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Effect of acupuncture on memory function in old rats

In-Ho Choi, Hyung-Ho Lim

College of Korean Medicine, Gachon University

Objectives: We investigated the effect of acupuncture on memory function in relation with neurogenesis in old rats.
Methods: In this study, a step-down avoidance task for short-term memory and Y-maze task for spatial memory
capability were conducted. Western blot analysis for brain-derived neurotorphic factor (BDNF) and tyrosine kinase
B (TrkB), and immunohistochemistry for 5-bromo-2’-deoxyuridine (BrdU) were performed.

Results: Short-term memory and spatial memories were decreased in the old-aged rats. Expressions of BDNF and
TrkB in the hippocampus were significantly decreased in the old-aged rats. Neurogenesis in the hippocampal dentate
gyrus was also decreased in the old-aged rats. However, acupuncture treatment alleviated impairment of short-term
and spatial memories induced by ageing. Acupuncture also increased the expressions of BDNF and TrkB and
enhanced neurogenesis in the hippocampus. The present study showed that acupuncture alleviated ageing-induced
short-term and spatial memory loss by increasing of BDNF and neurogenesis. Acupuncture at ST41-acupoint showed
most potent effect than at ST36-acupoint or non-acupoint.

Conclusions: Acupuncture might be used as the effective therapeutic modality to ameliorate the age-related decrease
of brain functions.
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Introduction

As increase of life span, age-related cognitive
disorders become a major health problem in humans.
Ageing induces cognitive impairments, mainly memory

performance™?.

Ageing also leads to functional
changes of the hippocampus, the brain area that
plays a pivotal role in learning and memory
process”. The hippocampus is also one of the limited
brain areas in which neurogenesis occurs™”.
Neurogenesis occurs within the adult dentate gyrus
of the hippocampal formation, and newly born

neurons recruit into the preexistent neuronal circuits.

Neurogenesis is involved in hippocampal-dependent
learning processes. Brain-derived neurotrophic factor
(BDNF) promotes survival and differentiation of
selected neuronal population. In the central nerve
system (CNS), high levels of BDNF mRNA and
protein were found in the hippocampus and cerebral
cortex, both are target areas for basal forebrain
cholinergic neurons involved in learning and memory
processes™”. Tyrosine kinase B (TrkB) is the high
affinity catalytic receptor for several neurotrophins
that are small protein growth factors that induce the
of distinct cell
populations®. The neurotrophins that activate TrkB

survival and differentiation
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are BDNF, neurotrophin-3, and neurotrophin-4. Of
these, TrkB mediates the multiple effects of these
which
differentiation and survival”.

neurotrophic  factors, include neuronal

Acupuncture, a core component of traditional
oriental medicine, is becoming recognized as an
effective way for the treatment of many chronic
diseases including pain, musculoskeletal diseases,
drug addiction, stroke rehabilitation, and asthma'*'?.
Liu et al.’s study"

exert protective effects on cognitive deficits and

reported that acupuncture might

oxidative stress in cerebral multi-infarction rats.
Acupuncture improved cognitive deficits and regulated
brain cell proliferation in Alzheimer’s disease model
of mice'.

The neuroprotective effects of acupuncture on
several neurodegenerative diseases are well documented,
however the effects of acupuncture on age-related
memory deficits are not established yet. Thus, the
purpose of this study was to ascertain the effects of
acupuncture on short-term and spatial memories of
old-aged rats in relation with neurogenesis in the
hippocampal dentate gyrus. For this study, a
step-down inhibitory avoidance task and Y-maze task
for memory functions, BDNF and TrkB western blot
for neurotrophins expressions, 5-bromo-2’-deoxyuridine
(BrdU) immunohistochemistry for neurogenesis were
conducted.

Materials and methods

1. Animals

Sprague-Dawley adult male rats were obtained
from a commercial breeder (Orient Co., Seoul, Korea)
for the experiment. The experimental procedures
were performed in accordance with the animal care
guidelines of the National Institute of Health (NIH)
and the Korean Academy of Medical Sciences. Each
animal was housed under controlled temperature
(23+2C) and lighting (08:00 h - 20:00 h) conditions
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with food and water made available ad libitum. Two
age groups of rats were used: 7 weeks old rats
(210£5g) for young-aged group and 18 months old
rats (480£15g) for old-aged group. The animals were
randomly divided into five groups (n=10 in each
group): the young-aged group, the old-aged control
group, the old-aged and ST36-acupoint-acupunctured
group, the old-aged and ST41-acupoint-acupunctured
group, and the old aged and non-acupoint-acupunctured
group.

