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Acupuncture suppresses kainic acid-induced neuronal death and
inflammatory events in mouse hippocampus
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Abstract The administration of kainic acid (KA) causes

seizures and produces neurodegeneration in hippocampal

CA3 pyramidal cells. The present study investigated a

possible role of acupuncture in reducing hippocampal cell

death and inflammatory events, using a mouse model of

kainic acid-induced epilepsy. Male C57BL/6 mice received

acupuncture treatments at acupoint HT8 or in the tail area

bilaterally once a day for 2 days and again immediately

after an intraperitoneal injection of KA (30 mg/kg). HT8 is

located on the palmar surface of the forelimbs, between the

fourth and fifth metacarpal bones. Twenty-four hours after

the KA injection, neuronal cell survival, the activations of

microglia and astrocytes, and mRNA expression of two

proinflammatory cytokines, interleukin-1b (IL-1b) and

tumor necrosis factor-a (TNF-a), were measured in the

hippocampus. Acupuncture stimulation at HT8, but not in

the tail area, significantly reduced the KA-induced seizure,

neuron death, microglial and astrocyte activations, and

IL-1b mRNA expression in the hippocampus. The acu-

puncture stimulation also decreased the mRNA expression

of TNF-a, but it was not significant. These results indicate

that acupuncture at HT8 can inhibit hippocampal cell death

and suppress KA-induced inflammatory events, suggesting

a possible role for acupuncture in the treatment of epilepsy.
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Introduction

Epilepsy is one of the most common serious brain disorders

and affects people of all ages. Although various antiepi-

leptic drugs are used in the treatment of epilepsy, they are

only effective in 60–70 % of the patient population.

Moreover, they do not modify the disease process, but

merely suppress epileptic symptoms such as seizures [1, 2].

Temporal lobe epilepsy is the most common type of

epilepsy in the adult population, and is frequently associ-

ated with the loss of neurons from the hippocampus and

other brain regions [3]. Kainic acid (KA) is a neuroexcit-

atory amino acid for the induction of seizures. The

administration of KA causes seizures and produces neu-

rodegeneration in dentate hilar cells and hippocampal CA3

pyramidal cells, similar to that observed in the human

epileptic hippocampus [4–6]. Therefore, the KA-induced

epilepsy animal model has been widely used as an exper-

imental model of human temporal lobe epilepsy [7].

KA administration causes hippocampal cell death via

various pathways. KA induces excessive amounts of glu-

tamate in the hippocampus, leading to neuronal apoptosis
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and necrosis [8]. KA also increases the creation of reactive

oxidative species and reactive nitrogen species, which

plays an important role in the neuronal damage [9].

Moreover, KA administration increased the activations of

microglia and astrocytes in the hippocampus [10–12].

Microglial cells are specialized macrophages in the central

nervous system that are capable of immune defense, and

astrocytes are the most numerous glia cells in central

nervous system [13]. Their activations contribute to

KA-induced neuronal cell death through a sustained

inflammatory response [6] and the induction of inflamma-

tory mediators such as interleukin-1b (IL-1b) and tumor

necrosis factor-a (TNF-a) [14].

Acupuncture has been used to alleviate a variety of

neurological disorders, including epilepsy [15], and a good

deal of evidence supports its neuroprotective effect against

KA toxicity. In animal models, acupuncture or electro-

acupuncture stimulation has been shown to reduce

neuronal cell death induced by KA; this effect may be

attributable to the neuroprotection of hippocampal neurons

and the regulation of GABA-mediated signaling via

increased glutamate decarboxylase [16, 17]. In addition,

some studies in a bronchial asthma rat model [18] and in

arthritis animal models [19–21] suggest that acupuncture

has an anti-inflammatory effect, possibly as a result of

cytokine suppression. Moreover, acupuncture has been

shown to suppress microglial activation in spinal cord [22]

and cytokines, and IL-1b in spinal cord [23] and colon

[24]. These anti-inflammatory effects have also been

demonstrated in the brains of mice with MPTP-induced

Parkinson’s disease [25, 26], as well as in arthritis animal

models. Therefore, acupuncture has the potential to sup-

press KA-induced inflammatory events in the hippocam-

pus, but the mechanism is still unclear.

