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INTRODUCTION

Activation of lipid peroxidation is an important
component of the metabolic cascade that develops dur-
ing various brain disorders such as stroke, brain trauma,
neurodegenerative diseases, and neural infections.
Therefore antioxidative drugs are indispensable in clin-
ical practice. It is well established that many nootropic
agents, such as pyracetam [1], combine the ability to
restore damaged cognitive functions with the neuropro-
tective effect. Normalization of interrelations between
the prooxidant and antioxidant systems may play a sig-
nificant role in realization of this effect. The antioxidant
properties of pyracetam have also been described in the
literature [2, 3]. However, an insufficient efficiency of
pyracetam and the lack of convincing data about the
mechanism of its action have provoked a search for
other nootropics with higher biological stability [4].
Studies on carnosine and related compounds confirmed
the high biologic activity of dipeptides [5]. An original
approach to searching for highly effective nootropics
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has been developed at the Institute of Pharmacology of
the Russian Academy of Medical Sciences. It is based
on the synthesis of dipeptides containing one of the
endogenous pirrolidine carbonic amino acids, pyro-
glutamate, or proline [6, 7]. This approach, based on the
hypothesis of a peptidergic mechanism of the pyrace-
tam effect, was used for preparation of a series of

 

N

 

-acyl derivatives of proline. Noopept (ethyl ester of

 

N

 

-phenylacetyl-

 

L

 

-prolylglycine) was selected for fur-
ther studies owing to its pronounced antiamnesic and
neuroprotective effects [8, 9].

Noopept was experimentally shown to surpass
pyracetam both in its effective dose (Noopept acts at a
dose 1000-fold less than that of pyracetam) and in the
spectrum of its mnemonic activity. Pyracetam facili-
tates only the early phases of information processing,
whereas Noopept also affects the process of consolida-
tion, storage and extraction of information in the brain
[10]. Previously, experimental evidence was obtained
for its capacity for preventing LPO activation and the
deficiency of antioxidant system induced by animal
immobilization [11, 12]. The pronounced neuroprotec-
tive effect of Noopept was demonstrated during exper-
imental brain ischemia [13] and on various models of
neuronal cultures. Noopept prevents accelerated neu-
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Abstract

 

—The antioxidative activity of the nootropic dipeptide Noopept (the ethyl ether of 

 

N

 

-phenylacetyl-

 

L

 

-
prolylglycine, GVS-111) was studied on a model of 

 

Fe

 

2+

 

-induced chemiluminescence (CL) of serum lipopro-
teins from healthy human donors in vitro. Efficiency of the following antioxidant agents has been compared:
Noopept, pyracetam (the non-peptide prototype of Noopept), the PBN antioxidant (

 

N

 

-tert-butyl-

 

α

 

-phenylnitron
that acts as a free radical trap), and mannitol, which is used as a neuroprotective drug in the treatment of brain
edema. Noopept was shown to modulate the duration of the CL latent period (

 

τ

 

) that reflected an endogenous
antioxidant potential. Noopept and PBN caused a maximum increase in this parameter of 3.4 and 3 times rela-
tive to the control, respectively. At the same time, Noopept appeared to be more effective, because it acted at
lower concentrations compared to PBN. Our results demonstrated that Noopept protected human serum lipo-
proteins from 

 

Fe

 

2+

 

-induced lipid peroxidation. This effect, in combination with its previously found nootropic
and neuroprotective properties, made this systemically active dipeptide a promising clinical drug for the treat-
ment of stroke and other disorders associated with deficiency of the endogenous antioxidant system.
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ronal death and increases neuronal survival [14]. Its
antioxidant activity, its capacity to block the neurotoxic
effects of calcium ions [15], and glutamate [16], inhibi-
tion of glutamate release [17], its anti-inflammatory
effect [18] and its ability to improve the rheological
properties of blood [19] were shown to be the basis of
this effect.

