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Abstract: Chronic cerebral hypoperfusion (CCH) is a basic pathological process that is comorbid with brain diseases,
such as vascular Parkinsonism and Alzheimer’s disease. Icariside Il (ICS Il), which is one of the main metabo-
lites of icariin, has anti-inflammatory and antioxidant effects and protects against ischemic brain injury. This study
aims to investigate the neuroprotective effects of ICS Il on neuronal axon regeneration-related factors in a CCH rat
model. Sprague-Dawley (SD) rats were divided into the following four groups: sham group, model group and 4 and
8 mg/kg/day ICS Il administration groups. Learning and spatial memory functions were tested using a Morris water
maze. Pathological changes were observed in the rat hippocampal tissue by hematoxylin and eosin (H&E) staining.
Neuronal axon regeneration-related proteins (GAP-43, MAP-2 and Nogo-A) were observed by immunohistochemical
staining and detected by the average optical density method. The results showed that 8 mg/kg/day of ICS Il can
effectively reduce the escape latency and prolong the target quadrant residence time at 12 weeks and that ICS I
can improve the histopathological changes in the CA1 area of the rat hippocampus. Moreover, ICS Il administration
at 8 mg/kg/day significantly increased GAP-43 and MAP-2 expression and reduced Nogo-A expression in the CA1
area of the rat hippocampus at 12 weeks; however, significant differences were not observed at 4 and 8 weeks.
Hence, ICS Il at a dosage of 8 mg/kg/day could promote learning and memory abilities and improve histopathologi-
cal changes in the rat hippocampus in a CCH rat model. These results may be related to the promotion of neuronal
axon regeneration in the CA1 area of the hippocampus under increases in hippocampal GAP-43 and MAP-2 protein
expression and decreased Nogo-A protein expression.
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Introduction CCH can cause a series of pathophysiological
changes, such as neuroregeneration reduction,
glial cell proliferation, cholinergic receptor loss,
and neurotransmitter abnormalities, which ev-
entually lead to impaired neurotransmission
and cognitive impairment [6]. Interestingly, the
remaining neuronal cytoplasm can produce
new protuberances using budding from the side
branches, reestablish synaptic connections,
and promote the recovery of nerve function [7].
In recent years, studies have shown that stem

Chronic cerebral hypoperfusion (CCH) is a com-
mon consequence of arthrosclerosis and a
primary cause of vascular dementia [1, 2].
Alzheimer’s disease, Binswanger disease, and
other neurodegenerative diseases could wors-
en under the condition of CCH [3, 4]. Therefore,
treatment for patients with CCH is important.
However, compared with the obvious symptoms
of acute stroke, the symptoms of the early
stage of CCH are difficult to detect but become

ingravescent [5]. Recently, researchers have
realized the serious consequences of chronic
and progressive hypoperfusion and have be-
come interested in therapies for CHH.

cell regenerative medicine is important for the
treatment of many diseases [8, 9]. Thus, treat-
ment strategies for promoting or inhibiting axon
regeneration factors may provide breakthrough
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improvements in the cognitive dysfunction cau-
sed by CCH.

Icariin and icariside Il (ICS Il) are the two effec-
tive active flavonoids in Herba Epimedii. Of
these flavonoids, icariin, which is the most com-
monly studied, is the main component of Herba
Epimedii, and it has been found to be effica-
cious in preventing osteoporosis, cancer de-
pression, and neurological dysfunctions [10].
When taken orally, intestinal bacteria can
decompose icariin, resulting in the production
of a series of metabolites. Many studies have
found that ICS Il is the key metabolite of icariin.
Furthermore, ICS Il possesses anti-inflammato-
ry and antioxidant activities and prevents isch-
emic brain injury [11]. The neuroprotective
properties of ICS Il are attracting increasing
interest in the search for promising agents to
treat neurodegenerative diseases. Therefore,
this study aimed to explore the influence of ICS
Il on axon regeneration by testing rat learning
and memory abilities and axon regeneration by
related molecules in a CCH rat model to provide
a basis for the treatment of CCH-induced cogni-
tive dysfunction.

