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prejiou tudy with ﬁm}tional MRI dgmon trated that acupunctuge timulation on th
vi on-gelated acypoint, BI-67, activated the vi ual| cortgx of human brain. A a further tudy on th
effget of BI-67 acuguncture timulationgon the vi uall cortex, wg examined c-Fo expre iog in
bﬁ cularly deprived rat pup . Bi cularldepriv ion [ignificantly reduced the number of c-Fo -
po itive cell |in the pgmary vi ual cortex, C(ﬁmpared with that of normal control rat pup .
Intere tingly, acupuncturg | timulation on BI-67 re ulted in a ignificant increa e in the number of c-
Fo -po itive cell in the primary vi ual cortex wherea acupuncture timulation on other acupoint
le important for Vﬁual function had IlO% ignificant effect on c-Fo expre ion in the primary vi ual 7
cortex. The re ult ugge t the po ibilityof the vi ion-related acupoint having an influence over the
activity of the priﬁnary vi ual cortex. T

wn w

In oriental medicine, vi ion-reldted ac jnt have been believed to i)e eﬁ%ctive in treating eye-related di order
S
clinically (Hong, 1994; Stux and Pomeranz, 1988). The acup}iti BI-67, located on thi lateral ide of the little toe, i

kn writo be one ofqt e vi ion-related acupoint (Fig. 1, Cho et al., 1998; Hong, 1994; Stux ﬁd Pomeranz, 1998)10ur
RI tudy ha |hown imilar pattern of activation ignal in the vi|ual cortex of human brain,
zZ ight—?a h timulation on the eye (Fig. 2, Ch% % al., 1998). Thi

previou functional
either after acupuncture timulation on BI-67 or 8-
re ult ugge t apo ible cirrelatio between activation of the vi ual cortex and acupuncture timulation onqthe vi ion-
related acupoini However, there ha been no ba ic tudy to explain how the activatiorj ign? in the vi ual corﬁx i

obtained following acupuncture timulatio% on the vi ion—rﬂ:ted acupoint (BI-67). In thi tudy, therefore,
immunoreactivity for}—Fo proteii, known to mediate 716 rapid phy io]ogical event that occur in the vi ual cortex
during early po tnatal life (Beaver et al., 1993; Mower, 1994; Yamada et al., 1999), wa mea ured for the puipo e gf
inve tigating the Iffect of BI-67 acupurtture timulation on the vi ual cortex. WT

The neonatal vi ual cortex i highly pla tic, and it developmenti regulated by vi ual experience during early
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Fig. 1. The vision-related acupoints BI-67 and acupoints for comparison, Sp-1.

i Fig. Z.T‘he fMRI activation maps of the visual cor’ exSLesulting from visual stimulation of the
T ye and acupun&Ture stimulation at BI-67, and

po tnatal period (Caleo et al., 1999; Kamin ka et jll., 1996; Mower et al., 1983; Ro en et al.,71992). Even a brief

onacupointstimulation, respectively.

expa ure to vi ual jimuli during a period of dark-rearing re ult in dramatic induction of c-fos mRNA and/or ¢-Fo
protein in the vi ual|cortex, and thi T lead to the rapid development of the vi nal cortex (Beaver ef al., 1993; Mower,
1994; Ro en et al., 1992; Sato et al., 2000).| A an animal model for the complete excl} ion of light-related
phy iological event , rat pup with b1nocu%r deprivation before eye opening were employed in the| pre ent tudy.
Although relaqﬁ ely few te earche have |[focu ed|on the biological effect of manual acupuncture compared to
electroacupuncture (Hui ef al., 2000; Sato ef al., 1992; Sato et al., 1993), manual acupuncture i clinically more often

u ed than electroacupuncture. Recent tudie have al o reported that manual acupuncture ha the effect of modulation

of the limbic y tem and ubcortical gray tructure of the human brain (Hui et al., 2000) and proliferation of newly



7 ﬁ — |

7 j ﬂ ]
generated cell in the dentate gyru (Kim et al., 2001). In addition, to er ex ne whe her%r not acituncture
timulation on pecific acupoint i mire effective than that on non pecific ac p01 t not clo ely related with
corre ponding di order , we performed acupuncture timulation on Bl-54 a well in the bmocularly deprived rat pup
(Cho et al., 1998; Lee et al., 1993; Stux and Pomeranz, 1988). In ¢ ence thi tudy wa de igned to tudy the

correlation between manual acupuncture timulation on Bl-67 and the activation of the vi ual cortex.

