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The present study was investigated the neuroprotective effects of acupuncture at ST36 on learning and memory

deficits after transient cerebral ischemia in a gerbil model. The animals were randomly divided into three groups (n=7

in each group): the sham operation group (SHAM), ischemia-induced and ST36 acupuncture group (ISC + ST36), and

the ischemia-induced and Tail-acupuncture group (ISC + TAIL). For the acupuncture stimulation, stainless steel

needles, 0.3 mm in diameter, were inserted bilaterally into the ST36 locus or the tail and stimulated for 1 min/day for

14 days. Using the Morris water maze test, the animals were tested on spatial learning and memory. In addition, the

effects of acupuncture on memory storage and the choline acetyltransferase (ChAT) activity, in the hippocampal CA1

area, were investigated by ChAT immunohistochemistry. Transient cerebral ischemia produced impaired performance

on the MWM test (DAY 5: p<0.01 and retention test: p<0.05) and severely decreased ChAT immunoreactivity in the

CA1 hippocampal area compared to the SHAM group (p<0.05). However, improved learning and memory were

observed (DAY 5: p<0.05 and retention test: p<0.01) as well as a significantly reduced loss of ChAT immunoactivity

in the hippocampal CA1 region (p<0.001) after acupuncture stimulation at ST36 were observed. These results show

that acupuncture at ST36 ameliorated the learning and memory deficits at least in part through the cholinergic system.

The findings of this study provide potential data that acupuncture is useful for the treatment of some of the behavioral

impairs of transient cerebral ischemia.
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Introduction

Transient ischemic events of only a few minutes duration

result in the death of certain vulnerable populations of brain

cells
1,2)

. During cerebral ischemia, abrupt loss of neurological

function occurs, which, if serious, leads to death. This

neurological dysfunction is naturally reflected in the

deterioration of behavioral performance and memory function.

In fact, cerebral ischemia induced by an injection of

microspheres results in poor retention of the active avoidance

response in gerbils
3)

. Pulsinelli and Brierley
4)

introduced a

method for inducing cerebral ischemia in unanaesthetized rats

by temporarily occluding the common carotid arteries and

permanently interrupting the vertebral arteries. Although this

method requires a delicate and time-consuming operation, at

present it is the most widely used animal model for learning

and memory impairment5-7). Also, many anmal studies

transient ischemic event increased loss of cholinergic neurons

in the hippocampus and memory related brain regions
8,9)

.

Acupuncture has been also used for the enhancement of

functional recovery from various disorders. It has been shown

to be effective for analgesia, promotion of homeostasis, and

changes in the microcirculatory network as well as

improvements in brain circulation
7,10,11)

. Acupuncture treatment

has been particularly effective for symptomatic improvement

of cerebrovascular accidents including ischemia10-14). Although

many studies have indicated that acupuncture provides a

neuroprotective effect against ischemic brain damage, the

protective mechanisms are not fully understood. ST36 is one of

the most versatile and often used acupuncture points; this

acupuncture point is associated with strengthening of the



Effect of acupuncture at ST36 on ischemia-induced learning and memory deficits in gerbils

- 301 -

spleen and stomach, regulates the intestines and stabilizes the

mind and emotions. Many scientific studies have confirmed

the effectiveness of this point in experimental animals
15-16)

.

We carried out the present study with Mongolian gerbils

to elucidate the characteristics of cerebral ischemia-induced

deficits in learning and memory tasks using the Morris water

maze, and determined the changes in ChAT-positive neurons

in the hippocampal CA1 region.

Materials and Methods

1. Animal and acupuncture procedures

Adult male Mongolian gerbils (Orient, Inc. Korea, 11-13

weeks of age) were used for the experiments. The animal

experiments were carried out in accordance with the

Prevention of Cruelty to Animals Act 1986 and NIH guidance

for the care and use of laboratory animals for experimental

procedures, and were approved by local committee review.

The animals were housed under controlled temperature (20 ±

2℃) and lighting (09.00-21.00) conditions with food and water

ad libitum. The animals were randomly divided into three

groups (n=7 in each group): the sham operation group

(SHAM), ST36 acupuncture group (ISC + ST36), and

Tail-acupuncture group (ISC + TAIL). Acupuncture was

provided once daily (10.00 a.m.) for 14 consecutive days

starting from the second day after surgery in the acupuncture

groups. The animals were handled with special care to

minimize stress. For acupuncture stimulation, stainless steel

needles (Haenglimseowon, Korea), 0.3 mm in diameter, were

inserted bilaterally into the ST36 locus or the tail for one

minute. The ST36 point was located 1 mm laterally and

distally from the anterior tubercle of the tibia. The point on the

tail was the skin on the dorsal and posterior aspect of the

third coccygeal vertebra.