All rats received 50 mgkg BrdU (Sigma
Chemical Co., St. Louis, MO, USA) intraperitoneally
once a day for 7 consecutive days, starting one day
after acupuncture treatment.

2. Acupunctural treatment

The animals in the acupunctured groups received
acupuncture bilaterally at respective site, once a day
for 5 weeks. ST36-acupoint (Zusanli) is located at
the proximal one fifth points on the line from the
patella ligament to the anterior side of ankle crease.
ST41-acupoint (Jiexi) is located at the depression
between tibialis anterior tendon and extensor digitorum
longus tendon, on the anterior side of ankle crease.
Non-acupoint is located at the side of the hip. For
acupunctural stimulation, after insertion of stainless
acupuncture needles (0.3mm), the needles were
manually rotated clockwise and counter-clockwise 30
times in each leg to increase the efficiency of
acupuncture and kept in place for 10 min (Fig. 1).

3. Step—down avoidance task

The latency of the step-down avoidance task was
determined to evaluate short-term memory capability.
The rats were trained in a step-down avoidance task
at 34 days after starting of acupuncture treatment.
One hour after training, the latency (sec) of the
animals in each group was determined. The rats were
placed on a 7x25cm platform 2.5cm high. The
platform faced a 42x25cm grid of parallel 0.1
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Fig. 1. The locations of the acupoints in rats. (1) ST36—acupoint, (2) ST41—acupoint, (3) non—acupaint.

cm-caliber stainless steel bars spaced 1 cm apart. In
training sessions, the animals received 0.5 mA,
scramble foot shock for 2 sec immediately upon
stepping down. The interval of rats stepping down
and placing all four paws on the grid was defined as
the latency time. The latency over 300 sec was
counted as 300 sec.

4. Y—maze task

The percentage of alternation in the Y-maze task
was determined to evaluate spatial memory capability.
The rats were tested one day after determining the
step-down avoidance task. The arm-recognition
component of the Y-maze had three identical arms,
50 cm long, 12 cm wide, and 35 cm high. The floor
of the maze was covered with soiled animal bedding.
During Y-maze test, the rats were placed in the
center of a symmetrical Y-maze and were allowed to
explore freely in the maze for 8 min. The total
number and sequence of arms entered were recorded.
An arm was entered if the hind paws of the rat were
completely in the arm. The percentage alternation
that was the percentage of the number of entry into
all three arms in the maximum possible alternations
(the total number of arms entered divided by 3) was
calculated for each rat.

5. Tissue preparation

The rats were sacrificed immediately after

determining the behavioral test. The animals were
anesthetized using Zoletil 50® (10 mg/kg, i.p.; Vibac
Laboratories, Carros, France), transcardially perfused
with 50 mM phosphate-buffered saline (PBS), and
fixed with a freshly prepared solution consisting of
4% paraformaldehyde in 100mM phosphate buffer
(PB, pH 7.4). Brains were dissected, post-fixed in
the same fixative overnight, and transferred to 30%
sucrose for cryoprotection. Forty pm thick coronal
sections were made using a freezing microtome
(Leica, Nussloch, Germany). Ten slice sections on
average in the dentate gyrus region were collected
from each rat. The sections from 2.5mm to 2.7mm
posterior of the bregma were used for
immunohistochemistry.

6. BDNF and TrkB Western blot analysis

The hippocampal tissues were collected, and then
were immediately frozen at -80°C. The hippocampal
tissues were homogenized on ice, and lysed in a
lysis buffer containing 50mM Tris—HCl (pH 7.5),
150 mM NaCl, 0.5% deoxycholic acid, 1 % Nonidet
P40, 0.1% SDS, 1 mM PMSF, and 100mg/ml
leupeptin. Protein content was measured using a
Bio-Rad colorimetric protein assay kit (Bio-Rad,
Hercules, CA, USA). Protein of 30 ug was separated
on SDS-polyacrylamide gels and transferred onto a
nitrocellulose membrane. Mouse actin antibody
(1:500; Santa Cruz Biotechnology, Santa Cruz, CA,
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USA), rabbit BDNF antibody, and rabbit TrkB
antibody (1:1000; Santa Cruz Biotechnology) were
used as the primary antibodies. Horseradish peroxidase
-conjugated anti-rabbit antibody for BDNF and TrkB
(1:2000; Vector Laboratories, Burlingame, CA. USA)
was used as the secondary antibodies. Experiment
was performed in normal lab conditions and at room
temperature except membrane transfer. Membrane
transfer was performed at 4°C with the cold pack
and prechilled buffer. Band detection was performed
using the enhanced chemiluminescence (ECL)
detection kit (Santa Cruz Biotechnology).