NTATERIALS AND METHODS 1

Animal model 1 T 1 1 1 1 1

T The experimental procedure were carried out in accordance with the animal care guideline of NIH and the Korea%
Academy of Medical Science . 24 l boratory: b(;r Sprague-Dawley ratit)up were divided into three group : eight pup

of normal reanngl:rved aJ:ll\e contro1(€ontr 1), eight pup were binocularly deprived (BD), and eight pup were

ubjected to acupuncture ulation on Bl 671'c\1fter binocular deprivation (Bl-67+BD). Binocular dep\lvajﬂ)n wa

carefully carried out under ether ane the ia at po tnatal day 10 (P10), ju t prior to eye opening (Caleo et al., 1999; Sato et
al., 2000). Animal were hou ed in cage at controlled temperature (20 + 2 °C) with a 12:12 h light-dark cycle. Food and

water were made aviilable ad libitum. All anim}l were handled with care to prevent infection and minimize tre .

Acupuncture stimulatio%
Acupstnctujl ﬁtimulation on 117 wa performed for 15 min a djy from P14 to P30, during the critical

developmental period of the rat' vi ual cortex (Caleo et al., 1999). Relevant acupuncture timulation procedure were
applied in aciordance with previou tudie (Ji e? al., 1994; Kim et al., 27?01; Sato et air., 1992; Sato et al., 19%3).

Sterilized tainle  teel acﬁuncturi needle of 0.1 mm diameter were in erted intithe loci of BI-67 on both feet,

located at the laﬂral
acupuncture timulati

the Control and BD group were imilarly kept in holder without acupuncture timulation in order to rule out

jyroxi al corner 3f the 5th toe, right next to the nail (Stux and Pomeranz, 1988). During the

n, animal were kept in pla tic holder with their tail and hind leg protruding out. Animal in

variation due toTtre cau ¢d by the re traint. 1 ﬂ 1 1
c-Fos immunohistjchemistry T 1
On P30, rat were ane thetized with pentob rblt (50 rng/kg, ip)toa t te of complete lack of re p]n e,
erfu ed through the aorta Wlth pho ph -buffered ahne (PBS), followed by fre hly

and then rapidly
prepared 4 % paraformaldehyde in 0.1 M pho phate buffer. Brain ere then removed, po t-fixed with the ame
fixative for 2 day , and then tran ferred into 30 % ucro e in 0.05 M PBS under torage at 4 °C until ectioning.

Section were cut coronally in 30 um through the area of intere t on a freezing microtome (Leica, Nufloch,
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Germany). The ection were incubated in rabbit anti-c-Fo antibody (Santa Cruz Biotechnology Inc, anl CJ
at a dilution of 1:1000 for 24 h at 41°C After wa stng in PBS, they were incubated with the econdiy antibody
urlingame, CA) for| 1 h at room tempe]r e

Etre 7The tion were
e, wa hed in PBS and
then incubated for 5 min in 0.1 M Tri -HCl-buffered aline (pH 7.5) containing 0.02 % diaminobenzidine olution and
0.003 % hy?lr gen peroxide. The sec‘tign were mou?xted on 0.5 % gelatiﬂ olution ca)ated glﬂ lide . 1 T

[

Analy i of iﬂrat brain area wa carried uiu ing the ralrain atla ofSPaxino and Wj on (P'jgino and Wat on,
1997). The boundaric of t}e cytoarchitecture o the rat prlma? vi ual cortex were determined according to the
( eljf and Jura ka, 1991; Zille et al. SL984). The ection were electjd from the

comparable region in jlateral geniculate nucleu (LGN) and the pn:i vi ual cortex, td photogi hed each at x100
(LGN) andjx40 (plj‘v vi ual cortﬂ) For the anily i of c-Fo immunoreactivity in the primary vi ual cortex, the
method b (2000) wa u ed. To explain the method briefly, a hee.jof pap}r having a rectangular lit (1.98 cm

vwdeland cm lon; ) Wiplaci in the middle of the photormcrogr;ph , with the longer ide of the 11‘[ perpendicular to
t all

