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ABSTRACT

AIM: To study the effects of centrophenoxine (CPH, meclofenoxate) on chronic cerebral hypoperfusion induced
deficits in rats.  METHODS: Chronic hypoperfusion in rats was performed by permanent bilateral ligation of the
common carotid arteries.  Morris water maze was used to measure spatial memory performance.  Spectrophoto-
metrical techniques were used to assay SOD, GPx activities, MDA content, TXB2, and 6-keto-PGF1α levels.  Mor-
phological change was examined by HE staining.  The expression of Bax and p53 protein were assayed by immuno-
histochemistry analysis.  RESULTS: Chronic hypoperfusion in rats resulted in spatial memory impairments shown
by longer escape latency and shorter time spent in the target quadrant.  These behavioral dysfunction were accom-
panied by increase in SOD and GPx activities, the content of MDA, the levels of pro-inflammatory mediators
(TXB2, 6-keto-PGF1α), overexpression of Bax and P53 protein, and delayed degeneration of neurons in cortex and
hippocampus.  Oral administration of CPH (100 mg/kg, once per day for 37 d) markedly improved the memory
impairment, reduced the increase in antioxidant enzyme activities, MDA content and the levels of pro-inflammatory
mediators to their normal levels, and attenuated neuronal damage.  CONCLUSION: The abilities of CPH to attenu-
ate memory deficits and neuronal damage after ischemia may be beneficial in cerebrovascular type dementia.

INTRODUCTION

With increasing number of elderly in world
populations, dementia, characterized by progressive loss
of memory and higher cortical functions, has given rise
to enormous socioeconomic burden.  Apart from
Alzheimer’s disease, vascular dementia (VD) is usually
considered the second most common dementia produced

by ischemia, hypoxia, or haemorrhagic brain lesion.
Among the studies on its pathogenic mechanisms, free
radicals theory of aging has brought growing interest.
Free radicals are highly reactive molecules that initiate
radical chain reactions and damage cellular macro-
molecules, including proteins, DNA, and lipids, ulti-
mately leading to cell death[1,2].  It was reported that in
patients with VD, hydroxyl radical (OH-) levels in blood
were significantly higher than that in the control, whereas
SOD activity was lower[3].  These findings introduced
the possibility of using antioxidants as therapeutic in-
tervention in patients with VD.

Centrophenoxine (CPH), an ester of p-chloro-
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phenoxyacetic acid (PCPA) and dimethylaminoethanol
(DMAE)[4], is a potent nootropic that acts to stimulate
glucose uptake, oxygen consumption, and promote en-
ergy metabolism in the brain[5,6].  Beneficial effects of
CPH treatments have been observed in pathological
states, such as cerebral atrophy, brain injuries, and
chronic alcoholism[7].  During the past two decades, it
is interesting to note that DMAE, the effective part of
the CPH molecule, is an efficient OH- radical scavenger[8].
It has also been shown that the rates of brain RNA-
synthesis of CPH-treated animals were markedly
elevated than that of the control[8], and memory deficits
in aged subjects and patients with VD were relieved,
without any remarkable side effects[9,10].  These find-
ings have prompted us to explore whether CPH has
beneficial effects in the cerebral ischemia model.

MATERIALS  AND  METHODS

Chemicals  Centrophenoxine[5,11,24] (colorless
power, purity >98 %) was a product of Shanghai Huaihai
Pharmaceutical Co.  Assay kits of malondialdehyde
(MDA), superoxide dismutase (SOD), glutathione per-
oxidase (GPx) were purchased from Nanjing Jiancheng
Bio-Tek Co.  Assay kits of thromboxane B2 (TXB2), 6-
keto-PGF1α were purchased from Medical School of
Soochow•University.  Rabbit anti-mouse p53 mono-
clonal IgG (sc-100) and rabbit anti-mouse Bax mono-
clonal IgG (sc-7480) were purchased from Santa Cruz
Biotechnology.

Animal  Adult male Sprague-Dawley rats weigh-
ing 180-200 g were used (Shanghai Experimental Ani-
mal Center, Chinese Academy of Sciences).  They were
housed 5 per cage in a temperature and humidity-con-
trolled room ( temperature: 22±1 ºC, humidity: 60 %)
with free access to food and water.  The rats were kept
on a 12-h light/dark cycle.  The rats were acclimatized
to housing conditions for at least 4 d before use.