Materials and methods
Reagents

ICS Il (purity > 98%) was obtained from Zelang
Medical Technology (Nanjing, China), and it was
dissolved in double distilled water and ultra-
sonicated for 8 min.

Animals

Specific pathogen-free (SPF) adult male Sp-
rague-Dawley (SD) rats (260-300 g) were pur-
chased from the Experimental Animal Center
of Daping Hospital (license no. SCXK 2012-
0005) and raised in a SPF-grade environment
(certificate no. SYXK 2011-003). Animal experi-
ments were executed according to the Animal
Management Rules of the State Committee
of Science and Technology of China (no. 2 on
November 14, 1988, revised in 2011) and
approved by the Animal Experimental Ethics
Committee of Zunyi Medical University (no.
201612A001).

Experimental design

Sixty SD rats were randomly divided into the fol-
lowing four groups according to a random num-
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ber table: sham, model, ICS Il 4 mg/kg and ICS
I 8 mg/kg. The CCH model was generated as
described in the literature [12]. Briefly, a rat
was fixed on an experimental table and anes-
thetized with sodium pentobarbital (50 mg/kg,
i.p.), and then the neck area was shaved and
disinfected. The spontaneous breathing of the
rat was monitored. The skin at the center of the
neck was cut, and the bilateral common carotid
artery was separated. The common carotid
artery was ligated with a medical suture. The
ICS Il 4 mg/kg group and the ICS Il 8 mg/kg
group received intragastric administration of 4
and 8 mg/kg ICS Il (dissolved in double distilled
water) every day. The model group received the
same volume of double distilled water intragas-
trically. The sham group was not treated. The
Morris water maze test, tissue preparation and
immunohistochemistry analyses were perform-
ed at 4, 8, and 12 weeks after intragastric
administration.

Morris water maze test

The spatial memory of the rats was assessed
using the Morris water maze (MWM). The water
maze test equipment consists of a platform,
black circular pool (60 cm in radius and 30 cm
deep) and a camera. The black circular pool
was divided into four quadrants labeled I, II, lIl,
and VI with four start positions. The circular
platform was hidden in quadrant Il and sub-
merged 10 cm below the water. At the begin-
ning of the test, the rats were placed on the
platform, where they remained for 20 s. The
rats were allowed to swim in the water until they
found the hidden platform (maximum swim
time of 120 s). The swimming paths and the
escape latencies of the rats were recorded by a
video camera. If a rat could not find the plat-
form within 120 s, the training session ended
and the rat was guided to the hidden platform,
where it remained for 20 s before the next trial.
Each rat received two trials per day, with an
interval between the trials of 2 min. The time
taken to find the platform (escape latency) was
averaged over the two trials. After the last
learning trial on day 5, the rats were placed into
the pool and swam freely for 60 s. The percent-
age of the time in the target quadrant was
recorded as an assessment of spatial memory.
The escape latencies and target quadrant time
were recorded at 4, 8, and 12 weeks.
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Figure 1. Effect of icariside Il on learning and memory abilities in CCH rats. A. Escape latency times at 4, 8 and 12
weeks. B. Target quadrant residence time at 4, 8 and 12 weeks (mean £ SD, n =5, *P < 0.05 vs sham group, #P

< 0.05 vs 4 weeks).

Figure 2. Effect of icariside Il on histopathologic changes in the rat hippocampal CA1 region. Representative sec-

tions of HE staining (magnification 400x).

Tissue preparation

After the MWM tests, the animals were deeply
anesthetized using an overdose of sodium pen-
tobarbital. Five of the rats from each group
were perfused with 4% paraformaldehyde in
0.01 M phosphate buffer (pH 7.4) at 4, 8, and
12 weeks. The brains were removed, fixed in
4% paraformaldehyde for 48 h, subjected to
graded alcohol dehydration, embedded in par-
affin, and then cut into 5-um thick sections
for hematoxylin-eosin (H&E) staining and im-
munohistochemistry.
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Immunohistochemical staining

