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Our previous study with functional MRI demonstrated that acupuncture stimulation on the
vision-related acupoint, Bl-67, activated the visual cortex of human brain. As a further study on the
effect of Bl-67 acupuncture stimulation on the visual cortex, we examined c-Fos expression in
binocularly deprived rat pups. Binocular deprivation significantly reduced the number of c-Fos-
positive cells in the primary visual cortex, compared with that of normal control rat pups.
Interestingly, acupuncture stimulation on Bl-67 resulted in a significant increase in the number of c-
Fos-positive cells in the primary visual cortex whereas acupuncture stimulation on other acupoint
less important for visual function had no significant effect on c-Fos expression in the primary visual
cortex. The result suggests the possibility of the vision-related acupoint having an influence over the
activity of the primary visual cortex.

In oriental medicine, vision-related acupoints have been believed to be effective in treating eye-related disorders

clinically (Hong, 1994; Stux and Pomeranz, 1988). The acupoint Bl-67, located on the lateral side of the little toe, is

known to be one of the vision-related acupoints (Fig. 1, Cho et al., 1998; Hong, 1994; Stux and Pomeranz, 1998). Our

previous functional MRI study has shown similar patterns of activation signals in the visual cortex of human brain,

either after acupuncture stimulation on Bl-67 or 8-Hz light-flash stimulation on the eyes (Fig. 2, Cho et al., 1998). This

result suggests a possible correlation between activation of the visual cortex and acupuncture stimulation on the vision-

related acupoint. However, there has been no basic study to explain how the activation signal in the visual cortex is

obtained following acupuncture stimulation on the vision-related acupoint (Bl-67). In this study, therefore,

immunoreactivity for c-Fos protein, known to mediate the rapid physiological events that occur in the visual cortex

during early postnatal life (Beaver et al., 1993; Mower, 1994; Yamada et al., 1999), was measured for the purpose of

investigating the effect of Bl-67 acupuncture stimulation on the visual cortex.

The neonatal visual cortex is highly plastic, and its development is regulated by visual experience during early
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Fig. 1. The vision-related acupoints Bl-67 and acupoints for comparison, Sp-1.

Fig. 2. The fMRI activation maps of the visual cortex resulting from visual stimulation of the
eye and acupuncture stimulation at Bl-67, and nonacupoint stimulation, respectively.

postnatal period (Caleo et al., 1999; Kaminska et al., 1996; Mower et al., 1983; Rosen et al., 1992). Even a brief

exposure to visual stimuli during a period of dark-rearing results in dramatic inductions of c-fos mRNA and/or c-Fos

protein in the visual cortex, and this leads to the rapid development of the visual cortex (Beaver et al., 1993; Mower,

1994; Rosen et al., 1992; Sato et al., 2000). As an animal model for the complete exclusion of light-related

physiological events, rat pups with binocular deprivation before eye opening were employed in the present study.

Although relatively few researches have focused on the biological effects of manual acupuncture compared to

electroacupuncture (Hui et al., 2000; Sato et al., 1992; Sato et al., 1993), manual acupuncture is clinically more often

used than electroacupuncture. Recent studies have also reported that manual acupuncture has the effects of modulation

of the limbic system and subcortical gray structures of the human brain (Hui et al., 2000) and proliferation of newly
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generated cells in the dentate gyrus (Kim et al., 2001). In addition, to further examine whether or not acupuncture

stimulation on specific acupoints is more effective than that on nonspecific acupoints not closely related with

corresponding disorders, we performed acupuncture stimulation on Bl-54 as well in the binocularly deprived rat pups

(Cho et al., 1998; Lee et al., 1993; Stux and Pomeranz, 1988). In essence this study was designed to study the

correlation between manual acupuncture stimulation on Bl-67 and the activation of the visual cortex.

MATERIALS AND METHODS

Animal model

The experimental procedures were carried out in accordance with the animal care guidelines of NIH and the Korean

Academy of Medical Sciences. 24 laboratory-born Sprague-Dawley rat pups were divided into three groups: eight pups

of normal rearing served as the control (Control), eight pups were binocularly deprived (BD), and eight pups were

subjected to acupuncture stimulation on Bl-67 after binocular deprivation (Bl-67+BD). Binocular deprivation was

carefully carried out under ether anesthesia at postnatal day 10 (P10), just prior to eye opening (Caleo et al., 1999; Sato et

al., 2000). Animals were housed in cages at controlled temperature (20 ± 2 °C) with a 12:12 h light-dark cycle. Food and

water were made available ad libitum. All animals were handled with care to prevent infection and minimize stress.