Surgery  The rats were anesthetized with chloral
hydrate (350 mg/kg, ip).  Bilateral common carotid ar-
teries were exposed through a midline neck incision,
double ligated with 4-0 type surgical silk, and cut be-
tween ligation in ischemia rats.  The sham-operated rats
received the same operation except ligation.  During
ischemia, body temperature was maintained at 37.5±0.5 ºC
by means of a heating lamp until the rats recovered
thermal homeostasis.

Water maze task  The rats’ spatial memory
performance were evaluated using a Morris water

maze[11].  Each rat received two trials everyday for 5
consecutive days.  Latency to escape onto the hidden
platform was recorded.  On the fifth training day, each
rat was subjected to a 60 s probe trial in which the
platform was removed and the time spent in Q3 was
recorded.  To examine the possibility that the differ-
ence in spatial learning between groups, if any, was
associated with vision impairment, the escape latency
of each rat was determined with the visible platform at
1 cm above water surface after the probe trial.  Swim-
ming activities were monitored by a video camera linked
to a computer-based image analyzer.  Test was per-
formed between 9:30 and 11:00 AM.  CPH was admin-
istered orally 30 min before the test.

Biochemical examinations  Rats were killed by
decapitation, the cerebral cortex, hippocampus and stria-
tum were separated on ice, and were homogenized with
ice-cold saline to be 10 % (w/v) homogenates.  The
extents of membrane lipid peroxidation in brain were
monitored by measuring MDA formation[13].  The assay
for SOD was based on its ability to inhibit the oxidation
of oxymine by O2

– produced from the xanthine/xanthine
oxidase system[14].  GPα activity was determined
according to the method of Daret et al[15].  TXB2 and 6-
keto-PGF1α were determined, according to the manufac-
turer’s instructions.  Protein concentration was mea-
sured by the Coomassie blue protein-binding[16] using
bovine serum albumin (BSA) as standard.

Morphology  Three or four rats chosen randomly
from each group were anesthetized with chloral hy-
drate (350 mg/kg, ip) after behavior experiment, and
then perfused transcardially with normal saline followed
by 4 % paraformaldehyde.  All brains were then
postfixed in the same fixative at 4 ºC, dehydrated and
then embedded in paraffin blocks.  Coronal sections of
8 µm were stained with hematoxylin-eosin.

Immunohistochemistry  Tissue sections were
deparaffinized and rehydrated through graded alcohol.
Endogenous peroxidase activity was blocked by incu-
bation in 10 % hydrogen peroxide for 10 min.  After
three times rinses with PBS, the sections were blocked
with 1:10 normal goat serum to suppress nonspecific
background staining.  Then, the primary antibody, rab-
bit anti-mouse p53 monoclonal antibody and rabbit anti-
mouse Bax monoclonal antibody was applied at 1:50
dilution.  After incubation for 20 h at 4 ºC, the sections
were incubated with biotinylated goat anti-rabbit IgG
(1:100, 37 ºC, 1 h), then followed by SABC kit.  The
sections were subsequently incubated with diamino-
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benzidine 0.5 g/L, observed under light microscope.
Statistical analysis  Results were presented as

mean±SEM.  Groups difference in the escape latency
in the Morris water maze training task were analyzed
with two-way analysis of variance (ANOVA).  Data
collected from the probe trials and the biochemical stud-
ies were analyzed using one-way ANOVA followed by
Duncan’s test.  A value of P<0.05 was considered sta-
tistically significant.

RESULTS

Effects of CPH on water maze learning  The
rats with chronic hypoperfusion took longer to find the
platform than did sham-operated rats [F(3,72)=5.848;
P<0.01].  This prolongation of latency was shortened
by CPH 100 mg/kg, [F(3,72)=5.051; P<0.01, Fig 1A].

In the probe trials, the swimming time in Q3 was
used to evaluate the retention performance.  Sham-op-
erated group and CPH-treated group swam longer in
Q3 than ischemic group (P<0.01, Fig 1B).  The typical
swimming tracks indicated that ischemic rats often
searched for the platform in an inappropriate way re-
sulting in the longer latency to locate the platform (Fig
1C).  All rats reached the platform in a short period of
less than 30 s tested with a visible platform task, and
there was no difference between any two groups, indi-
cating that the difference in spatial performance between
groups is unlikely to be associated with vision impair-
ments.

Effects of CPH on SOD, GPx activities, and
MDA content  In ischemia rats, the activity of SOD (nU/
mg protein), GPx (nU/mg protein), and MDA content
(nmol/mg protein) were 1.42±0.07, 2.81±0.02, 6.25±0.3
in the hippocampus; 0.91±0.04, 7.41±0.25, 7.05±0.4 in
the cortex; and 1.05±0.04, 4.48±0.54, 5.02±0.26 in the
striatum, respectively.  Chronic hypoperfusion resulted in
significant increase in SOD, GPx activities, and MDA con-
tent compared to sham-operated group (P<0.01).  CPH
100 mg/kg significantly attenuated the increase in SOD,
GPx, and MDA in the cortex, hippocampus, and striatum
compared to ischemia group (Fig 2).