Application of new neuroprotectors to clinical prac-
tice is limited by the lack of methods of determination
of their anti-oxidant potential. This study was aimed at
quantitative determination of a Noopept anti-oxidant
effect on the model of 

 

Fe

 

2+

 

-induced CL of serum lipo-
proteins from healthy donors in vitro.

MATERIALS AND METHODS

We used a chemiluminescent analysis of the

 

Fe

 

2+

 

-induced oxidation of blood lipoproteins of healthy
donors to estimate the effects of Noopept on LPO
parameters. We also used the following comparison
agents: pyracetam standard nootropic agent [1]; PBN,
which serves as a free radical trap [20], and mannitol,
which is used in clinical practice as a neuroprotector
mainly during brain edema [21].

Chemiluminescence analysis was conducted as
described previously [22–24]. Serum was obtained
from the blood of volunteers on an empty stomach. Fol-
lowing this, 200 

 

µ

 

l of the serum were supplemented
with 2000 

 

µ

 

l of 0.28% CaCl

 

2

 

 and 40 

 

µ

 

l of 1% heparin.
After centrifugation at 3000 rpm for 15 min, the sus-
pension of lipoproteins of low and very low density was
obtained and used as the oxidation substrate. Phosphate
buffer (pH 7.45, 900 

 

µ

 

l) containing 60 mM KH

 

2

 

PO

 

4

 

and 105 mM KCl was added to the lipoprotein suspen-
sion. A cuvette with the lipoprotein suspension was
placed into a Luminometer-1251 chemiluminometer
(LKB, Sweden) and the background chemilumines-
cence was recorded in duplicates or triplicates. Chemi-
luminescence was initiated by the addition of 

 

FeSO

 

4

 

 at
a final concentration of 2.5 mM. The following param-
eters were measured: amplitude of the fast CL flash (h,
mB), which characterizes the level of the pre-formed
LPO products (mainly lipid hydroperoxides), the dura-
tion of the latent CL period (

 

τ

 

, c) indicative of the anti-
oxidant potential, and the maximal CL value (H, mB)
characteristic of the lipoprotein capacity for peroxida-
tion. The rate of lipoprotein oxidation was calculated
from the slope of the CL curve (in relative units per sec-
ond). Solutions of the examined compounds (pH 7.45)
in combination with compensating volumes of phos-
phate buffer were added to the examined samples 30
sec before 

 

FeSO

 

4

 

 addition. Effects of the examined
compounds were compared in the concentration range
from 

 

10

 

–6

 

 to 

 

2 

 

×

 

 10

 

–3

 

 M. Changes in the CL parameters
were expressed as a percentage related to the control
values for the samples diluted with the corresponding
volumes of the standard buffer.

The Biostat computer program was applied for sta-
tistical data processing using the parametric Student

 

t

 

-test. The results were presented as 

 

M 

 

±

 

 S.E.M

 

.

RESULTS AND DISCUSSION

The examined compounds affected the chemilumi-
nescence in a different degree. As one can see from
Fig. 1a, PBN significantly inhibited the value of CL ini-
tial flash (h). It was augmented proportionally to the
concentration of this drug (by 92% with respect to the
control at the maximum concentration). These results
witness to the ability of this drug to interact with pre-
formed peroxides. Pyracetam and Noopept did not sig-
nificantly change this index in the tested concentration
range.

The maximum LPO value (H) (Fig. 1b) was exclu-
sively inhibited only by PBN, and this effect began to
be detectable at its higher concentrations in the sample
(

 

10

 

–4

 

 – 2 

 

×

 

 10

 

–3

 

 M). The ability of PBN to inhibit the
rapid CL flash (h) and to decrease the maximal LPO
value (H) confirms its characteristics as a free radical
trap and an LPO inhibitor. We have previously
described a similar effect for trolox, which is a hydro-
philic synthetic analog of vitamin E [25] and is well-
known as another antioxidant of direct action.