Acupuncture stimulation

Acupuncture stimulation on Bl-67 was performed for 15 min a day from P14 to P30, during the critical

developmental period of the rat's visual cortex (Caleo et al., 1999). Relevant acupuncture stimulation procedures were

applied in accordance with previous studies (Ji et al., 1994; Kim et al., 2001; Sato et al., 1992; Sato et al., 1993).

Sterilized stainless steel acupuncture needles of 0.1 mm diameter were inserted into the loci of Bl-67 on both feet,

located at the lateral proximal corner of the 5th toe, right next to the nail (Stux and Pomeranz, 1988). During the

acupuncture stimulation, animals were kept in plastic holders with their tails and hind legs protruding out. Animals in

the Control and BD groups were similarly kept in holders without acupuncture stimulation in order to rule out

variations due to stress caused by the restraint.

c-Fos immunohistochemistry

On P30, rats were anesthetized with pentobarbital sodium (50 mg/kg, i.p.) to a state of complete lack of response,

and then rapidly perfused through the aorta with 0.05 M phosphate-buffered saline (PBS), followed by freshly

prepared 4 % paraformaldehyde in 0.1 M phosphate buffer. Brains were then removed, post-fixed with the same

fixative for 2 days, and then transferred into 30 % sucrose in 0.05 M PBS under storage at 4 °C until sectioning.

Sections were cut coronally in 30 µm through the areas of interest on a freezing microtome (Leica, Nuβloch,
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Germany). The sections were incubated in rabbit anti-c-Fos antibody (Santa Cruz Biotechnology Inc, Santa Cruz, CA)

at a dilution of 1:1000 for 24 h at 4 °C. After washing in PBS, they were incubated with the secondary antibody

(biotinylated anti-rabbit IgG, Vector Laboratories Inc, Burlingame, CA) for 1 h at room temperature. The sections were

reacted with ABC reagent (Vector Laboratories Inc, Burlingame, CA) for 1 h at room temperature, washed in PBS and

then incubated for 5 min in 0.1 M Tris-HCl-buffered saline (pH 7.5) containing 0.02 % diaminobenzidine solution and

0.003 % hydrogen peroxide. The sections were mounted on 0.5 % gelatin solution coated glass slides.

Analysis of c-Fos immunoreactivity

Analysis of the rat brain areas was carried out using the rat brain atlas of Paxinos and Watson (Paxinos and Watson,

1997). The boundaries of the cytoarchitecture of the rat primary visual cortex were determined according to the

previously described method (Reid and Juraska, 1991; Zilles et al., 1984). The sections were selected from the

comparable regions in the lateral geniculate nucleus (LGN) and the primary visual cortex, and photographed each at ×100

(LGN) and ×40 (primary visual cortex). For the analysis of c-Fos immunoreactivity in the primary visual cortex, the

method by Sato et al. (2000) was used. To explain the method briefly, a sheet of paper having a rectangular slit (1.98 cm

wide and 6 cm long) was placed in the middle of the photomicrographs, with the longer side of the slit perpendicular to

the cortical surface, so that all the c-Fos-positive cells from the pia to the white matter of the primary visual cortical area

in a hemisphere can be seen at a time. The width of 1.92 cm in photographs corresponded to 400 µm. The number of

c-Fos-positive cells per slit was manually counted by experimenters unaware of the animal group assignment.

Statistical analysis

The data were assessed by one-way ANOVA with Tukey’s post hoc test. Differences between groups were

considered significant for p < 0.05.

RESULTS

c-Fos immunoreactivity in the LGN

Binocular deprivation resulted in a clear down regulation of c-Fos expression in the LGN, compared with that of

the Control group (Fig. 3 and 5, mean ± s.e.m., 31.04 ± 1.05 vs. 18.79 ± 2.23; p < 0.001). In the Bl-67+BD group, c-

Fos immunoreactivity in the LGN showed a similar pattern compared with that of the BD group (Fig. 3 and 5, mean ±

s.e.m., 18.79 ± 2.23 vs. 24.85 ± 1.63; p = 0.079).

c-Fos immunoreactivity in the primary visual cortex

In the primary visual cortex, the number of c-Fos-positive cells per slit in the BD group was significantly smaller
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Fig. 3. Bright-field photomicrographs showing c-Fos-positive cells in the LGN at postnatal day 30 (P30).
(A), Control group is normally reared rat pups; (B), BD group was binocularly deprived at P10;
(C), Bl-67+BD group was binocularly deprived at P10 and acupuncture stimulated on the vision-
related acupoint Bl-67 from P14 to P30. Binocular deprivation downregulated c-Fos expression in
the LGN (A, B). No significant difference was observed between BD and Bl-67+BD groups (B, C).
Scale bar represents 100. BD, binocular deprivation; LGN, lateral geniculate nucleus.