2. Induction of transient global ischemia in the gerbil

The animals were anesthetized with a mixture of 2.5%

isoflurane in 33% oxygen and 67% nitrous oxide. The common

carotid arteries, bilaterally, were isolated and occluded using

non-traumatic aneurysm clips. The complete interruption of

blood flow was confirmed by observation of the central artery

in the retinae using an ophthalmoscope. After 5 minutes of

occlusion, the aneurysm clips were removed from the common

carotid arteries. The body (rectal) temperature under

free-regulating or normothermic (37 ± 0.5℃) conditions was

monitored with a rectal temperature probe (TR-100; Fine

Science Tools, Forster City, CA, USA) and maintained using a

thermometric blanker before, during and after the surgery,

until the animals completely recovered from the anesthesia.

Thereafter, the animals were kept on the thermal incubator

(Mirae Meidical Industry, Seoul, South Korea) to maintain their

body temperature, until they were euthanized. Sham-operated

animals were subjected to the same surgical procedures except

that the common carotid arteries were not occluded.

3. Morris water maze test (MWM)

On the eighth day of stimulation with acupuncture at

ST36, all the animals started training on a MWM task in a

swimming pool (1.8 m diameter and 0.5 m high, filled with

milky water at a temperature in the 22 ± 2℃ range) for 7

days. A 12 cm diameter round platform was hidden in a

constant location (the quadrant center) within the pool with its

top surface submerged 1.5 cm below the water level. The

mongolian gerbils were trained to locate the hidden island

during four trials per day for 6 days. After the 6 days, they

were started in the quadrant opposite to the target and were

forced to swim for 60 seconds in the pool without a platform.

The spatial memory of the rats was assessed as the latency

time. The time spent searching for the platform in the training

quadrant, i.e., the previous location of the platform, was

recorded and used as a measure of memory retention. A video

camera was mounted on the ceiling above the pool and was

connected to a video-recorder and tracking device (S-MART;

Pan-Lab, Barcelona, Spain), which permitted on-line and

off-line automated tracking of the path taken by the animals.

4. Cholineacetyltransferase (ChAT) Immunohistochemistry

At the end of the behavioral observations, the animals

were deeply anesthetized with sodium pentobarbital (100

mg/kg, i.p.) and then perfused transcardially with 100 ml of

saline followed by 500 ml of a 4% solution of formaldehyde

prepared in phosphate buffer. The brains were then removed,

post-fixed in the same fixative for two to three hours at 4℃

and then placed overnight at 4℃ in PBS containing 20%

sucrose. The following day, the brain was cut into coronal

sections that were sliced to 30 μm-thicknesses. The sections

were processed for choline acetyltransferase (ChAT)

immunoreactivity using sheep anti-ChAT polyclonal antibodies

(Chemicon international, Temecula, CA., USA). The primary

antibodies were prepared were dilution of 200X in PBST

containing 2% normal rabbit serum and 0,01% keyhole limpet

hemocyanin (Sigma, USA). The sections were incubated in the

primary antiserum for 72 hours at 4°C. Following rinsing in

PBST, the sections were incubated for 2 hours at room

temperature in biotinylated rabbit anti-sheep secondary

antibodies (Vector Laboratories, Burlingame, CA.,USA) that
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were diluted 200X in PBST containing 2% normal rabbit serum.

After three more rinses in PBST, the sections were placed in

Vectastain Elite ABC reagent (Vector laboratories, Burlingame,

CA., USA) for 2 hours at room temperature. Following a

further rinsing in PBS, the tissues were developed using

diaminobenzadine (sigma, USA) as the chromogen. Images

were captured using an Axio Vision 3.0 imaging system (Zeiss,

Oberkochen, Germany) and processed in Adobe Photoshop.

Measurement of ChAT in cells was performed with a grid

placed on CA1 in the hippocampus, according to the method

of Paxinos G et al17). The number of cells was counted at 100X

magnification using a microscope rectangle grid measuring 200

x 200 ㎛.