Our previous study showed that acupuncture stimulation

at HT8 can suppress the KA-induced hippocampal cell death

via increasing glutamate decarboxylase [16]. In the present

study, we investigated whether acupuncture can reduce

hippocampal cell death, microglial activation, and inflam-

matory cytokine mRNA levels associated with epilepsy.

Methods

Animals and grouping

Male C57BL/6 mice (8 weeks old, weighing 20–23 g;

Orientbio, Korea) were housed at room temperature

(22 ± 3 �C) under a standard 12-h light/dark cycle (lights

on at 0700 hours) with unlimited access to food and water.

The animals were handled in accordance with the current

guidelines established in the NIH Guide for the Care and

Use of Laboratory Animals (NIH Publication No. 85-23,

1985), and all efforts were made to minimize animal suf-

fering and reduce the number of animals used. The mice

were randomly assigned to four groups: the saline group

(n = 12), which was injected with normal saline and did

not receive acupuncture stimulation; the KA group

(n = 18), which was injected with KA (Sigma, St. Louis,

MO, USA) and did not receive acupuncture stimulation;

the KA ? HT8 group (n = 16), which was injected with

KA and received acupuncture stimulation bilaterally at

acupoint HT8; and the KA ? NA group (n = 18), which

was injected with KA and received acupuncture stimula-

tion bilaterally in the tail as the control group of acu-

puncture stimulation.

Acupuncture stimulation and kainic acid injection

Between 1000 and 1030 hours, the mice in the KA ? HT8

group were lightly immobilized by grasping the loose skin

behind the ears with thumb and forefinger of an asistant,

and acupuncture needles (0.18 9 8 mm; Dongbang

Acupuncture, Korea) were inserted at the bilateral HT8

acupoints. HT8 is located on the palmar surface of the

forelimbs, between the fourth and fifth metacarpal bones.

The position of the acupoint in mice corresponds anatom-

ically to its location in humans [27]. Acupoints in the heart

meridian (HT) have been used to treat psychopathic and

neurological disorders such as epilepsy [19]. Among these

acupoints, HT8 (Shaofu) is traditionally known as a

representative acupoint for balancing homeostasis by

regulating the excitatory and inhibitory functions in the

body [28]. The needle was inserted to a depth of 1 mm and

was turned at a rate of two spins and counter-spins per

second for 30 s, with removal immediately afterward. The

entire stimulation lasted 60 s. The mice in the saline and

KA groups were also immobilized in a similar fashion for

60 s. The stimulation was repeated three times: once a day

for 2 days prior to KA injection, and then immediately

after KA injection. The procedure for acupuncture stimu-

lation in the KA ? NA group was same as that in the

KA ? HT8 group, except that the acupuncture points were

5 mm distal to the lateral side of the tail base where there

are no acupoints. The animals of the saline and KA groups

were also immobilized in a similar fashion for 60 s. KA

(30 mg/kg of free base; Sigma) was injected intraperito-

neally with a BD Ultra-fine II insulin syringe (Becton,

Dickson, Franklin Lakes, NJ, USA) just before the last

acupuncture stimulation. The mice in the saline group were

injected with normal saline instead of KA.

Quantification of behavioral seizures

After acupuncture stimulation or immobilization for 60 s

following the saline or KA injection, we directly observed
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the behavioral changes in the mice for 120 min, to deter-

mine the severity of the seizure activity. The mice were

evaluated on a previously established six-point seizure

scale [29]: stage 1 immobility; stage 2 forelimb and/or tail

extension, rigid posture; stage 3 repetitive movements,

head bobbing; stage 4 rearing and falling; stage 5 contin-

uous rearing and falling; and stage 6 severe tonic–clonic

seizures.

Immunohistochemistry

Twenty-four hours after the KA injection, the mice (n = 6

from each group) were perfused with 4 % paraformalde-

hyde dissolved in 0.1 M phosphate buffer (PB). The brains

were removed from the cranium, post-fixed for a day,

washed in 0.1 M PB, and immersed in a 30 % sucrose

solution for storage at 4 �C prior to sectioning. Frozen

sections (40 lm) were cut using a cryostat.

