA receptors and subsequently promotes survival
and induction of neurite outgrowth of target neurons dur-
ing development®! or various stressful conditions such as
trophic factor deprivation®, endoplasmic reticulum stress!*”),
and ischemia!®!. It has also been shown that the NGF level
is decreased in PD patients and experimental parkinsonian

rats™¥,

In addition, previous studies have indicated that NGF
elicits a protective effect against oxidative stress including
H,O,, MPP*, and 6-hydroxydopamine[“s’sol. Taken the above
discussion relating to proNGF-p75NTR/sortilin mediated
apoptosis signals together, all these findings suggest that the
balance between cell death and cell survival may be deter-
mined by the ratios of proNGF: NGF and their respective
receptors p75NTR: TrkA. In our study, octacosanol (35 and 70
mg/kg) was found to effectively prevent 6-OHDA induced the
decrease of NGF and the activated forms of TrkA. Moreover,
as well known, the PI 3-kinase/ Akt pathway is particularly
the downstream pro-survival signals of NGF mediated cell
survival through TrkA receptors'”. The decreased expression
of p-Akt caused by 6-OHDA in our research could be signifi-
cantly removed by treatment with octacosanol at the dose of
70 mg/kg. However, our findings could not be confirmed by
some groups who announced that proNGF was suggested to

have a neurotrophic activity™ >

and even mediate TrkA sig-
naling under the condition of prior endocytosis and cleavage
to mature NGF™. With regard to these controversial findings,
Sobottka et al™ pointed out that none of the previous studies
have combined proNGF and mature NGF in the same cellular
context and showed that in PC12 cells, with a lower maximum
activity than NGF (58.3% as NGF did), proNGF can partially
activate TrkA-mediated neurite outgrowth but impair NGF-
mediated TrkA neurotrophic signaling.

Consistent with previous literature!®*™”, in our Parkinsonian
rats, 6-OHDA orderly activated the molecular signals from
proNGF-p75NTR/sortilin mediated apoptosis pathway while
simultaneously blocked the cascade from NGF-TrkA mediated
cell survival. Therefore, the ratios of proNGF:NGF and their
respective receptors p75NTR:TrkA increased, next the bal-
ance between neurotrophic and neurotoxic activities may be



ruined and the fate of neural cells from nigrostriatal systems
finally went to the apoptosis. Through improvement of the
oxidative-stress microenvirmonent and inhibition of apop-
totic cell death induced by 6-OHDA, octacosanol showed its
anti-parkinsonism effects in 6-OHDA induced rats and these
protective effects might be associated with its inhibition of
proNGF-p75NTR/sortilin mediated cell death and activation
of NGF-TrkA mediated cell survival. Together our present
data, similar evidence of neuroprotective effects of octacosanol
in MPTP-treated mouse models of PD (our unpublished data)
and the results of only one small scale clinical trial conducted
in 1984 further support the protective potential of octaco-
sanol in PD. To our knowledge, this is the first basic research
on the pharmacodynamic action of octacosanol in neurode-
generative diseases such as PD and our studies provide strong
evidences for the novel theory that the proNGF-p75NTR-
Sortilin signalling complex may provide a new molecular tar-
get for the therapeutic treatment of Parkinson’s disease. And
furthermore, because of the non-toxicity in animal studies™
and its excellent tolerability in clinical trials™!, it would be fea-
sible and beneficial for the healthy general population to use
octacosanol without major side effects or regular physician
monitoring. Thus, octacosanol may be a neuroprotective and
promising agent for PD treatment.

Acknowledgements

This work was supported by the grant from the National Basic
Research Development Program of China (2007CB507400) and
National High Technology Research and Development Pro-
gram of China (2006AA02A408). This research was also sup-
ported by grants from the National 973 Fundamental Project of
China, Grant Number (2009CB523004), We are indebted to the
grant from the Ministry of Science and Technology of China
Eleventh 5-year Plan-Technical Platform for Drug Develop-
ment (20092X09303).

Author contribution

Ping-ping ZUO, Hai-bo ZHU, Xin WANG, Tao WANG
designed research; Tao WANG, Yan-yong LIU, Nan YANG
performed research; Hai-bo ZHU contributed new reagents
or analytic tools; Tao WANG, Yan-yong LIU, Ping-ping ZUO
analyzed data; Tao WANG wrote the paper.