7. BrdU immunohistochemistry

Slice sections were first permeabilized by
incubating in 0.5% Triton X-100 in PBS for 20 min,
then pretreated in 50% formamide-2 x standard
saline citrate (SSC) at 65C for 2 h, denatured in 2
N HCI at 37C for 30 min, and rinsed twice in 100
mM sodium borate (pH 8.5). Afterwards, the sections
were incubated overnight at 4C with BrdU-specific
mouse monoclonal antibody (1:600; Roche, Mannheim,
Germany). The sections were then washed three
times with PBS and incubated with biotinylated
mouse secondary antibody (1:200; Vector Laboratories)
for 1 h. The sections were then incubated for another
1 h with an avidin-peroxidase complex (1:100; Vector
Laboratories). For visualization, sections were
incubated in 50mM Tris-HCl (pH 7.6) containing
0.03% DAB, 40mg/ml nickel chloride, and 0.03%
hydrogen peroxide for Smin.

After BrdU staining, differentiation of BrdU
-positive cells was determined on the same section
using a mouse anti-neuronal nucleic (NeuN) antibody
(1:1000; Chemicon International, Temecula, CA,
USA). The sections were washed three times with
PBS, incubated for 1 h with a biotinylated anti-mouse
secondary antibody. For staining, sections were
incubated in a reaction mixture consisting of 0.03%
DAB and 0.03% hydrogen peroxide for Smin. The
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sections were finally mounted onto gelatin-coated
slides. The slides were air-dried overnight at room
temperature, and coverslips were mounted using
Permount” (Fisher Scientific Inc., Waltham, MA, USA).

8. Data analysis

The number of BrdU-positive cells in the dentate
gyrus was counted. The area of the dentate gyrus
was measured by Image-Pro” Plus image analysis
system (Media Cyberbetics Inc., Silver Spring, MD,
USA) attached to a light microscope (Olympus,
Tokyo, Japan). The number of BrdU-positive cells in
the dentate gyrus was counted hemilaterally through
a light microscope (Olympus). The number of
BrdU-positive cells was expressed as the number of
cells per square millimeter in the dentate gyrus. To
compare relative expression of BDNF and TrkB
proteins, detected bands were calculated densitometrically
using Molecular Analyst™ version 1.4.1 (Bio-Rad).

Statistical analysis was performed using one-way
ANOVA followed by Duncan's post-hoc test, and the
results are expressed as the meantstandard error of
the mean (S.E.M.). Significance was set as p < 0.05.

Results

1. Effect of acupuncture on short—term
memory in step—down avoidance task

The latencies of the step-down avoidance task are
presented in Fig. 2. The latency time was 267.00
+26.90 sec in the young-aged group, 13.90+£2.29 sec
in the old-aged and control group, 50.50+11.58 sec
in the old-aged and ST36-acupoint-acupunctured
group, 81.60£17.74 sec in the old-aged and ST4
1-acupoint-acupunctured group, and 20.00+7.74 sec
in the old-aged and non-acupoint-acupunctured
group.

These results showed that latency time of the
old-aged groups was conspicuously shorter than that
of the young-aged group. In contrast, acupuncture
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Fig. 2. Effect of acupuncture on latency of a step—down
avoidance task. (A) Young—aged group, (B) old—aged
control group, (C) old—aged and ST36—acupoint
—acupunctrued group, (D) old—aged and ST4t
—acupoint—acupunctured group, (E) old—aged and
non—acupoint—acupunctured group. *represents p {
0.05 compared to the young—aged group. # represents
< 0.05 compared to the old—aged control group.
§ represents p  0.05 compared to the old—aged
and ST36—acupoint—acupunctrued group.

treatment alleviated ageing-induced decrease of
short-term memory. Especially, acupuncture at ST41
acupoint showed most potent alleviating effect on
short-term memory loss induced by ageing.

2. Effect of acupuncture on spatial memory in
Y—maze task

The percentages of alternation in the Y-maze task
are presented in Fig. 3. The percentage of alternation
was 41.23+0.65% in the young-aged group, 23.60
+2.68% in the old-aged and control group, 28.49
+2.74% in the old aged-and ST36-acupoint-acupunctured
group, 30.56+1.96% in the old-aged and ST41-acupoint
-acupunctured group, and 22.46+3.40% in the
old-aged and non-acupoint-acupunctured group.

