Pentaerythritol Tetranicotinate (niceritrol) Decreases Plasma
Lipoprotein(a) Levels
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We determined the most effective dosage of pentaerythritol tetranicotinate (niceritrol) to reduce plasma lipoprotein{a) [Lp(a}]
levels in 44 Japanese patients (16 men and 28 women; mean age, 59.2 = 10.8 years) with hyperlipidemia types lla, llb, and IV,
Patients received oral niceritrol at a dosage of 750 mg (3 tablets)/d for 8 weeks, followed by 1,500 mg (6 tablets)/d for 8 weeks.
Administration of niceritrol 750 mg/d for 8 weeks decreased total and low-density lipoprotein (LDL) cholesterol in patients
with type lla hyperlipidemia and decreased triglycerides in patients with type IV hyperlipidemia, but did not affect Lp(a).
However, niceritrol 1,500 mg/d for 8 weeks decreased Lp(a) in patients with initial Lp(a) levels greater than 30 mg/dL in
addition to decreasing total and LDL cholesterol and triglycerides. These results suggest that the effective dosage of niceritrol
to reduce the serum Lp(a) concentration in Japanese hyperlipidemic patients with a high Lp(a) level (=30 mg/dL)} is greater

than 1,500 mg/d.
Copyright © 1997 by W.B. Saunders Company

IRST DESCRIBED IN 1963 by Berg,' lipoprotein(a)
[Lp(a)] has recently been attracting great interest as an
important independent risk factor for such atherosclerotic
vascular diseases as ischemic heart disease and cerebrovascular
disease, 28 although its impact is controversial.” Lp(a) concentra-
tion has been thought to be unrelated to clinical or biochemical
parameters, but to be determined mainly by genetic varia-
tions.'%!! The effectiveness of nicotinic acid, @ commonly used
lipid-lowering drug, in decreasing plasma Lp(a) levels was
recently reported by Carlson et al.'? This finding prompted us to
investigate the effects of pentaerythritol tetranicotinate (niceri-
trol), the prodrug of nicotinic acid, on plasma Lp(a).!31* In this
study, we determined the effective dosage of niceritrol to reduce
plasma Lp(a) levels in Japanese patients with hyperlipidemia.

SUBJECTS AND METHODS
Subjects

Forty-four patients (16 men and 28 women; mean age, 59.2 = 10.8
years) with hyperlipidemia were studied prospectively. Patients were
required to have baseline serum triglyceride concentrations higher than
150 mg/dL or serum total cholesterol concentrations higher than 220
mg/dL, despite the dietary stabilization and life-style modification
observed during a 6-week pretrial period, as proposed by the National
Cholesterol Education Program.! Familial hypercholesterolemia, type [
or III hyperlipoproteinemia, and secondary hyperlipoproteinemia were
excluded. Clinical characteristics of the patients are listed in Table I.
The patients received oral niceritrol 750 mg (3 tablets)/d for 8 weeks
and 1,500 mg (6 tablets)/d for a further 8 weeks after each meal
according to the study protocol.

Measurements of Lp(a) and Lipids

Blood samples for the lipid profile were drawn after an overnight fast
of longer than 12 hours before and at 8 and 16 weeks of treatment.
Plasma Lp(a) was determined by an enzyme-linked immunosorbent
assay (TintEliza Lp(a); Biopool, Ume&, Sweden), and serum lipid levels
were measured by routine laboratory methods using autoanalyzers as
previously described. !0

Statistical Analysis

Conventional methods were used for calculation of the mean + SEM
and median values. Significance between variables before and after
treatment with niceritrol was determined by the Wilcoxon signed-rank
test.
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RESULTS

Effects of Niceritrol on Plasma Total Cholesterol, Triglyceride,
High-Density Lipoprotein Cholesterol, and Low-Density
Lipoprotein Cholesterol Levels

In patients with type Ila hyperlipidemia, plasma total and
low-density lipoprotein (LDL) cholesterol decreased signifi-
cantly after 8 weeks of treatment with niceritrol 750 mg/d, and
further decreases occurred after 8 weeks of treatment with
niceritrol 1,500 mg/d (Table 2). Plasma triglyceride and high-
density lipoprotein (HDL) cholesterol levels in type Ila hyperlip-
idemic patients were not changed by treatment with niceritrol
(Table 2). Total cholesterol and LDL cholesterol concentrations
of patients with type IIb hyperlipidemia were decreased by
treatment with niceritrol, but the changes were not significant
(Table 2). Plasma triglyceride level in type IIb hyperlipidemic
patients was not changed by treatment with niceritrol. HDL
cholesterol was increased after 8§ weeks of treatment with
niceritrol 750 mg/d in patients with type IIb hyperlipidemia
(Table 2). In patients with type IV hyperlipidemia, total and
LDL cholesterol did not change throughout tréatment (Table 2),
In patients with type IV hyperlipidemia, triglycerides decreased
without significance after administration of niceritrol 750 mg/d
for 8 weeks, and decreased with significance after 8 weeks’
administration of niceritrol 1,500 mg/dL (Table 2). HDL
cholesterol in patients with type IV hyperlipidemia increased
significantly with niceritrol (Table 2).