Abbreviations used

6-OHDA, 6-hydroxydopamine; AD, Alzheimer’s disease; BSA,
bovine serum albumin; CMC, carboxymethylcellulose sodium;
CAT, catalase; DA, dopamine; DAB, 3,3’-diaminobenzidine;
GSH-Px, glutathione peroxidase; JNK, Jun kinase; L-dopa,
levodopa; MDA, malondialdehyde; NGF, nerve growth factor;
Ocs, Octacosanol; PBS, phosphate buffered saline; PD, Parkinson’s
disease; ProNGF, precursor of nerve growth factor; prot., protein;
ROS, reactive oxygen species; SN, substantia nigra; SOD, super-
oxide dismutase; TH, tyrosine hydroxylase; TUNEL, Terminal
deoxynucleotidyl transferase-mediated dUTP Nick End Labeling
assay.

www.chinaphar.com
Wang T et al

®

773

References

1

10

11

12

13

14

15

16

17

18

19

20

21

22

Hirsch E, Graybiel AM, Agid YA. Melanized dopaminergic neurons
are differentially susceptible to degeneration in Parkinson’s disease.
Nature 1988; 334: 345-8.

Jenner P, Olanow CW. Oxidative stress and the pathogenesis of
Parkinson’s disease. Neurology 1996; 47: S161-70.

Sherer TB, Betarbet R, Greenamyre JT. Pathogenesis of Parkinson’s
disease. Curr Opin Investig Drugs 2001; 2: 657-62.

Blum D, Torch S, Lambeng N, Nissou M, Benabid AL, Sadoul R, et al.
Molecular pathways involved in the neurotoxicity of 6-OHDA, dopamine
and MPTP: contribution to the apoptotic theory in Parkinson’s disease.
Prog Neurobiol 2001; 65: 135-72.

Schober A. Classic toxin-induced animal models of Parkinson’s
disease: 6-OHDA and MPTP. Cell Tissue Res 2004; 318: 215-24.

Lee R, Kermani P, Teng KK, Hempstead BL. Regulation of cell survival
by secreted proneurotrophins. Science 2001; 294: 1945-8.

Nykjaer A, Lee R, Teng KK, Jansen P, Madsen P, Nielsen MS, et al.
Sortilin is essential for proNGF-induced neuronal cell death. Nature
2004; 427: 843-8.

Harrington AW, Leiner B, Blechschmitt C, Arevalo JC, Lee R, Morl K,
et al. Secreted proNGF is a pathophysiological death-inducing ligand
after adult CNS injury. Proc Natl Acad Sci U S A 2004; 101: 6226-30.
Teng HK, Teng KK, Lee R, Wright S, Tevar S, Almeida RD, et al.
ProBDNF induces neuronal apoptosis via activation of a receptor
complex of p75NTR and sortilin. J Neurosci 2005; 25: 5455-63.
Casaccia-Bonnefil P, Carter BD, Dobrowsky RT, Chao MV. Death of
oligodendrocytes mediated by the interaction of nerve growth factor
with its receptor p75. Nature 1996; 383: 716-9.

Yoon SO, Casaccia-Bonnefil P, Carter B, Chao MV. Competitive
signaling between TrkA and p75 nerve growth factor receptors
determines cell survival. J Neurosci 1998; 18: 3273-81.

Bamji SX, Majdan M, Pozniak CD, Belliveau DJ, Aloyz R, Kohn J, et al.
The p75 neurotrophin receptor mediates neuronal apoptosis and is
essential for naturally occurring sympathetic neuron death. J Cell Biol
1998; 140: 911-23.

Friedman WJ. Neurotrophins induce death of hippocampal neurons
via the p75 receptor. J Neurosci 2000; 20: 6340-6.

Roux PP, Bhakar AL, Kennedy TE, Barker PA. The p75 neurotrophin
receptor activates Akt (protein kinase B) through a phosphatidylinositol
3-kinase-dependent pathway. J Biol Chem 2001; 276: 23097-104.
Tournier C, Hess P, Yang DD, Xu J, Turner TK, Nimnual A, et al.
Requirement of JNK for stress-induced activation of the cytochrome
c-mediated death pathway. Science 2000; 288: 870-4.

Salehi AH, Xanthoudakis S, Barker PA. NRAGE, a p75 neurotrophin
receptor-interacting protein, induces caspase activation and cell
death through a JNK-dependent mitochondrial pathway. J Biol Chem
2002; 277: 48043-50.

Yao R, Cooper GM. Requirement for phosphatidylinositol-3 kinase in
the prevention of apoptosis by nerve growth factor. Science 1995;
267: 2003-6.

Kato S, Karino K, Hasegawa S, Nagasawa J, Nagasaki A, Eguchi M, et
al. Octacosanol affects lipid metabolism in rats fed on a high-fat diet.
Br J Nutr 1995; 73: 433-41.