These results showed that percentage of alternation
in the old-aged groups was conspicuously decreased
than that of the young-aged group. In contrast,
treatment  alleviated

acupuncture ageing-induced

decrease of spatial memory. Especially, acupuncture
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Fig. 3. Effect of acupuncture on percentages of alternation
in the Y-maze task. (A) Young—aged group, (B)
old—aged control group, (C) old—aged and ST36
—acupoint—acupunctrued group, (D) old—aged and
ST41—acupoint—acupunctured group, (E) old—aged
and non—acupoint—acupunctured group. * represents
p < 0.05 compared to the young—aged group. #
represents p { 0.05 compared to the old—aged
control group.

at ST35- acupoint and ST41-acupoint showed more
potent alleviating effect on spatial memory loss
induced by ageing.

3. Effect of acupuncture on BDNF and
TrkB expressions

We ascertained the expression of BDNF (14 kDa),
a member of the nerve growth factor family of
neurotrophins. The expression of the BDNF protein
was 3.26+0.18 in the young- aged group, 2.00+0.29
in the old-aged and control group, 2.34+0.23 in the
old-aged and ST36-acupoint-acupunctured group,
2.81£0.31 in the old-aged and ST41-acupoint
-acupunctured group, and 1.44+0.07 in the old-aged
and non-acupoint-acupunctured group.

We also ascertained the expression of TrkB
(95-145 kDa), neurotrophic receptor for BDNF. The
expression of the TrkB protein was 2.61£0.04 in the
young-aged group, 1.43+£0.03 in the old-aged and
control group, 1.80+0.06 in the old-aged and ST36
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Fig. 4. Effect of acupuncture on the expressions of BDNF and TrkB. Actin was used as an internal control (46 kDa). (A)
Young—aged group, (B) old—aged and control group, (C) old—aged and ST36—acupoint—acupunctrued group, (D)
old—aged and ST41—acupoint—acupunctured group, (E) old—aged and non—acupoint—acupunctured group. * represents
p € 0.05 compared to the young—aged group. # represents p { 0.05 compared to the old—aged control group. §
represents p { 0.05 compared to the old—aged and ST36—acupoint—acupunctrued group.

-acupoint-acupunctured group, 2.23+0.04 in the old-aged
and ST41-acupoint-acupunctured group, 1.63£0.03 in
the old-aged and non-acupoint -acupunctured group.

The expressions of BDNF and TrkB in the
old-aged group were significantly lower than in the
young-aged group. In contrast, acupuncture treatment
remarkably enhanced the BDNF and TrkB expressions
in the old-aged rats. Especially, acupuncture at
ST41-acupoint showed most potent enhancing effect
on BDNF and TrkB expressions.

4, Effect of acupuncture on neurogenesis
in the hippocampal dentate gyrus

Photomicrographs of BrdU-positive cells in the
hippocampal dentate gyrus are presented in Fig. 4.
The number of BrdU-positive cells was 245.92+
32.75/mm’ in the young-aged group, 48.29+5.39/mm’
in the old-aged and control group, 93.41+12.06/mm>

36  http:/dx.doi.org/10.13048/jkm.17015

in the old-aged and ST36-acupoint-acupunctured
group, 130.0749.66/mn’° in the old-aged and ST
41-acupoint-acupunctured group, 48.29+6.04/mm’ in
the old-aged and non-acupoint-acupunctured group.
These results showed that neurogenesis in the
dentate gyrus of old-aged group was significantly
decreased than that of the young-aged group. In
contrast, acupuncture treatment exerted enhancing
effect of neurogenesis in the hippocampal dentate
gyrus in the old-aged rats. Especially, acupuncture at
ST41-acupoint showed most potent enhancing effect

on neurogenesis.

Discussion

Ageing process accompanies with cognitive

impairments, particularly memory loss'*'". In

previous study, episodic memory, short-term memory,
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Fig. 5. Effect of treadmill exercise on neurogenesis in the
dentate gyrus. Upper: Photomicrographs of 5—bromo
—2'—deoxyuridine (BrdU) positive cells in the dentate
gyrus. (1) Young—aged group, (2) old—aged control
group, (3) old—aged and ST4t—acupoint-acupunctured
group. The sections were stained for BrdU (black)
and neuronal nuclei (NeuN; brown). The scale bar
represents 4001 m. Lower: The number of BrdU
—positive cells in each group. (A) Young—aged
group, (B) old—aged and control group, (C)
old—aged and ST36—acupoint—acupunctrued group,
(D) old—aged and ST41—acupoint—acupunctured
group, (E) old—aged and non—acupoint—acupunctured
group. *represents p ¢ 0.05 compared to the young
—aged group. # represents p  0.05 compared to
the old—aged control group. § represents p ¢ 0.05
compared to the old—aged and ST36—acupoint
—acupunctrued group.

and spatial memory were decreased during normal
ageing process'®.