Immunohistochemistry was performed accord-
ing to the avidin-biotin-peroxidase complex
method using polyclonal anti-GAP43, MAP-2
and Nogo-A antibodies. Briefly, the brain sec-
tions were treated with 3% H,0, to block endog-
enous peroxidase and then incubated in block-
ing buffer. After incubation with the anti-GAP43
(1:2000, Abcam, USA), MAP-2 (1:200, Abcam,
USA) or Nogo-A (1:200, Wuhan Boster Bio-
technology, China) primary antibodies from
Abcam at 4°C for 24 h, the sections were treat-
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ed with biotinylated secondary antibody and
reagents from the ABC kit (Shanghai Gene
Technology Inc., Shanghai, China). Immunorea-
ctivity was detected using 3,3’-diaminobenzi-
dine. The Image Pro Plus analysis system was
used to quantify the immunohistochemical
staining. The hippocampal CA1 area of interest
was delineated at 400x magnification under an
Olympus microscope after the background sub-
traction and grayscale threshold determina-
tion. The area covered by the antibody was
computed as the percentage of the total area
delineated.

Statistical analysis

The data were analyzed with SPSS 17.0 soft-
ware and expressed as the mean + SE. Group
differences in escape latency and target quad-
rant residence time during the MWM test were
analyzed using ANOVA for repeated measure-
ment. Other data collected in this study were
analyzed using multifactor ANOVA. The Bon-
ferroni method was used for pairwise compari-
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Figure 3. Effect of icariside Il on GAP-43 ex-
pression in the rat hippocampal CA1 region. A.
Representative sections of GAP-43 immuno-
histochemical staining (magnification 400x).
B. Quantitative analysis of GAP-43 optical den-
sity (mean £ SD, n = 5, *P < 0.05 vs sham
group, #P < 0.05 vs 4 weeks).

son of mean values at each time point within
the group. P < 0.05 represented statistically
significant differences.

Results

ICS Il significantly improved learning and mem-
ory impairments induced by CCH

Learning and memory retention were demon-
strated in the MWM and used to evaluate spa-
tial memory in rats. As shown in Figure 1A and
1B, compared to the sham group, the model
group had a significantly prolonged escape
latency (time to find the hidden platform) (P <
0.05) and a significantly decreased target
quadrant residence time (P < 0.05) at 4, 8 and
12 weeks. No significant differences were
found between the model group and ICS Il 4
mg/kg group in escape latency at any time
point (P > 0.05). The escape latency was signifi-
cantly reduced in the ICS Il 8 mg/kg group com-
pared with that in the model group (P < 0.05).

Int J Clin Exp Pathol 2019;12(3):826-834
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No significant differences were found in escape
latency or target quadrant time within the same
group between 4 weeks and 8 weeks (P >
0.05). Compared with the times at 4 and 8
weeks, at 12 weeks, the escape latency was
prolonged and the target quadrant time was
reduced in the model group, ICS Il 4 mg/kg
group and ICS Il 8 mg/kg group (P < 0.05).

ICS Il protected against neuronal damage of
the CA1 area in the hippocampus induced by
CCH

A representative H&E organizational structure
diagram of the CA1 area in the six groups is
shown in Figure 2. The neurons in the CA1 area
in the hippocampus were closely and regularly
packed and showed a clear structure and form
in the sham group at all time points. Extensive
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neuronal changes, such as neuronal cell loss,
degeneration, dark staining and structures with
loosely arranged vacuoles, were visualized in
the CA1 area of the hippocampus in the model
group. Administration of ICS Il 8 mg/kg reduced
the pathologic changes noted above in the CA1
area of the hippocampus of rats.

ICS Il promoted the expression of axon-regen-
eration-related molecules

Representative images of GAP-43 and MAP-2
immunohistochemical staining of the CA1 area
in the four groups are shown in Figures 3A and
4A. GAP-43 was faintly expressed at the cyto-
membrane in the hippocampal CA1l region in
the sham group. MAP-2 was normally expressed
in the cytoplasm and neurites in the sham
group. Compared with the sham group, the

Int J Clin Exp Pathol 2019;12(3):826-834
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Figure 5. Effect of icariside Il on Nogo-A expression in the rat hippocampal CA1 region. A. Representative sections
of Nogo-A immunohistochemical staining (magnification 400x). B. Quantitative analysis of Nogo-A optical density. C.
Number of Nogo-A-positive cells (mean + SD, n = 5, *P < 0.05 vs sham group, #P < 0.05 vs 4 weeks).