Taylor JC, Rapport L, Lockwood GB. Octacosanol in human health.
Nutrition 2003; 19: 192-5.

Snider SR. Octacosanol in parkinsonism. Ann Neurol 1984; 16: 723.
Lee CS, Sauer H, Bjorklund A. Dopaminergic neuronal degeneration
and motor impairments following axon terminal lesion by instrastriatal
6-hydroxydopamine in the rat. Neuroscience 1996; 72 : 641-53.
Allbutt HN, Henderson JM. Use of the narrow beam test in the

Acta Pharmacologica Sinica



www.nature.com/aps
Wang T et al

774

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

rat, 6-hydroxydopamine model of Parkinson’s disease. J Neurosci
Methods 2007; 159: 195-202.

Ji C, Aisa HA, Yang N, Li Q, Wang T, Zhang L, et al. Gossypium
herbaceam extracts inhibited NF-kappaB activation to attenuate
spatial memory impairment and hippocampal neurodegeneration
induced by amyloid-beta in rats. J Alzheimers Dis 2008; 14: 271-83.

Beattie MS, Harrington AW, Lee R, Kim JY, Boyce SL, Longo FM, et al.
ProNGF induces p75-mediated death of oligodendrocytes following
spinal cord injury. Neuron 2002; 36: 375-86.

Bhakar AL, Howell JL, Paul CE, Salehi AH, Becker EB, Said F, et al.
Apoptosis induced by p75NTR overexpression requires Jun kinase-
dependent phosphorylation of Bad. J Neurosci 2003; 23: 11373-81.
Buschmann T, Adler V, Matusevich E, Fuchs SY, Ronai Z. p53
phosphorylation and association with murine double minute 2, c-Jun
NH,-terminal kinase, p14ARF, and p300/CBP during the cell cycle
and after exposure to ultraviolet irradiation. Cancer Res 2000; 60:
896-900.

Fuchs SY, Adler V, Pincus MR, Ronai Z. MEKK1/JNK signaling
stabilizes and activates p53. Proc Natl Acad Sci USA 1998; 95:
10541-6.

Donovan N, Becker EB, Konishi Y, Bonni A. JNK phosphorylation and
activation of BAD couples the stress-activated signaling pathway to
the cell death machinery. J Biol Chem 2002; 277: 40944-9.

Konishi Y, Lehtinen M, Donovan N, Bonni A. Cdc2 phosphorylation of
BAD links the cell cycle to the cell death machinery. Mol Cell 2002; 9:
1005-16.

Cui QL, Fogle E, Almazan G. Muscarinic acetylcholine receptors
mediate oligodendrocyte progenitor survival through Src-like tyrosine
kinases and PI3K/Akt pathways. Neurochem Int 2006; 48: 383-93.

Menendez R, Fraga V, Amor AM, Gonzalez RM, Mas R. Oral admini-
stration of policosanol inhibits in vitro copper ion-induced rat
lipoprotein peroxidation. Physiol Behav 1999; 67: 1-7.

Menendez R, Mas R, Amor AM, Gonzalez RM, Fernandez JC, Rodeiro
I, et al. Effects of policosanol treatment on the susceptibility of low
density lipoprotein (LDL) isolated from healthy volunteers to oxidative
modification in vitro. Br J Clin Pharmacol 2000; 50: 255-62.

Ohta Y, Ohashi K, Matsura T, Tokunaga K, Kitagawa A, Yamada K.
Octacosanol attenuates disrupted hepatic reactive oxygen species
metabolism associated with acute liver injury progression in rats
intoxicated with carbon tetrachloride. J Clin Biochem Nutr 2008; 42:
118-25.

Noa M, Herrera M, Magraner J, Mas R. Effect of policosanol on
isoprenaline-induced myocardial necrosis in rats. J Pharm Pharmacol
1994, 46: 282-5.

Molina V, Arruzazabala ML, Carbajal D, Valdes S, Noa M, Mas R, et al.
Effect of policosanol on cerebral ischemia in Mongolian gerbils. Braz
J Med Biol Res 1999; 32: 1269-76.

Dexter DT, Carter CJ, Wells FR, Javoy-Agid F, Agid Y, Lees A, et al.
Basal lipid peroxidation in substantia nigra is increased in Parkinson’s
disease. J Neurochem 1989; 52: 381-9.

Alam ZI, Jenner A, Daniel SE, Lees AJ, Cairns N, Marsden CD, et
al. Oxidative DNA damage in the parkinsonian brain: an apparent
selective increase in 8-hydroxyguanine levels in substantia nigra. J
Neurochem 1997; 69: 1196-203.