Effects of CPH on TXB2 and 6-keto-PGF1ααααα

levels  In saline-treated ischemic rats, marked increase
in the levels of TXB2 and 6-keto-PGF1α in the cortex
were observed.  CPH 100 mg/kg significantly attenu-
ated the increase of TXB2 and 6-keto-PGF1α (Tab 1).

Effects of CPH on ischemia-induced neuronal
damage  In the cortex and hippocampus, marked

Tab 1.  Effects of centrophenoxine (CPH) on TXB2 and 6-
keto-PGF1ααααα contents in cortical region of rats chronically
hypoperfused after ligation of the bilateral carotid arteries.
Mean±SEM.  n=5.  eP< 0.05, fP<0.01 vs ischemia group.

       Group                                  TXB2/ng·L-1     6-keto-PGF1α/
                                                                                  ng·L-1

Ischemia 57.2±8.4 20.0±2.2
Sham-operation 30.6±4.5f   6.7±2.8f

Ischemia+CPH (100 mg/kg) 32.2±3.8f 10.5±3.3e

Fig 1.  Effects of centrophenoxine(CPH) on water maze per-
formance deficits caused by permanent bilateral ligation of
the common carotid arteries in rats.  (A) Mean daily laten-
cies of escaping from the start point onto the hidden platform.
(B) The time spent in the target quadrant (Q3) in 60 s probe
trial (no platform).  (C) Typical swim-tracking path in probe
trial on the fifth training day.  n=8-10.  Mean±SEM.
bP<0.05, cP< 0.01 vs ischemia group.
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Fig 3.  Effects of centrophenoxine (CPH) on morphologic changes in rats’ hippocampus and cerebral cortex induced by
chronic ischemia.  Sections from three or four rats in each group were examined.  A and D: Ischemia group; B and E: Sham-
operated; C and F: CPH 100 mg/kg.  HE stain.  ×100.

Fig 2.  Effects of centrophenoxine (CPH) on superoxide dismutase (SOD), glutathione peroxidase (GPx) activity, and MDA
content in rats chronically hypoperfused after ligation of the bilateral carotid arteries.  n=8-10.  Mean±SEM.  bP<0.05,
cP<0.01 vs ischemia group.

morphological changes were detected in ischemic group:
neuronal cells loss, glial proliferation, nuclei shrinkage,
and dark staining of neurons were observed in hippoc-
ampal CA1 region and cortex.  Co-treatment with CPH
(100 mg/kg) markedly reduced these pathological
changes (Fig 3).

Effects of CPH on the expression of Bax and
P53 protein  Photomicrographs of immunohistochemi-

cal localization of Bax and p53 protein in cortical neu-
ronal cells were shown in Fig 4.  Chronical hypoperfu-
sion rats exhibited strongly increased Bax and p53
reactivity.  However, in the CPH-treated group, no ob-
vious abnormalities in the intensity or localization of
immunostain-ing for the two pro-apoptotic proteins
could be found.  No significant difference on Bax and
p53 expression was observed among three treatments
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Fig 4.   Effects of centrophenoxine (CPH) on apoptotic related protein expression in cortical region of rats chronically
hypoperfused after ligation of the bilateral carotid arteries.  A and D: Ischemia group; B and E: Sham-operated; C and F: CPH
100 mg/kg.  ×100.

in hippocampus (data not shown).

DISCUSSION

Permanent bilateral ligation of the common carotid
arteries in rats is a chronic cerebral hypoperfusion model,
which results in significant reduction of cerebral blood
flow[17] and causes learning and memory impairments
and neuronal damage resembling those in cerebrovas-
cular diseases[18].  The present studies showed that
chronic cerebral ischemia induced marked amnesic ef-
fects along with signs of neurodegeneration, including:
(1) spatial learning and memory deficits shown by longer
escape latency and shorter time spent in the target
quadrant; (2) significant neuronal loss and nuclei con-
densation in the cortex and hippocampus especially in
CA1 region.  These results, in accordance with previ-
ous reports[19], indicate that cerebral ischemia is related
to cognitive impairment, hypofunction of cholinergic
neurons, and neuronal death.  It has been well docu-
mented that chronic hypoperfusion induced marked cho-
linergic abnormalities in rats[20].  DMAE moiety of CPH
can enter the choline synthesis cycle and consequently
improve the brain’s acetylcholine supply[21,22].  It seems
likely that the beneficial effects of CPH on the ischemia-

induced cognitive deficits were due primary to its ef-
fects of acetylcholine supplement.