model group had clearly increased GAP-43
expression and decreased MAP-2 expression
at all time points (P < 0.05). No significant dif-
ference was found between the model group
and the ICS Il 4 mg/kg group (P > 0.05).
Compared with the model group, the ICS Il 8
mg/kg and 4 mg/kg groups had increased lev-
els of GAP-43 and MAP-2 at all time points (P <
0.05). No significant differences were found in
the levels of GAP-43 and MAP-2 within the
same group between 4 weeks and 8 weeks.
The levels of GAP-43 and MAP-2 were signifi-
cantly reduced in the model and ICS Il 8 mg/kg
groups at 12 weeks compared with the levels
at 4 weeks (P < 0.05), whereas no significant
differences were observed in the ICS Il 4 mg/
kg group (Figures 3B and 4B).
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Representative Nogo-A immunohistochemical
figures of the CA1l area in the six groups are
shown in Figure 5A. Nogo-A was expressed at
the proximal end of endochylema and in neu-
rites and formed ovals or spindles. Part of the
neurites in the normal and sham groups
expressed Nogo-A. Compared with those in the
normal and sham groups at the same time
point, the number of cells expressing Nogo-A
and the mean optical density of Nogo-A were
significantly increased in the model group (P <
0.05) but not in the ICS Il 4 mg/kg group (P >
0.05). The number of cells expressing Nogo-A
and the mean optical density of Nogo-A were
significantly increased in the 4 and 8 mg/kg
groups compared with those in the model group
at the same time point (P < 0.05). No significant

Int J Clin Exp Pathol 2019;12(3):826-834
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difference was found in the expression of
Nogo-A in any group between 4 weeks and 8
weeks. Nogo-A was significantly increased in
the model, ICS Il 4 mg/kg and ICS Il 8 mg/kg
groups at 12 weeks compared with the levels
at 4 and 8 weeks (P < 0.05) (Figure 5B and 5C).

Discussion

CCH plays a key role in the occurrence and
development of cognitive dysfunction, and it is
an important cause of brain neuron degenera-
tion [13]. Thus, developing a suitable animal
model is particularly important for clinical
research and new drug development for CCH.
In this study, a CCH rat model was generated by
permanent ligation of the bilateral common
carotid arteries. The cerebral blood flow is sus-
tainably reduced for 4 to 12 weeks, which
reproduces similar pathological physiological
changes that occur during human CCH [14]. In
this experiment, clear spatial learning and
memory function injuries appeared at 4, 8, and
12 weeks after ligation of the bilateral common
carotid artery in rats, which replicated the clini-
cal manifestations of CCH-induced cognitive
dysfunction.

Icariin can improve spatial learning and memo-
ry in CCH model rats, and this improvement is
related to the upregulation of the expression of
PPAR-alpha, PGC-1-alpha, and insulin-degrad-
ing enzymes and a disintegrin and metallopro-
teinase domain 10 protein; the downregulation
of the expression of amyloid precursor protein
and beta-secretase 1; or the antioxidant effects
on the circulatory and cholinergic systems [15-
17]. In addition, icariin and ICS Il are flavonoid
constituents with similar structures, and phar-
macokinetic studies have reported that approx-
imately 91.2% of icariin is metabolized to ICS |l
after oral administration. In addition, ICS Il may
be absorbed faster and metabolized slower
than icariin in vivo [18, 19]. A recent study
showed that ICS |l ameliorates cognitive impair-
ment and neuronal loss in ibotenic acid-induced
rats by a mechanism related to the regulation
of calbindin expression and the inhibition of the
apoptotic response [20]. In this study, the
model group exhibited a clear spatial learning
memory disorder characterized by extended
escape latency periods and decreased target
quadrant residence times. The histopathologi-
cal results showed that the disordered arrange-
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ment of hippocampal neurons and the degen-
eration and edema of neurons occurred in the
model group. However, improved learning and
memory abilities and reduced pathological
damage of hippocampal neurons were obser-
ved in the ICS Il 8 mg/kg group. Therefore, we
concluded that ICS Il at a dose of 8 mg/kg may
play a functional role in cognitive competence
in CCH model rats.