Alam ZI, Daniel SE, Lees AJ, Marsden DC, Jenner P, Halliwell B. A
generalised increase in protein carbonyls in the brain in Parkinson’s
but not incidental Lewy body disease. J Neurochem 1997; 69: 1326-
9.

Floor E, Wetzel MG. Increased protein oxidation in human substantia
nigra pars compacta in comparison with basal ganglia and prefrontal

Acta Pharmacologica Sinica

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

cortex measured with an improved dinitrophenylhydrazine assay. J
Neurochem 1998; 70: 268-75.

Andrew R, Watson DG, Best SA, Midgley JM, Wenlong H, Petty RK. The
determination of hydroxydopamines and other trace amines in the
urine of parkinsonian patients and normal controls. Neurochem Res
1993; 18: 1175-7.

Friedman WJ, Greene LA. Neurotrophin signaling via Trks and p75.
Exp Cell Res 1999; 253: 131-42.

Hennigan A, O’Callaghan RM, Kelly AM. Neurotrophins and their
receptors: roles in plasticity, neurodegeneration and neuroprotection.
Biochem Soc Trans 2007; 35: 424-7.

Huang EJ, Reichardt LF. Trk receptors: roles in neuronal signal
transduction. Annu Rev Biochem 2003; 72: 609-42.

Deshmukh M, Johnson EM Jr. Programmed cell death in neurons:
focus on the pathway of nerve growth factor deprivation-induced
death of sympathetic neurons. Mol Pharmacol 1997; 51: 897-906.
Takadera T, Ohyashiki T. Apoptotic cell death and CPP32-like
activation induced by thapsigargin and their prevention by nerve
growth factor in PC12 cells. Biochim Biophys Acta 1998; 1401: 63-
71.

Andsberg G, Kokaia Z, Bjorklund A, Lindvall O, Martinez-Serrano A.
Amelioration of ischaemia-induced neuronal death in the rat striatum
by NGF-secreting neural stem cells. Eur J Neurosci 1998; 10: 2026-
36.

Lorigados Pedre L, Pavon Fuentes N, Alvarez Gonzalez L, McRae A,
Serrano Sanchez T, Blanco Lescano L, et al. Nerve growth factor
levels in Parkinson disease and experimental parkinsonian rats.
Brain Res 2002; 952: 122-7.

Jackson GR, Werrbach-Perez K, Ezell EL, Post JF, Perez-Polo JR. Nerve
growth factor effects on pyridine nucleotides after oxidant injury of rat
pheochromocytoma cells. Brain Res 1992; 592: 239-48.

Halvorsen EM, Dennis J, Keeney P, Sturgill TW, Tuttle JB, Bennett JB Jr.
Methylpyridinium MPP’- and nerve growth factor-induced changes in
pro- and anti-apoptotic signaling pathways in SH-SY5Y neuroblastoma
cells. Brain Res, 2002; 952: 98-110.

Salinas M, Diaz R, Abraham NG, Ruiz de Galarreta CM, Cuadrado
A. Nerve growth factor protects against 6-hydroxydopamine-induced
oxidative stress by increasing expression of heme oxygenase-1 in a
phosphatidylinositol 3-kinase-dependent manner. J Biol Chem 2003;
278: 13898-904.

Fahnestock M, Yu G, Michalski B, Mathew S, Colquhoun A, Ross GM,
et al. The nerve growth factor precursor proNGF exhibits neurotrophic
activity but is less active than mature nerve growth factor. J Neuro-
chem 2004; 89: 581-92.

Althaus HH, Kloppner S. Mature pig oligodendrocytes rapidly process
human recombinant pro-nerve growth factor and do not undergo cell
death. J Neurochem 2006; 98: 506-17.

Boutilier J, Ceni C, Pagdala PC, Forgie A, Neet KE, Barker PA. Pro-
neurotrophins require endocytosis and intracellular proteolysis to
induce TrkA activation. J Biol Chem 2008; 283: 12709-16.
Sobottka B, Reinhardt D, Brockhaus M, Jacobsen H, Metzger F.
ProNGF inhibits NGF-mediated TrkA activation in PC12 cells. J
Neurochem 2008; 107: 1294-303.

Aleman CL, Mas R, Hernandez C, Rodeiro |, Cerejido E, Noa M, et al.
A 12-month study of policosanol oral toxicity in Sprague Dawley rats.
Toxicol Lett 1994; 70: 77-87.

Fernandez L, Mas R, llinait J, Fernandez JC. Policosanol: results of a
postmarketing surveillance study of 27,879 patients. Curr Ther Res
Clin Exp 1998; 59: 717-22.