Hippocampal sections (-1.82 to -2.06 mm from

bregma) from each animal were stained. To identify

degenerating neurons in the hippocampus, cresyl violet

staining was performed. The sections were mounted on

silane-coated slides, air-dried, and incubated for 1 min in a

1 % solution of cresyl violet. Next, the sections were

washed thoroughly in cold tap water, rinsed briefly in 1 %

acetic acid solution for 10 s, dehydrated by immersion in

ascending grades of alcohol, cleared with xylene, and

coverslipped using mounting medium. The severity and

extent of neurodegeneration in the CA3 area of the hip-

pocampus were assessed using Duan’s method [30] and

scored quantitatively: 0, normal; 1, \10 % pyknotic neu-

rons in CA3; 2, 11–40 % pyknotic neurons in CA3; 3,

[40 % pyknotic neurons in CA3; 4, slight (\10 %) neuron

loss in CA3; 5, moderate (11–40 %) neuron loss in CA3;

and 6, severe ([40 %) neuron loss in CA3 area.

Sections were also immunohistochemically processed to

detect microglia in the mouse hippocampus. Briefly, the

sections were incubated with CD11b (AbD Serotec,

Oxford, UK) or GFAP (Cell Signaling Technology,

Beverly, MA, USA) primary antibodies diluted 1:1,000 for

24 h at 4 �C. After washing in 0.05 M phosphate-buffered

saline (PBS), the sections were incubated with biotinylated

anti-rat IgG (Vector Laboratories, Burlingame, CA, USA)

for 1 h at room temperature, followed by incubation with

ABC reagent (Vector Laboratories) for 1 h at room tem-

perature. Then, the sections were washed in PBS, incubated

with 0.02 % diaminobenzidine (DAB) and 0.003 %

hydrogen peroxide in 0.1 M Tris–HCl-buffered saline (pH

7.5) for 5 min, rinsed with PBS, mounted on gelatin-coated

slides, air-dried, dehydrated, and coverslipped. The slides

were observed under a bright-field BX51 microscope

(Olympus, Japan) and photographed using a DP70 camera

(Olympus). The number of CD11b or GFAP positive cell

bodies in the CA3 was counted on each section and ana-

lyzed using an image analyzer (Optimas v.6.5; Media

Cybernetics, MD, USA). The cell count is expressed as the

mean number of cells per mm2.

IL-1b and TNF-a gene expressions measured

by quantitative real-time PCR

Twenty-four hours after KA injection, six mice from each

group were killed, and the whole hippocampus was

immediately extracted from each. Real-time PCR was

performed to quantify the amounts of IL-1b and TNF-a
mRNA in the hippocampi. The PCR reaction mixture

contained 5 mM MgCl2, 2 lL of SYBR Green 1, 1 lL of

hippocampal cDNA, and a pair of specific primers in a total

volume of 20 lL. Specific primer pairs were used sepa-

rately to amplify IL-1b, TNF-a, and ß-actin, as an endog-

enous control. Real-time PCR was carried out in capillary

glass tubes in a Light Cycler 1.5 instrument (Roche

Diagnostics, Basel, Switzerland). The amplification pro-

gram consisted of 10 min at 95 �C, followed by 40 cycles

of 95 �C for 10 s, 63 �C (IL-1b) or 61 �C (TNF-a and

ß-actin) for 5 s, and 72 �C for 10 s. After amplification, the

samples underwent a melting curve analysis consisting of 1

cycle of 95 �C for 0 s, 63 �C (IL-1b and TNF-a) or 61 �C

(ß-actin) for 15 s, and 95 �C for 10 s, at the step acquisi-

tion mode. A negative control was included in each run to

assess primer specificity and possible contamination. The

threshold cycle (Ct) was taken to be the PCR cycle at

which the reporter fluorescence could be detected above

baseline. The expression level was obtained from a loga-

rithmic plot of the fluorescence signal above background

noise. The values for IL-1b and TNF-a were normalized to

that for ß-actin.

Statistical analysis

All data are expressed as the mean ± SEM. Data were

analyzed by one-way ANOVA with the Neuman–Keuls

post hoc test, and differences were considered statistically

significant at P \ 0.05.

Results

KA-induced epileptic seizure

All the KA injected subjects began seizures within 20 min

and showed the most severe seizure degrees within 50 min.

With acupuncture stimulation, the severity of seizure in the

KA ? HT8 group was lower than those in the KA group

and the survival ratio in the KA ? HT8 group was greater

than those in the KA group during 24 h. The mice in the
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KA ? NA group also displayed lesser severity of seizure

and KA-induced death comparing to those in the KA

group, but showed lesser effects compared to those in the

KA ? HT8 group (Table 1).