GAP-43 is a general early marker of postmitotic
neurons, and it is expressed at high levels dur-
ing axonal growth and synapse formation.
Moreover, it accumulates in axonal growth
cones and presynaptic nerve terminals, where
it associates with the cortical cytoskeleton
[21]. GAP-43 overexpression is sufficient to
induce neurite formation and axonal sprouting
in different regions of the adult CNS [22]. MAP-2
is the main element in microtubules, and it is
closely related to the extension of axons and
sensitive to ischemic anoxic injury [23]. The
dynamic changes in MAP-2 can indirectly reveal
the level of recovery from axonal injury. Nogo-A
is a potent inhibitor of neurite growth and a
monoclonal antibody antigen produced by oli-
godendrocytes [24]. In this study, compared
with the sham group, the model group in the
early stage (4 weeks) after permanent ligation
of the bilateral common carotid arteries pre-
sented increased protein levels of Nogo-A and
GAP-43 and decreased protein levels of MAP-2
in the hippocampus, which is indicative of the
nerve axonal injury that occurred in the CCH
rats, which led a reduced ability to self-repair in
the early stage. The immunohistochemical
results at 12 weeks showed that the increased
GAP-43 levels fell and that the decreased
MAP-2 levels rose in the model and ICS 1l 4 mg/
kg groups over a longer period of time. These
results show that axonal injuries increased over
time, which is consistent with damage to the
learning and memory ability demonstrated in
the water maze experiment. In addition, CCH is
an important cause of cell senescence and
apoptosis, which leads to neurologic dysfunc-
tion in the hippocampus [25]. After 12 weeks,
the hypoperfusion injury gradually accumulat-
ed and the number of aging cells in the hippo-
campal region increased, which may be the rea-
son for the changes that led to decreased GAP-
43 and MAP-2 or increased Nogo-A expression
in the sham and ICS Il 4 mg/kg groups at 12
weeks. After the ICS Il 8 mg/kg treatment, the
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GAP-43 and MAP-2 protein levels were increa-
sed, the Nogo-A protein levels were decreased,
and the learning and memory abilities of CCH
rats were improved. This finding suggests that
adequate doses of ICS Il can promote axonal
regeneration and repair and cell axon skeleton
formation by adjusting GAP-43 expression and
simultaneously reducing the overexpression of
Nogo-A protein, which lowers the level of resis-
tance to axon regeneration. In summary, ICS I
may promote axon regeneration by regulating
GAP-43, MAP-2 and Nogo-A protein expression
levels and improve cognitive ability in CCH rats.
However, the specific signaling pathways that
regulate axon regeneration require further veri-
fication. In addition, whether changes in other
factors, such as the mitochondrial function of
neurons [26] and the release level of neu-
rotransmitters [27], jointly participate in the
regulation of CCH cognitive impairment is also
worth further exploration.

Conclusions

ICSIl at a dosage of 8 mg/kg/d can promote
learning and memory abilities and improve the
histopathologic changes in the rat hippocam-
pus in a CCH rat model. These results may be
related to increased hippocampal GAP-43 and
MAP-2 protein expression and decreased No-
go-A protein expression in the neurons in the
hippocampal CA1 area. ICSIl may modulate
axon regeneration factors to exert neuroprotec-
tive effects in a rat CCH model, and these find-
ings lay a theoretical foundation for the use of
ICSII for the treatment of vascular Parkinsonism
and Alzheimer’s disease.

Acknowledgements

The present study was supported by the Sci-
ence and Technology Fund of Guizhou Province
(Qian ke he LH zi [2015] 7475) and the Science
and Technology Project of Zunyi City (Zun shi ke
he she zi [2014] 80).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Changyin Yu, De-
partment of Neurology, The Affiliated Hospital of
Zunyi Medical College, Zunyi 563003, Guizhou,
China. E-mail: ycynerve@163.com

833

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

Kawamura J, Meyer JS, Terayama Y and Weath-
ers S. Leukoaraiosis correlates with cerebral
hypoperfusion in vascular dementia. Stroke
1991; 22: 609-614.