5. Statistical analysis

The data are presented as the means ± SEM. Group

differences in the escape latency on the MWM task were

analyzed using a one-way analysis of variance (ANOVA) with

repeated measures. One-way ANOVA followed by the Tukey’s

post hoc test multiple groups comparison was used to analyze

group differences for the data collected during successive

training days, probe trials, immunohistochemical assays, and

image analysis. SPSS 15.0 for Windows was used for the

statistical analysis. A difference between groups was

considered as statistically reliable if the associated probability

(p-value) was below 0.05.

Results

1. Effect of acupuncture treatment on MWM performance in

ischemic gerbils

Fig. 1a shows the mean group latencies recorded to reach

the hidden platform, in the MWM, for all groups over 6d. An

ANOVA (3 x 6, treatment x time) performed on the swimming

time during the acquisition trials revealed significant group

difference effects (F2,14=63.151, p<0.001), day effects

(F5,70=78.125, p<0.001) and day * by group effects

(F10,70=4.232, p<0.001). A significant delayed latency was

observed in the tail-acupuncture group (ISC + TAIL) compared

to the SHAM group from the third day of the trials to the last

day. However, repeated treatment with acupuncture at ST36

markedly reduced the time spent in searching for the platform

compared to the SHAM group on the fifth day (p<0.05).

To examine the spatial memory, analysis of the

performance on the probe trial was compared to the time

spent swimming to the platform; this is illustrated in Fig. 1b.

All animals were examined by a retention test involving the

removal of the platform from the pool on the seventh trial

day. The time spent in the quadrant was statistically different

among groups (F2,14=6.749, p<0.001). Retention performances

of the ST36 acupuncture group (ISC + ST36) was not different

from the SHAM group; however, the ST36 acupuncture group

(ISC + ST36)(28.13 ± 1.24) a significant increase in the time

spent in the quadrant compared to the tail-acupuncture group

(ISC + TAIL)(23.01 ± 1.82).

Fig. 1. The effecf of stimulation at ST36 on Morris water maze. (a)
Time to escape on the platform during acquisition trials of the MWM test. Four

trials per day over 6 days were performed for the acquisition test. Mongolian

gerbils were treated with acupuncture at tail (ISC + TAIL group, n=7) and

acupuncture at ST36 (ISC + ST36 group, n=7) for 2 weeks after induction of

cerebral ischemia. The sham-operated control group (SHAM, n=7) was not given

any treatments for 2 weeks after induction of ischemia. Significance with Turkey’s

test following a repeated ANOVA is indicated as **p<0.01 (SHAM vs. ISC + TAIL),

or + p<0.05 (ISC + TAIL vs. ISC + ST36). Vertical lines indicate SEM. (b) Time

spent around the platform on the water maze test. The task was performed with

four daily trials on the 7th day without the platform for the retention test.

Mongolian gerbils were treated with acupuncture at tail (ISC + TAIL group, n=7)

and acupuncture at ST36 (ISC + ST36 group, n=7) for 2 weeks after induction

of cerebral ischemia. The sham-operated control group (SHAM, n=7) was not

given any treatments for 2 weeks after induction of ischemia. Significance with

Turkey’s test following a one-way ANOVA is indicated as **p<0.01 (SHAM vs. ISC

+ TAIL), or +p<0.05 (ISC + TAIL vs. ISC + ST36). Vertical lines indicate SEM.

2. Effect of acupuncture treatment on cholineacetyltransferase

changes in ischemic gerbils

The results of the ChAT immunoreactive analysis of CA1

are shown in Fig. 2. The number of ChAT immunoreactive

cells in the hippocampal CA1 was decreased after the

induction of transient global ischemia. The number of ChAT

immunoreactive cells was statistically different among groups

(F2,34=11.210, p<0.001). The number of ChAT immunoreactive

cells in the ST36 acupuncture group (ISC + ST36) was not
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different from the SHAM group; however, the results of the

ST36 acupuncture group (ISC + ST36)(29.82 ± 2.02) were

significantly increased compared to the tail-acupuncture group

(ISC + TAIL)(23.11 ± 2.32). The number of ChAT positive

neurons was significantly increased to 129.0% of the

tail-acupuncture group (ISC + TAIL) in the ST36 acupuncture

group (ISC + ST36)(p<0.05). This result demonstrated that

stimulation of the ST36 acupuncture point was associated with

improved memory function.