Effects of Niceritrol on Plasma Lp(a) Levels

The effect of niceritrol on plasma Lp(a) levels was investigated with
43 patients entered in this study (N = 44). Table 3 shows the effects of
niceritrol on serum Lp(a) level. In patients with an initial Lp(a) level
greater than 30 mg/dL, the first 8 weeks of treatment with niceritrol at a
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Table 1. Clinical Characteristics of the Patients

Value
Characteristic (N = 44)

Age, yr {(mean = SE) 59.2 = 10.8
Sex (n)

Male 16

Female 28
Type of hyperlipidemia (n)

lla 23

b 14

v 7

dosage of 750 mg/d did not affect Lp(a) significantly. However,
niceritrol 1,500 mg/d decreased Lp(a) levels significantly after 8 weeks
(median Lp(a) before, at 8 weeks, and after treatment, 44.0, 38.0, and
38.0 mg/dL, respectively). In contrast, neither the low (750 mg/d) nor
the high (1,500 mg/d) dosage of niceritrol altered Lp(a) levels in
patients with an Lp(a) level less than 30 mg/dL (median Lp(a) before, at
8 weeks, and after treatment, 13.5, 11.0, and 10.0 mg/dL, respectively).
The mean and median reduction rate of Lp(a) in all patients at 16 weeks
of treatment was 13.6% and 16.7%, respectively, and in patients with an
initial Lp(a) level greater than 30 mg/dL, 25.0% and 18.4%, respec-
tively. This significant decrease in Lp(a) levels was obtained during
administration of niceritrol 1,500 mg/d. The initial Lp(a) level in type
I1a hyperlipidemia is higher compared with levels in type IIb and type
1V patients in this study, by accident. Reflecting this difference in the
initial serum concentratlon, Lp(a) is significantly decreased by niceri-
trol in type Ila patients, but levels i in type IIb or IV patients were not
reduced in this study (Table 3).

Table 2. Effects of Niceritrol on Plasma Cholesterol and Triglyceride
Levels {(mean = SEM, mg/dL)

" Parameter 0 Weeks " 8 Weeks 16 Weeks
TC
All cases 253.2 £ 58 2411 =58 236.6 = 5.1t
lla 263.5 * 4.6 247.4 + 5.6%  240.2 + 6.6t
Itb 2655 =112 2574+ 12 246.8 * 8.4
v 1947 7.2 191.0 38 2044 = 112
TG
All cases 165.3 + 15.3 153.4 = 15 156.5 = 17
Na 94153  106.4 = 11 107.0 = 11
b 2426 + 253 2202 + 36 232.1 + 41
v 244.7 = 405  177.0 = 28 167.7 + 36*
HDL cholesterol o
All cases 52.3 + 2.1 55.0 = 2.3 545+ 2.6
lla 62.1+ 23 63.2 + 3.1 63.6 = 3.7
b 435+ 1.6 47.8 + 1.9% 448+ 25
v 37.7 £ 4.0 42,5 + 5.0* 43.9 = 4.9%
LDL cholesterol
All cases 167.9 = 5.9 155.5 + 5.4*  150.8 * 5.21
lla 1826 £ 50 1630557 1562 6.1%
Il 17356+109 1655=11.2 155.6 £ 11.0
v 108.0 + 6.4 113.1 = 5.4 126.9 = 11.9

NOTE. lla, patients with pretreatment TC >220 mg/dl. and TG <150
mg/dL; llb, patients with pretreatment TC >220 mg/dL and TG >150
mg/dL IV, patients with pretreatment TC <220 mg/dL and TG >150
mg/dL.

Abbreviations: TC, total cholesterol; TG, triglycerides.

*P< 05, 1P < .01, P < .001: vO weeks.
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Table 3. Effect of Niceritrol on Plasma Lp(a) Level
(mean = SEM, mg/dL)

Group 0 Weeks 8 Weeks 16 Wéeks

All cases (n = 43) 27.1+39 26.4 = 4.2 227 = 3.5%
Lp(a) > 30 mg/dL

{n = 13) 55.7 + 8.3 52.7 + 8.6 43.7 + 8.4*
Lp(a) < 30 mg/dL

{n = 30} 14.7 + 1.6 13.7 = 21 13520
lia 374686 39.9+73 32.8 + 6.3*
b 18.4 = 3.6 16.8 = 4.3 16.4 + 4.0
v 12.0 £ 2.7 13.1 = 3.9 11.4 =31
*P < .01 vO weeks.