Safouris A, Hambye AS, Sculier C, Papageor-
giou SG, Vasdekis SN, Gazagnes MD and
Tsivgoulis G. Chronic brain hypoperfusion due
to multi-vessel extracranial atherosclerotic dis-
ease: a potentially reversible cause of cogni-
tive impairment. J Alzheimers Dis 2015; 43:
23-27.

Jing Z, Shi C, Zhu L, Xiang Y, Chen P, Xiong Z, Li
W, Ruan Y and Huang L. Chronic cerebral hypo-
perfusion induces vascular plasticity and he-
modynamics but also neuronal degeneration
and cognitive impairment. J Cereb Blood Flow
Metab 2015; 35: 1249-1259.

Choi SA, Kim EH, Lee JY, Nam HS, Kim SH, Kim
GW, Lee Bl and Heo JH. Preconditioning with
chronic cerebral hypoperfusion reduces a focal
cerebral ischemic injury and increases apu-
rinic/apyrimidinic  endonuclease/redox fa-
ctor-1 and matrix metalloproteinase-2 expres-
sion. Curr Neurovasc Res 2007; 4: 89-97.

Ni J, Ohta H, Matsumoto K and Watanabe H.
Progressive cognitive impairment following
chronic cerebral hypoperfusion induced by
permanent occlusion of bilateral carotid arter-
ies in rats. Brain Res 1994; 653: 231-236.
Love S and Miners JS. White matter hypoperfu-
sion and damage in dementia: post-mortem
assessment. Brain Pathol 2015; 25: 99-107.
Kumamaru H, Lu P, Rosenzweig ES and Tuszyn-
ski MH. Activation of intrinsic growth state en-
hances host axonal regeneration into neural
progenitor cell grafts. Stem Cell Reports 2018;
11: 861-868.

He F, Zhou A and Feng S. Use of human amni-
otic epithelial cells in mouse models of bleo-
mycin-induced lung fibrosis: a systematic re-
view and meta-analysis. PLoS One 2018; 13:
e0197658.

He F, Zhou A, Feng S, Li Y and Liu T. Mesenchy-
mal stem cell therapy for paraquat poisoning: a
systematic review and meta-analysis of
preclinical studies. PLoS One 2018; 13:
e0194748.

Feng R, FengL, Yuan Z, Wang D, Wang F, Tan B,
Han S, Li T, Li D and Han Y. Icariin protects
against glucocorticoid-induced osteoporosis in
vitro and prevents glucocorticoid-induced os-
teocyte apoptosis in vivo. Cell Biochem Bio-
phys 2013; 67: 189-197.

Fu S, Li YL, Wu YT, Yue Y, Qian ZQ and Yang DL.
Icariside Il attenuates myocardial fibrosis by
inhibiting nuclear factor-kappaB and the TGF-
betal/Smad2 signalling pathway in spontane-

Int J Clin Exp Pathol 2019;12(3):826-834


mailto:ycynerve@163.com

[12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

834

Icariside Il affects neuron axon regeneration and improves learning ability

ously hypertensive rats. Biomed Pharmacother
2018; 100: 64-71.

Choi BR, Kim DH, Back DB, Kang CH, Moon WJ,
Han JS, Choi DH, Kwon KJ, Shin CY, Kim BR,
Lee J, Han SH and Kim HY. Characterization of
white matter injury in a rat model of chronic
cerebral hypoperfusion. Stroke 2016; 47: 542-
547.

Yao ZH, Yao XL, Zhang Y, Zhang SF and Hu J.
miR-132 down-regulates methyl CpG binding
protein 2 (MeCP2) during cognitive dysfunc-
tion following chronic cerebral hypoperfusion.
Curr Neurovasc Res 2017; 14: 385-396.
Farkas E, Luiten PG and Bari F. Permanent, bi-
lateral common carotid artery occlusion in the
rat: a model for chronic cerebral hypoper-
fusion-related neurodegenerative diseases.
Brain Res Rev 2007; 54: 162-180.