KA-induced neuronal death in CA3 of the hippocampus

The KA-induced cell death in the CA3 was assessed using

cresyl violet staining. Twenty-four hours after KA admin-

istration, the CA3 pathological score in the KA group was

3.9 ± 0.34, which means that pyramidal layers had been

destroyed. The CA3 score in the KA ? HT8 group

(2.5 ± 0.37) was significantly less than that in the KA

group (P \ 0.05), whereas the score in the KA ? NA

group was not significantly different from that in the

KA group. Thus, acupuncture stimulation only at HT8

significantly suppressed KA-induced neuronal destruction

(Fig. 1).

Microglial activation in CA3 of the hippocampus

The number of CD11b-positive cells was significantly

higher in the KA group (168.9 ± 19.36 cells/mm2;

P \ 0.001) compared with the saline group. However, the

number was significantly lower in the KA ? HT8 group

(61.78 ± 20.86 cells/mm2) compared with that in the KA

group (P \ 0.01). Although the number in the KA ? NA

group (119.3 ± 22.37 cells/mm2) was also lower than that

in the KA group, the difference was not significant (Fig. 2).

Astrocyte activation in CA3 of the hippocampus

The number of GFAP-positive cells was significantly

higher in the KA group (238.6 ± 32.83 cells/mm2;

P \0.001) compared with the saline group. Compared with

the number of GFAP-positive cells in the KA group, the

number was significantly lower in the KA ? HT8 group

(72.8 ± 18.26 cells/mm2; P \ 0.01). Although the number

in the KA ? NA group (206.7 ± 45.60 cells/mm2) was

also lower than that in the KA group, the difference was

not significant (Fig. 3). Thus, acupuncture stimulation at

HT8 significantly suppressed the activations of microglia

and astrocyte.

IL-1b and TNF-a gene expression in CA3

of the hippocampus

In the KA group, IL-1b gene expression was significantly

increased (388.0 ± 66.05 %; P \ 0.05) compared with

that in the saline group (100.0 ± 26.37 %). However, the

level of IL-1b gene expression was significantly lower in

the KA ? HT8 group (136.9 ± 54.47 %) compared with

that in the KA group (P \ 0.05). Although IL-1b gene

expression in the KA ? NA group (275.4 ± 90.68 %) was

also lower than that in the KA group, the difference was

not significant (Fig. 4a). A similar trend was seen for TNF-

a gene expression, but there were no statistically significant

difference (P = 0.0798, Fig. 4b).

Table 1 Classification of seizure parameters in C57BL/6 mice after

KA administration

Group Maximum seizure parameters, the number of

mice

Repetitive

movements

(Stage 3)

Rearing

and

falling

(Stage 4)

Severe

seizure

(Stages

5, 6)

Death

(Stage 7)

KA (n = 18) 0 3 9 6

KA ? HT8 (n = 16) 4 7 1 4

KA ? NA (n = 18) 2 5 5 6

Fig. 1 Neuronal cell death in hippocampal CA3 region after kainic

acid (KA) administration. Saline saline injected control group; KA
KA injected group; KA ? HT8 acupuncture at HT8 with KA injection

group; KA ? NA acupuncture at tail with KA injection group. Scale
bar 100 lm. All data are presented as the mean ± SEM. *P \ 0.05

versus KA group

380 J Physiol Sci (2012) 62:377–383

123



Discussion

The present results demonstrate that acupuncture stimula-

tion at acupoint HT8 can reduce KA-induced hippocampal

cell death, microglial activation, and IL-1b gene expression

in the mouse hippocampus. Given that acupuncture stim-

ulation at tail base (non-acupoint) fails to suppress the

KA-induced seizure and hippocampal changes, these neu-

roprotective and anti-inflammatory effects are innate

characteristics of the stimulation at acupoint HT8.

Inflammatory events play a major role in the patholog-

ical processes of epilepsy and seizure-induced brain dam-

age. After status epilepticus, microglia and astrocyte are

activated [10–12], leading to the upregulation of cytokine

and chemokine expression [31]. These events occur in

epilepsy patients and animal epilepsy models. KA, an

excitotoxin, causes epileptic seizures, activates microglia

and astrocyte [10–12], and produces neurodegeneration of

dentate hilar cells and hippocampal CA3 pyramidal cells

[4–6]. The inhibition of microglial activation has been

shown to reduce excitotoxic spinal cord neuronal cell death

[32]. We evaluated neuronal cell death by cresyl violet

staining and assessed microglia and astrocyte activations,

and only the KA ? HT8 group had significantly fewer

activated microglia and astrocytes than the KA group.