DISCUSSION

The protein moiety of Lp(a) is composed of one molecule of
apolipoprotein (apo) B-100, the major protein constituent of
LDL, and one molecule of apo(a), a large glycoprotein attached
to apo B-100 by a disulfide bond.’™!* ¢cDNA nucleotide se-
quence analyses have shown that apo(a) has a high degree of
homology with plasminogen, a plasma protein involved in the
fibrinolytic process.?’ Because of this homology, Lp(a) may
compete with plasminogen, hence interfering with the thrombo-
lytic process,21?2 and may be a risk factor for coronary artery
disease and cerebrovascular disease.36%23 Recent reports have
suggested that elevated Lp(a) concentrations are also associated
with intermittent claudication® and intima-media carotid thick-
ening? independent of other important risk factors for periph-
eral atherosclerosis. Therefore, reducing plasma Lp(a) may
prevent peripheral atherosclerosis in addition to decreasing
cardiovascular and cerebrovascular disease morbidity and mor-
tality in patients with hyperlipidemia. However, Lp(a) cannot be
decreased by the usual treatments for hyperlipidemia.?2
Alcohol,*® nicotinic acid with or without neomycin,'?3!
a-tocopheryl nicotinate,?? N-acetylcysteine,® and the anabolic
steroid stanozolon® reportedly decrease Lp(a) concentrations.
Niceritrol, the nicotinic acid ester (Fig 1) and ‘a prodrug of
nicotinic acid, is one of the few drugs that reduce plasma Lp(a)
concentration.!31435 It is gradually hydrolyzed and released as
nicotinic acid in the body after absorption. So, the rate of
adverse effects of niceritrol such as flushing of the face and
gastromtestmal symptoms is smaller than that of nicotinic acid.
A secondary and prolonged elevation of plasma free fatty acids
is not observed after niceritrol administration, whereas it is
observed after nicotinic acid.*® However, the effective dosage of
niceritrol to decrease plasma Lp(a) has not been clarified.

We studied the effects of niceritrol 750 and 1,500 mg/d on
serum Lp(a). Administration of niceritrol 750 mg/d for 8 weeks
did not affect plasma Lp(a) levels, although plasma total and
LDL cholesterol levels were decreased in patients with type Ila
hyperlipidemia (Table 2). However, Lp(a) in patients with an
initial Lp(a) level greater than 30 mg/dL was decreased
significantly by niceritrol 1,500 mg/d for 8 weeks (Table 3).
These results suggest that niceritrol decreases plasma choles-
terol at a dosage of 750 mg/d and that the effective dose of
niceritrol to decrease plasma triglyceride in patients with type
IV hyperlipidemia and Lp(a) is greater than 1,500 mg/d.
Kazumi et al¥’ reported that Lp(a) levels were decreased
significantly by administration of niceritrol 750 mg/d for 8
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Fig 1. Structure of nicotinic acid S
{a) and niceritrol (b).

weeks and that no additional reductions were found even
though the dose of niceritrol was increased to 1,500 mg/d in
nonproteinuric non-insulin-dependent diabetes mellitus pa-
tients. Another report indicates the same result, although the
disease etiology of the patients was not described.®® The cause
of the discrepancy between these two prior reports and our
result is unclear, but subject differences might explain this. Our
study was performed on patients with hyperlipidemia, and
patients with diseases that can cause secondary hyperlipoprotein-
emia were excluded, so our result can be applied to only
primary hyperlipidemic patients.

In patients with Lp(a) levels less than 30 mg/dL, niceritrol
1,500 mg/d did not induce serum Lp(a) reduction. These results
are consistent with previous reports that significant reductions
in Lp(a) occurred in 15 patients with initial Lp(a) values greater
than 30 mg/dL, but not in seven patients with pretreatment
values less than 30 mg/dL.* Other research also showed that
niceritrol significantly reduced serum Lp(a) in patients with an
initially high level (=20 mg/dL)."* Our findings are in agree-
ment with these reports. This is clinically important, because
individuals who have the highest risk due to high Lp(a) levels
will benefit most from niceritrol.

The initial Lp(a) level in type Ila hyperlipidemia is higher

357

(b)

O—COOHZC ~ /CHZOOC U
@COOHZC - \CHZOOC O

compared with that in type IIb and type IV hyperlipidemia in
this study. As far as we know, there is no report that suggests a
relation between the serum Lp(a) level and the type of
hyperlipidemia. So, it is thought that the high Lp(a) concentra-
tion in type IIa hyperlipidemia in this study is an accidental
result. Reflecting this difference in the initial serum concentra-
tion, Lp(a) is significantly reduced by niceritrol in type Ila
patients, but levels in type IIb or IV patients were not reduced in
this study (Table 3).

In patients with type IIb hyperlipidemia, there were no
significant decreases in plasma total and LDL cholesterol and
triglyceride even if a tendency for a decrease in these plasma
lipid was observed (Table 2). A large-scale study may prove the
decrease in plasma cholesterol and triglyceride levels by treat-
ment with niceritrol in patients with type IIb hyperlipidemia.

In conclusion, results of the present study suggest that
administration of niceritrol 1,500 mg/d reduces plasma Lp(a) in
Japanese hyperlipidemic patients with an Lp(a) level greater
than 30 mg/dL, in addition to decreasing plasma total and LDL
cholesterol in patients with type Ila hyperlipidemia and triglyc-
erides in patients with type IV hyperlipidemia (Table 2), and
that this therapy may decrease the risk of atherosclerosis.
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