Fig. 4. Bright-field photomicrographs showing c-Fos-positive cells in the primary visual cortex. (A),
Control group is normally reared rat pups; (B), BD group was binocularly deprived at P10; (C),
Bl-67+BD group was binocularly deprived at P10 and acupuncture stimulated on the vision-
related acupoint Bl-67 from P14 to P30. A smaller number of c-Fos-positive cells were observed in
BD group than in Control group (A, B). Acupuncture stimulation on Bl-67 clearly increased the
number of c-Fos-positive cells compared with that of BD rat pups (B, C). Scale bar represents 125.
BD, binocular deprivation.

than that in the Control group (Fig. 4 and 5, mean ± s.e.m., 62.52 ± 4.56 vs. 31.31 ± 1.27 per slit; p < 0.001).

Interestingly, acupuncture stimulation on Bl-67 resulted in a significant increase in the number of c-Fos-positive cells

in the primary visual cortex but not in the LGN. The Bl-67+BD group showed higher c-Fos expression in the primary

visual cortex than the BD group (Fig. 4 and 5, mean ± s.e.m., 31.31 ± 1.27 vs. 37.05 ± 1.57 per slit; p < 0.05). In

each layer of the primary visual cortex, the differences in c-Fos immunoreactivity were present, but not statistically



The Correlative Study between Acupoints and Corresponding Brain Cortices194

Fig. 5. The quantification of c-Fos expression
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consistent with our previous functional MRI experiment, which showed activation of the visual cortex by acupuncture

stimulation on Bl-67, suggesting that a specific acupoint may have a correlation with a specific cortical area of the

brain (Fig. 2, Cho et al., 1998). The present study additionally showed that acupuncture on the vision-related acupoint

Bl-67 induced c-Fos-positive cells while Bl-54 acupuncture stimulation had little effect. It suggests that Bl-67 may

specifically induce c-Fos positive cells in the primary visual cortex in the BD rat pups.

It has been reported that changes in immediate early gene mRNA levels including c-fos in the LGN of dark-

reared kittens are not induced by brief visual stimuli (Rosen et al., 1992). The absence of significant differences of c-

Fos expression between the LGN area of BD and Bl-67+BD groups suggests the possibility of difference in the

induction of c-Fos by acupuncture stimulation on the vision-related acupoint at the LGN and the primary visual cortex.

From the viewpoint of Western medicine, it is difficult to believe that certain acupoints are related to

corresponding organs or clinically effective for specific organ-related disorders via corresponding meridians. However,

there are studies that have demonstrated that acupuncture stimulation may affect the corresponding organs or the

related brain areas (Cho et al., 1998; Hui et al., 2000; Kim et al., 2001; Sato et al., 1992; Sato et al., 1993). Our present

experiment suggests another possibility of correlation between the acupuncture stimulation and related brain areas. In

conclusion, this study suggests acupuncture stimulation on Bl-67 may have a correlation with activation of the primary

visual cortex.
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至陰穴和相關大腦皮質之相關性

李惠貞

慶熙大學校‧東西醫學大學院

大韓民國‧水原

應用核磁供振（f-MRI）與免疫組織化學的方法，於人體及老鼠進行了中醫學慣用於眼病

關聯穴位和在西方醫學所說的大腦視皮質關聯部位之相關性研究。

f-MRI 研究結果顯示，針刺視覺關聯穴位—至陰穴可以促進大腦枕葉之活動；對照組以光

刺激（8Hz light flash）眼部也得到同樣之結果。

本研究清楚的顯示，二位自願被檢者對針刺與視覺刺激之間存在著密切的關聯性。為了

進一步的研究，用除去雙眼幼鼠作了 C-Fos expression 實驗。結果顯示，在除去雙眼老鼠之對

照組，大腦皮質之 C-Fos陽性細胞數顯著的減少，而在至陰穴（Bl-67）針刺組 C-Fos陽性細胞

數則顯著增加。同時，無關視覺穴位之針刺組無細胞數之變化。

本研究結果證實針刺至陰穴（Bl-67）可影響人與動物視覺皮質之活動。
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