Li W, Deng, Shi J, Li F, Liu B and Gong Q. Icar-
iin ameliorates spatial learning and memory
impairments through upregulating the expres-
sions of PPARa and PGC-1a protein in chronic
cerebral hypoperfusion rat model. J Zunyi Med
Univ 2014; 37: 591-594.

Li WX, Deng YY, Li F, Liu B, Liu HY, Shi JS and
Gong QH. Icariin, a major constituent of flavo-
noids from epimedium brevicornum, protects
against cognitive deficits induced by chronic
brain hypoperfusion via its anti-amyloidogenic
effect in rats. Pharmacol Biochem Behav
2015; 138: 40-48.

Xu RX, Wu Q, Luo Y, Gong QH, Yu LM, Huang
XN, Sun AS and Shi JS. Protective effects of
icariin on cognitive deficits induced by chronic
cerebral hypoperfusion in rats. Clin Exp Phar-
macol Physiol 2009; 36: 810-815.

Li F, Dong HX, Gong QH, Wu Q, Jin F and Shi JS.
Icariin decreases both APP and Abeta levels
and increases neurogenesis in the brain of
Tg2576 mice. Neuroscience 2015; 304: 29-
35.

Sun E, Xu F, Qian Q, Cui L, Tan X and Jia X. Ul-
tra-performance liquid chromatography/quad-
rupole-time-of-flight mass spectrometry analy-
sis of icariside Il metabolites in rats. Nat Prod
Res 2014; 28: 1525-1529.

[20]

[22]

(23]

(24]

[25]

[26]

(27]

He L, Deng Y, Gao J, Zeng L and Gong Q. Icari-
side Il ameliorates ibotenic acid-induced cogni-
tive impairment and apoptotic response via
modulation of MAPK pathway in rats. Phyto-
medicine 2018; 41: 74-81.

Aigner L, Arber S, Kapfhammer JP, Laux T,
Schneider C, Botteri F, Brenner HR and Caroni
P. Overexpression of the neural growth-associ-
ated protein GAP-43 induces nerve sprouting
in the adult nervous system of transgenic
mice. Cell 1995; 83: 269-278.

Mascaro AL, Cesare P, Sacconi L, Grasselli G,
Mandolesi G, Maco B, Knott GW, Huang L, De
Paola V, Strata P and Pavone FS. In vivo single
branch axotomy induces GAP-43-dependent
sprouting and synaptic remodeling in cerebel-
lar cortex. Proc Nat Acad Sci U S A 2013; 110:
10824-10829.

Chazeau A, Katrukha EA, Hoogenraad CC and
Kapitein LC. Studying neuronal microtubule or-
ganization and microtubule-associated pro-
teins using single molecule localization micros-
copy. Methods Cell Biol 2016; 131: 127-149.
Chen MS, Huber AB, van der Haar ME, Frank
M, Schnell L, Spillmann AA, Christ F and
Schwab ME. Nogo-A is a myelin-associated
neurite outgrowth inhibitor and an antigen for
monoclonal antibody IN-1. Nature 2000; 403:
434-439.

Farkas E, Obrenovitch TP, Institoris A and Bari
F. Effects of early aging and cerebral hypoper-
fusion on spreading depression in rats. Neuro-
biol Aging 2011; 32: 1707-1715.

Lopes S, Teplytska L, Vaz-Silva J, Dioli C, Trin-
dade R, Morais M, Webhofer C, Maccarrone G,
Almeida OFX, Turck CW, Sousa N, Sotiropoulos
| and Filiou MD. Tau deletion prevents stress-
induced dendritic atrophy in prefrontal cortex:
role of synaptic mitochondria. Cereb Cortex
2017; 27: 2580-2591.

Melief EJ, Gibbs JT, Li X, Morgan RG, Keene CD,
Montine TJ, Palmiter RD and Darvas M. Char-
acterization of cognitive impairments and neu-
rotransmitter changes in a novel transgenic
mouse lacking Slc10a4. Neuroscience 2016;
324: 399-406.

Int J Clin Exp Pathol 2019;12(3):826-834