There are massive evidences showing that free
radicals are capable of mediating neuron degeneration
and death, and are possibly involved in the pathogen-
esis of neuron death in neurodegenerative diseases such
as VD[23].  The present data showed that MDA content
was markedly increased in the three brain areas, sug-
gesting that during cerebral ischemia there is an impor-
tant production of free radicals.  Meanwhile, the activi-
ties of antioxidant enzymes (SOD and GPx) were also
elevated in the three brain regions.  It is possible that a
compensatory rise occurs in response to heightened
oxidative stress after the ischemia insult.  Chronic treat-
ment with CPH reversed the abnormality of the free
radicals system in ligated rats.  It is thought that the
beneficial effect of CPH results from DMAE which is
phosphorylated and remains in the membrane as phos-
phatidyl-dimethylamino-ethanol.  DMAE can act as an
OH- free radical scavenger.  The antioxidant function
of DMAE could stabilize brain biomembrane and is a
basis for the fixation of traces of neuronal circle which
is thought to be the biological structure of memory[24].

The present finding implicated that the neuropro-
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tective effects of CPH may proceed through anti-
apoptotic pathway.  It is well documented that oxida-
tive stress, mitochondria dysfunction, and Ca2+ over-
load are involved in basic molecular and biological pro-
cess leading to apoptosis[25].  In our experiment, HE
staining showed that cortical and hippocampal neurons
in ligated rats revealed apoptotic-like morphologic
changes.  Further immunohistochemical analysis dem-
onstrated that Bax and p53 were up-regulated during
chronic hypoperfusion.  CPH attenuated apoptotic-like
changes and neuron losses and reversed the shift in the
expression pattern apoptosis-related proteins (Bax and
p53) induced by ischemia in the cortex .  One of the
possible explanations of the neuroprotection is that CPH
ameliorates the mitochondria dysfunction, stimulates
brain RNA-synthesis, and reduces free redicals-medi-
ated cell death.

Excessive TXA2 release during and after cerebral
ischemia can trigger strong vasoconstriction and plate-
let aggression, lead to cerebral blood flow secondary
decrease[26].  CPH was effective to ameliorate the cere-
bral circulation of the ischemic brain in experimental
animals[27].  Our results indicated that CPH reduced
TXA2-induced cytotoxicity by inhibition of TXA2 syn-
thesis and acceleration of PGI2 synthesis may be in-
volved in the improvement of cerebral blood flow in
ischemic brain.

Our findings well suggested that CPH had poten-
tial therapeutic and neuroprotective effects based on a
multi-target mechanism, and may be helpful in the treat-
ment of vascular dementia.

ACKNOWLEDGEMENTS  The authors are grateful to
Mr Guan-pei ZHAO (Shanghai Pharmaceutical Indus-
tries Co, Ltd) for the supply of meclofenoxate.

REFERENCES

1 Coyle JT, Puttfarcken P.  Oxidative stress, glutamate, and
neurodegenerative disorders.  Science 1993; 262: 689-95.

2 Chan PH.  Oxygen radicals in focal cerebral ischemia.  Brain
Pathol 1994; 4: 59-65.

3 Ihara Y.  Free radicals and superoxide dismutase in blood of
patients with Alzheimer’s disease and vascular dementia.  J
Neurol Sci 1997; 153: 76-81.

4 Pfeiffer C, Jenney EH, Gallagher W, Blackmore W, Smith
RP, Bevan W Jr, et al.  Stimulant effect of 2-dimethylamino-
ethanol: possible precursor of brain acetylcholine.  Science
1957; 126: 610-1.

5 Zs-Nagy I.  A survey of the available data on a new nootropic
drug, BCE-001.  Ann N Y Acad Sci 1994; 717: 102-14.

6 Zhou J, Tang XC.  Pharmacological effects of centrophenoxine
and its potential therapy in Alzheimer’s disease.  Shanghai
Med Pharm J 2001; 22: 345-51.

7 Zs-Nagy I, Pieri C, Giuli C, Del Moro M.  Effects of
centrophenoxine on the monovalent electrolyte contents of
the large brain cortical cells of old rats.  Gerontology 1979;
25: 94-102.

8 Zs-Nagy I.  Pharmacological interventions against aging
through the cell plasma membrane: a review of the experi-
mental results obtained in animals and humans.  Ann NY
Acad Sci 2002; 959: 308-20.