The lipoprotein oxidation rate (Fig. 1c) was also sig-
nificantly decreased in a dose-dependent manner after
PBN addition to the incubation medium. Pyracetam
and Noopept did not affect this CL parameter.

The ability of Noopept and the other compounds
(except mannitol, which was inactive according to all
measured parameters) to increase duration of the latent
CL phase (

 

τ

 

) appeared to be the most important. This
effect reflects an endogenous antioxidant potential in
the studied structural elements of human blood
(Fig. 1d). The maximum increase in duration of the
latent period was observed for Noopept (3.4 fold versus
the control) and PBN (3 fold versus the control), which
indicates the ability of these compounds to protect
human plasma lipoproteins from the 

 

Fe

 

2+

 

-induced lipid
peroxidation. Noopept proved to be the most effective,
because it acted at lower concentrations in the sample
than PBN.

All the effective drugs operated in a dose-dependent
manner (see Fig. 1d). At the same time, this dependence
was linear for PBN, whereas it showed a bell shape for
Noopept, which has been observed for many other bio-
logically active peptides [26]. Pyracetam was shown to
have a similar pattern, which also suggests the involve-
ment of a peptidergic component in the mechanism of
its action [6].

The effect of Noopept revealed in this study is in
good agreement with the properties of this dipeptide as
described previously. Thus, incubation of neurons iso-
lated from the cortical tissue of 17-21-week-old healthy
human embryos previously affected by hydrogen per-
oxide or 

 

FeSO

 

4

 

, as well as the fetus of a Down syn-
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drome carrier prevented the development of oxidative
stress and significantly increased neuron survival in the
presence of Noopept (

 

10

 

–6

 

 M) [14]. It can be supposed
that the antioxidant effect of Noopept plays an impor-
tant role in its antiapoptotic action. Preventively
injected Noopept was also shown to increase the activ-
ity of SOD and other components of the antioxidant
system (catalase and ceruloplasmin) in the brain tissue
and in the blood plasma of experimental animals in a
model of immobilization stress [12]. It is believed that
this drug facilitates the initiation of additional protec-
tive mechanisms, both in vivo and in a continuous neu-
ron culture, which provides stability to the damaging
effect of free radical forms of oxygen.

These data on Noopept’s ability to maintain endog-
enous antioxidant potential in human blood lipopro-
teins are presented for the first time. They not only sug-
gest the expediency of the use of this drug for the treat-
ment of a wide spectrum of types of brain damage,
which are characterized by the deficiency of the endog-
enous antioxidant defense, but attract attention to other

possibilities of its application as well. Atherosclerosis
is known to be one of the health hazards of the develop-
ment of vascular pathology of the brain and heart [27],
and the oxidative modification of atherogenic class
low-density lipoproteins is an essential element of its
pathogenesis. Noopept may decrease the damaging
effect of oxidized lipoproteins on the vascular wall.

This study confirmed that the method of 

 

Fe

 

2+

 

-
induced chemiluminescence of blood serum lipopro-
teins is an adequate model for the quantitative determi-
nation of lipid peroxidation and the characteristics of
the antioxidant effect of biologically active com-
pounds. This model allows the in vitro identification of
the differences in the mechanisms of action of these
compounds. This method can allow the prediction of
antioxidant efficiency under clinical conditions.

Thus, Noopept surpasses other drugs in its ability to
increase the activity of endogenous antioxidant protec-
tive mechanisms. These results, in combination with
the previously observed nootrophic and neuroprotector
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The effect of Noopept, pyracetam, PBN, and mannitol on parameters of the 

 

Fe

 

2+

 

-induced chemiluminescence of lipoproteins from
blood serum of healthy donors. The results are presented as a percentage versus the control (the control is 100%). a, the level of pre-
formed lipid hydroperoxides (h); b, maximum value of LPO (H); c, the rate of lipoprotein oxidation; d, lipoprotein resistance to
LPO (

 

τ

 

). The concentration (M) is plotted on the X axis.
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properties of Noopept, indicate that it is a promising
drug for clinical practice.
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