(biotinylated anti-rabbit IgG, Vectcr L b(aratone Inc

reacted with ABC reagent (Vector Laboratorie Inc, Burlingame, CA) for 1 h at room temper:

AnalyTis ofc-Fos 1mmunoreactivity1

previou ly de cribed metho

ato ef a

the cortical urface, o c-Fo -po itive cell from the pia to the white matter of the prim: 1 ual cortical area

in a hemi phere can be een at a time. The width of 1.92 cm in photograph corre ponded to 400 um. The number of

c-Fo -po itive cell per Tli?%wa manually counted by experimenteﬂ un%ware of ?e animal gro?p a ignment. T
Sta}istical analysis

The data were a e ed by one-way ANOVA with Tukey’ po t hoc te t. Difference between group were

con idered ignificant for p <0.05.

RESULTS 7 ﬂ

T

T Binocular depri\jfxtion re ulted in a clear|down regulation of c-Fo expre ion in the LGN, compared with that of

c-gos immunoreactivity in the L}f‘.

the Control group (Fig. 3 and 5, mean + .e.m., 31.04 £ 1.05 v . 18.79 £ 2.23; p < 0.001). In the BI-67+BD group, c-
Fo immunoreactivity in the LGN howed a imilar pattern compared with that of the BD group (Fig. 3 and 5, mean £

.em., 18.79+£2.23 v .24.85+1.63; p=0.079). 7 1 T 1 1

c-Fos immunoreactivity in the primary visual cortex

In the primary vi ual cortex, the number of c-Fo -po itive cell per litin the BD group wa ignificantly maller
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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), BI-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.
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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). Atupuncture stimulationSon Bl-67 clearly incréased the

% number of chos-positive cells compgred with that of BD rat pupg (B, C). Scale bar represegts 125.
BD, binocular deprivation. 7

than that in the Control group (Fig. 4 and 5, mean + |e.m., 62.52 + 4.56 v|. 31.31 jl.27 per | lit; p < 0.001).
Intere tingly, acupuncture tiilulation on BIl-67 re ulte(ﬁi a iggiﬁcant increa e in the numbgr of c-Fo -po itive cell

in the primary vi ual cortex but not in the LGN. The BIl-67+BD group howed higher c-Fo expre ion in the primary
vi ual cortex than the BD group (Fig. 4 and 5, mean + .e.m., 31.31 £ 1.27 v . 37.05 £ 1.57 per lit; p <0.05). In

each layer of the primary vi ual cortex, the difference in c-Fo immunoreactivity were pre ent, but not tati tically
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Fig. 5. The quantification of c-Fos expression
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con i tent with our evitu functional experiment, Whicjv howed activation of the vi uil cortqi by acupuncture

Ttimulation on BI-67, ugge|ting that'a pecific acupoit may have a correlation with a pecific cortical area of the
brain (Fig.2, Cho et al., 1998). The p i ent tudy additionally howed that acui;mc re on the vi ion-related acupoint
BI-67 ind cgh c-Fo -po itive cell while BI—T acupuncture timulation had little effect. %t ugge t that BI-67 may
pecifically induce c-Fo po itive cell in the primary vi ual cortex in th %D rat{pup . 1

It ha | been }eported that change in immediate early gene mRNA |level | including c-fos in the LGIJ of dark-
reared kitten are not induced by brief vi ual timuli (Ro en et al., 1992). The ab ence of igniﬁcantiliffer nce of c-
Fo expre ion between the LGN area of BDsLand BI-67+BD group | ugge t the po ibility of difference in the
inductior:jf c-Fo by acupuncture 1imulation on the vi ion-re¢lated acupoint at the LGN and the primary vi uaﬂ cortex.

From the viewpoint of We tern medicine, it i difficult to believe that certain acupoint are related to
corre ponding or; or clinically effective for pecific organ-related di order via corre ponding meridian . Howeyer,
there are di? t have % n trated that acupuncture timulation may affiect the corre ponding organ or the
reitted rain ar¢a (Cho et al}, 1998; Hui ef al., 2000; Kim et al., 2001; Sato et al., 1992; Sato et al., 1993). Our pre ent
experiment ugge t another po ibility of correlation between the acupuncture timulation and related brain area . In

conclu ion, thi tudy ugge t acupuncture timulation on BI-67 may have a correlation with activation of the primary
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