9 Pek G, Fulop T, Zs-Nagy I.  Gerontopsychological studies
using NAI ('Nurnberger Alters-Inventar') on patients with
organic psychosyndrome (DSM III, Category 1) treated with
centrophenoxine in a double blind, comparative, randomized
clinical trial.  Arch Gerontol Geriatr 1989; 9: 17-30.

10 Pi X, Liu Y, Jiang ZY, Hu XQ, Zhu GZ.  Clinical observa-
tions on treatment of light and moderate vascular dementia
with meclofenoxate plus huperzine A.  Shanghai Med Pharm
J 2004; 255: 409-11.

11 al-Zuhair H, Abd el-Fattah A, el-Sayed MI.  The effect of
meclofenoxate with Ginkgo biloba extract or zinc on lipid
peroxide, some free radical scavengers and the cardiovascular
system of aged rats.  Pharmacol Res 1998; 38: 65-72.

12 McNamara RK, Skelton RW.  The neuropharmacological and
neurochemical basis of place learning in the morris water maze.
Brain Res Rev 1993; 18: 33-49.

13 Ohkawa H, Ohishi N, Yagi K.  Assay for lipid peroxides in
animal tissues by thiobarbituric acid reaction.  Anal Biochem
1979; 95: 351-8.

14 McCord JM, Fridovich I.  Superoxide dismutase.  An enzy-
mic function for erythrocuprein (hemocuprein).  J Biol Chem
1969; 244: 6049-55.

15 Daret KC, Ching KC.  Glutathione peroxidase: activity and
steady state level of mRNA.  Free radicals, Punchard and
Kelly, editors.  New York: Oxford University Press; 1993.
p 227-40.

16 Bradford MM.  A rapid and sensitive method for the
quatitation of microgram quantities of protein utilizing the
principle of protein-dye binding.  Anal Biochem 1976; 72:
248-54.

17 Tsuchiya M, Sako K, Yura S, Yonemasu Y.  Local cerebral
glucose utilization following acute and chronic bilateral ca-
rotid artery ligation in Wistar rats: relation to changes in local
cerebral blood flow.  Exp Brain Res 1993; 95: 1-7.

18 Ni JW, Matsumoto K, Li HB, Murakami Y, Watanabe H.
Neuronal damage and decrease of central acetylcholine level
following permanent occlusion bilateral common carotid ar-
teries in rats.  Brain Res 1995; 673: 290-6.

19 Wang LM, Han YF, Tang XC.  Huperzine A improves cogni-
tive deficits caused by chronic cerebral hypoperfusion in rats.
Eur J Pharmacol 2000; 398: 65-72.

20 Tanaka K, Ogawa N, Asanuma M, Kondo Y, Nomura M.
Relationship between cholinergic dysfunction and discrimi-
nation learning disabilities in Wistar rats following chronic
cerebral hypoperfusion.  Brain Res 1996; 729: 55-65.

21 London ED, Coyle JT.  Pharmacological augmentation of



Liao Y  et al / Acta Pharmacol Sin  2004 Dec; 25 (12): 1590-1596· 1596 ·

acetylcholine levels in kainite lesioned rats striatum.  Biochem
Pharmacol 1978; 27: 2962-5.

22 Haubrich DR, Wang PF, Clody DE, Wedecking PW.  Increase
in rat brain acetylcholine induced by choline or deanol.  Life
Sci 1975; 17: 975-80.

23 Markesbery WR.  Oxidative stress hypothesis in Alzheimer’s
disease.  Free Radical Biol Med 1997; 23: 134-47.

24 Vaglenova J, Petkov PP.  Can nootropic drugs be effective
against the impact of ethanol teratogenicity on cognitive
performance? Eur Neuropsychopharmacol 2001; 11: 33-40.

25 Blalock EM, Chen KC, Sharrow K, Herman JP, Porter NM,

Fosterd TC, et al.  Gene microarrays in hippocampal aging:
statistical profiling identifies novel processes correlated with
cognitive impairment.  J Neurosci 2003; 23: 3807-19.

26 Ichikawa K, Tazawa S, Hamano S, Kojima M, Hiraku S.
Effect of ozagrel on locomotor and motor coordination after
transient cerebral ischemia in experimental animal models.
Pharmacology 1999; 59: 257-65.

27 Takenaka F, Takeya N, Mitsufuji Y, Nakamura R, Tsutsumi
E.  The effect of meclofenoxate (Lucidril) on the cerebral
circulation of dog.  Kumamoto Igakkai Zasshi 1969; 43: 184.