In the present result, the behavioral tests revealed
that ageing incapacitated short-term memory and
spatial memory abilities. Ageing-induced memory
loss may be related to impairment of the ability to
refresh recently processed information. Age-dependent
spatial memory impairment is known to be related
with the alteration of hippocampal plasticity and
neurogenesis' "'®.

BDNF expression in the hippocampus is closely

associated with memory consolidation and synaptic
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plasticity. Hippocampus is the brain region that has
the highest expression of BDNF and its TrkB
receptor'®. In contrast, a decrease of BDNF expression
is associated with neuronal atrophy or death, for
instance, with ageing or in some neurological
disorders'. Furthermore, the deficit of BDNF
induced impairment of hippocampal long-term
potentiation, and this deficit in synaptic function
amended by the exogenous application or
over-expression of BDNF?2),

Our present study showed that the abundant
expressions of BDNF and TrkB in the hippocampus
were observed in the young-aged rats, whereas the
old-aged rats showed significantly low expressions of
BDNF and TrkB in the hippocampus. Decreased
expressions of BDNF and TrkB by ageing are also
associated with the loss of short-term and spatial
memories in the old-aged rats.

The newly born cells are preferentially recruited
into circuits supporting spatial memory formation,
and adult neurogenesis in the hippocampus plays a
critical role in the hippocampus-dependent learning

)

process™. Ageing causes a dramatic decrease in

neurogenesis, and this change might induce

age-dependent cognitive dysfunction'®*,

In present study, the number of BrdU-positive
cells in the hippocampal dentate gyrus was significantly
decreased in the old-aged rats, indicating that ageing
decreased neurogenesis in the hippocampal dentate
gyrus. In the old-aged rats, short-term and spatial
memories were also decreased, in this study.

Stimulation of acupoint located in meridians has
been proven to activate specific areas of the human
brains®™. Especially, acupuncture produced extensive
deactivation of hippocampus in the limbic system™?®.
Thus, acupuncture may mediate its anti-pain,
anti-anxiety, and other therapeutic effects via this
intrinsic neural circuit. Activation of intrinsic neural
circuit by acupuncture plays a central role in the
affective and cognitive dimensions of pain as well as

in the regulation and integration of emotion, memory
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processing, and immunological function®. We used
acupoint, named Zusanli (ST36), Jiexi (ST41). In
fMRI experiment, acupuncture stimulation on both
acupoints ST36 and ST41 evoked activation at the
ipsilateral middle frontal gyrus and hippocampus™*®.
In addition, Yun et al’s study”® reported that
acupuncture may relieve stress by modulating
neurotrophic factor expression. In neuropathological
model research, acupuncture therapy may enhance
expressions of BDNF protein and BDNF mRNA in
the Parkinson’s disease and stroke model*™*".

Our present study showed that acupuncture
significantly enhanced BDNF and TrkB protein
expressions in the hippocampus the old-aged rats.
Acupuncture at ST41-acupoint appeared more potent
enhancing effect compared to the ST36-acupoint or
non-acupoint.

Improved spatial memory was correlated with the
increased BDNF mRNA expression in the hippocampus
of the rats™. In addition, adult hippocampal neurogenesis
is not only affected by the external stimuli but also
regulated by the internal growth factors, including
BDNF. The neurogenesis has been suggested as the
novel mechanism that enhance memory function.

In present study, neurogenesis in the hippocampal
dentate gyrus was significantly increased by acupuncture
in old-aged rats. Acupuncture at ST41-acupoint
appeared more potent increasing effect compared to
the ST36-acupoint or non-acupoint.

In the behavioral tests, acupuncture improved
short-term and spatial memories in old-aged rats.
Acupuncture at ST41-acupoint appeared more potent
improving effect compared to the ST36-acupoint or
non-acupoint.

This study showed that acupuncture alleviated
ageing-induced deterioration of short-term and spatial
memories by increasing of BDNF expression and
neurogenesis. In this study, acupuncture at ST41
-acupoint showed most potent effect than at
ST36-acupoint or non-acupoint. Based on the present
results, acupuncture might be used as the effective
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therapeutic modality to ameliorate the age-related
decrease of brain functions.
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