Fig. 2. The effecf of stimulation at ST36 on expression of ChAT. (a)

The number (mean ± SEM) of choline acetyltransferase (ChAT)

immunostained nuclei in hippocampal CA1 area of the experimental

groups after the water maze learning task. Mongolian gerbils were

treated with acupuncture at tail (ISC + TAIL group, n=7) and

acupuncture at ST36 (ISC + ST36 group, n=7) for 2 weeks after

induction of cerebral ischemia. The sham-operated control group

(SHAM, n=7) was not given any treatments for 2 weeks after induction

of ischemia. Significance with Turkey’s test following a one-way ANOVA

is indicated as ***p<0.001 (SHAM vs. ISC + TAIL), or +p<0.05 (ISC +

TAIL vs. ISC + ST36). Vertical lines indicate SEM. (b) Representative

microphotographs of coronal section showing ChAT expression in the

hippocampal CA1 of (A)SHAM, and (B)ISC+ST36, (C)ISC+TAIL group.

Calibration bars represents 100 ㎛ (located in A)in A-C.

Discussion

In this study, we investigated whether treatment with

acupuncture could improve memory retention functions on the

MWM and measured the ChAT immunoreactive cells in the

hippocampal CA1 region, in a transient cerebral ischemia

gerbil model. We found that acupuncture at ST36 improved

the function of memory retention on the MWM and increased

ChAT immunoreactivity in the hippocampal CA1 area in the

cerebral ischemia gerbil model.

Acupuncture is a widely used clinical treatment used for

various diseases in oriental medicine. Treatment with

acupuncture promotes homeostasis, improves brain circulation,

pain control, and neuromodulatory functions in the central

nervous system7,10-24). Treatment with acupuncture is

particularly effective for symptomatic improvement of

cerebrovascular accidents including ischemia
10,12,13)

. Consistent

with previous studies, our results showed that the

tail-acupuncture group (ISC + TAIL) had deficits in learning

and memory on the MWM test. However, the ST36

acupuncture group (ISC + ST36) had significantly improved

spatial learning and memory compared to the tail-acupuncture

group (ISC + TAIL) group.

One logical consequence of neuronal loss, observed after

ischemia, is cholinergic deficits in affected brain areas25). The

hippocampus has been associated with memory processes and

is densely innervated by cholinergic fibers26). The degeneration

of the cholinergic innervations, from the basal forebrain to the

hippocampal formation in the temporal lobes, is thought to be

one of the factors determining the progression of memory

decay, both during normal aging and in AD11). The best

available marker for cholinergic neurons, in the basal forebrain,

is ChAT activity. ChAT synthesizes the neurotransmitter

acetylcholine, in the basal forebrain, cortex, hippocampus, and

amygdala. A significant reduction in ChAT activity in the

postmortem brains of mentally impaired patients has been

reported. In addition, Ischemic insult decreases the

acetylcholine concentration in affected regions of the brain
27)

.

There is a 20-50% decrease in ChAT activity in the

hippocampus after cerebral ischemia in the gerbil model.

However, treatment with acupuncture at ST36 modulates the

function of these neurons and appears to play a role in their

maintenance by preventing the ischemia-induced decrease in

ChAT activity
2)

. The results of this study show that stimulation

with acupuncture at ST36 exerts beneficial effects on

cholinergic neurotransmission in the brain by increasing ChAT

activity in the hippocampus. The findings suggest that

treatment with acupuncture at ST36 helps to recover

cholinergic systems following ischemic insults, which may be

beneficial to the plastic responses of cholinergic nerves after

ischemic injury.

In this study, treatment with acupuncture suppressed the

ischemia-induced decrement in the number of ChAT positive

cells in the hippocampal CA1 region. The most potent

inhibitory effect was observed at the ST36 acupoint and

acupuncture at a non-acupoint showed no significant effects.

Acupuncture exerted no significant effect on the number of

ChAT positive cells under normal conditions. One of the most

impressive effects of acupuncture is the rapid recovery from
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complications associated with a stroke26,27). Acupuncture

provides neuroprotection against cerebral ischemia in the

monkey
10)

and gerbil
1)

regionresults of the present study show

that acupuncture, especially at the ST36 acupoint, ameliorates

ischemia-induced deficits of learning and memory, suggesting

that acupuncture might aid in recovery following ischemic

cerebral injury.
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