Thus, considering that acupuncture stimulation at HT8

(KA ? HT8 group), but not at the tail area (KA ? NA

group), and suppressed KA-induced neuronal destruction

and microglial activations in the hippocampus, a reduction

in microglial activation can account for the neuroprotective

effect of acupuncture stimulation in the present study.

IL-1b is a primary mediator of KA-induced excitability

of hippocampal neurons [33] and plays a central role in

KA-induced neurodegeneration [34]. We evaluated the

expression of IL-1b by real-time PCR. The expression of

IL-1b in the hippocampus was significantly lower in the

KA ? HT8 group than in the KA group, but IL-1b
expression in the KA ? NA group did not differ

Fig. 2 The expressions of CD11b-positive cells in hippocampal CA3

region after kainic acid (KA) administration. Saline saline injected

control group; KA KA injected group; KA ? HT8 acupuncture at HT8

with KA injection group; KA ? NA acupuncture at tail with KA

injection group. Scale bar 100 lm. All data are presented as the

mean ± SEM. **P \ 0.01 versus KA group

Fig. 3 The expressions of GFAP-positive cells in hippocampal CA3

region after kainic acid (KA) administration. Saline saline injected

control group; KA KA injected group; KA ? HT8 acupuncture at HT8

with KA injection group; KA ? NA acupuncture at tail with KA

injection group. Scale bar 100 lm. All data are presented as the

mean ± SEM. **P \ 0.01 versus KA group
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significantly from that in the KA group. These results

indicate that the neuroprotective effect of acupuncture

stimulation at HT8 results from reduced IL-1b expression

owing to the suppression of microglial activation.

TNF-a is a cytokine that can cause cell death, and it is

known to increase in hippocampi after KA administration

[35]. But Järvelä et al. [36] reported that IL-1b mRNA

expression in hippocampi increased 4 h after KA injection

and remained significantly higher than in the control group

at 24 h, but TNF-a mRNA expression was not maintained

significantly at 24 h, although it also increased 4 h after

KA injection. In this study, the mRNA expression of

TNF-a showed similar trend to that of IL-1b, but there

were no statistically significant difference (P = 0.0798)

24 h after KA administration. We supposed that the

negative statistic result of TNF-a mRNA expression was

due to the failure of maintaining significant TNF-a mRNA

increase to 24 h after KA administration, but more rigorous

study is needed for clarifying our supposition.

In this study, acupuncture stimulation at HT8 suppressed

KA-induced neuronal cell death, microglial activation, and

IL-1b gene expression, suggesting that its neuroprotective

effects may be mediated by the suppression of KA-induced

inflammatory events. However, the possibility that acu-

puncture may mitigate KA-induced seizures via other

mechanisms remains. Furthermore, this study investigated

the effects of acupuncture on KA-induced status epilepti-

cus only, and not on chronic epilepsy or spontaneous

recurrent seizures. Despite these limitations, our findings

may provide important clues for understanding the mech-

anism of acupuncture in epilepsy intervention.
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36. Järvelä JT, Lopez-Picon FR, Plysjuk A, Ruohonen S, Holopainen

IE (2011) Temporal profiles of age-dependent changes in cyto-

kine mRNA expression and glial cell activation after status epi-

lepticus in postnatal rat hippocampus. J Neuroinflamm 8:29

J Physiol Sci (2012) 62:377–383 383

123


	Acupuncture suppresses kainic acid-induced neuronal death and inflammatory events in mouse hippocampus
	Abstract
	Introduction
	Methods
	Animals and grouping
	Acupuncture stimulation and kainic acid injection
	Quantification of behavioral seizures
	Immunohistochemistry
	IL-1 beta and TNF- alpha gene expressions measured by quantitative real-time PCR
	Statistical analysis

	Results
	KA-induced epileptic seizure
	KA-induced neuronal death in CA3 of the hippocampus
	Microglial activation in CA3 of the hippocampus
	Astrocyte activation in CA3 of the hippocampus
	IL-1 beta and TNF- alpha gene expression in CA3 of the hippocampus

	Discussion
	Acknowledgments
	References


