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研 究報告

本年度、日中医学協力事業助成を受けることができ大変に感謝しております。本助

成を有効に使用し、昭和大学医学部第一生理学教室において、次のような多くの研究成

果をあげることができました。
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KazuhitoAs出10紅1dTadashi Hisamitsu: Enhancement of Splenic Interferon寸，

Inter1eukin-2但1dNK Cytotoxicity by S36 Acupoint Acupuncture in F344 Rats， 

Jpn. J. Physiol. Vo147(2)， in press (1997) 

別刷ができ上がり次第提出。

2、T.Sato， Y.エ斗， Sヱ Guo，T. Kasahara and T. Hisamitsu: Acupuncture 

Stimulation Enhanced the Splenic Natura1 Killer Cell Cytotoxicity in Rats， Jpn. J. 

Physiol. Vo1.46(2)， 131-136 (1996). 
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によるマウス生体防御能の増強:Biologica1 Response Modifierとの協力作用の観察，

日本生体磁気学会会誌， Vo1.9， No.1， 82-83， May1996 
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究会誌Vo123: 3-9，1996 
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Stimulation in Rats. J pn J Physio146 ( Suppl ) s222， 845， 1996 
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回 日本ストレス学会学術総会抄録集)Vol. 11， No.2， 86， 1996 

3、T.Hisamitsu， Yi旦呈エ旦，T.訟法oKasahara， Takao Sato， Shi-Yu Guo， Yan-Qing 

Liu and Kazuhito Asano: Roles of Inter1eukin-2 and Interferon-y on the Enhance 
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研究テーマ: Enhancement of Splenic Interferon叩 Interleukin-2and NK 

Cytotoxicity by S36 Acupoint Acupuncture in F344 Rats 

研究内容:

Introduction 

Acupuncture is well known as one of the Chinese住aditionalmedical位'eatmentsand it is 

used for health maintenance throughout the world. In recent ye訂 s，it has been reported由at

acupuncture st凶ulationapplied to a specific location of the human body， such as由eTsus出ui

acupunc同repoint (S36 acupoint)， favorably modulates the immune function of HBsAg carrier佃 d

decreases the HBsAg positive rates. Combined acupuncture佃 dmoxibustion on supplement紅y

acupo泊tsinhibits the development of cancer cells and results泊 aprolonged survival of cancer 

patIents. 

There is組 establishedconcept白atNK cells紅'eimportant as the first line of host defense 

佃 das one of the final effector cells ag泊nstcertain tumors， viruses and infections. Several 

cytokines have been shown ωaffect NK cell proliferation or cytol戸icactivity. Of these， ll--2 and 

IFN-'γhave been血emost extensively studied. They have been provedωaugment白ecytolytic 

activity of NK cells to attach to加morcells and viruses and kill these organisms. These reports 

may suggest由atacupunc加reenhances NK cell activities and results in favorable modification of 

the clinical conditions in血epatients described above. 

O町 previousreport and unpublished data revealed血atsuccessive acupunc加retrea阻lent

applied to S36 acupoint (but not to the abdominal muscle) for three days enhanced splenic NK 

cytotoxicity， which peaked (pく0.01)on the first day after final回 a回lentand gradually declined 

thereafter in Wistar rats. However， the mechanism of acupunct町 eon NK cell activities is 

unknown.百lepresent study was designed to examine the possible mechanism of acupunc佃reon

NK cell activities in an inbred s住ainofF344 rats. 

Materials and Methods 

Experimental design: 

Elec佐o-acupunc加res出n叫ationwas carried out between 3:00 P.M.組 d5:00 P.M. for血r民

days. Non-acupunctured control rats were res住ainedin acrylic rec阻ngularboxes with no special 

treatment. α1 the first day after the fmal treatment， rats were anesthetized by intraperitoneal 

i吋ectionwith 50 mglkg pentobarbital sodium.百lespleens were removed aseptically， divided into 

two portions and weighed.αle portion was used to me部 uresplenic NK cytotoxicity and血e

remainder was dissolved， weighed， immersed in 500μ1 cold RPMI 1640 medium， and 

homogenized by glass tissue homogenizer泊 anice cold water bath. The homogenates were then 

centrifuged at 8000xG for 1h at 40C and血esupematants were collected， sterilized by passing 

through a 0.22μm filter and stored at -80oC until used for cytokine assay 

Acupuncture on S36 acupoint and abdominal muscle in lnbred F344 rats 

Electro-acupuncture stirnulation was applied to S36 acupoint and abdominal muscle. 



Briefly， two sterilized acupunc佃reneedles were inserted perpendicularly about 5 mm into由e

anterior tibial muscle at由.eS36 point and the extemal oblique abdominal muscle. Elec凶cal

stimulation pulse with voltage ranging from 1 to 5V， duration of 1 msec and frequency of 1 Hz 

delivered from an acupunc佃restimulator， w出 appliedby two outlets through出etwo needles. The 

m旬nsityof electrica1 stimulation was determined to be the minimum vol阻geto cause moderate 

muscle contraction. Electro-acupuncture st凶 ulationof S36 acupoint w邸 appliedto血eleft S36 

acupoint for lh， followed by one lh stimulation to the right in血esame rat. Elec住'O-acupuncture

stimulation of abdominal muscle was applied bilatera11y for 2h. The stimulation protl∞01 was 

repeated each day for由reeconsecutive days to rats under res凶ctionin acrylic rectangular boxes. 

NK cytotoxicity assay 

Splenic NK cytotoxicity was measured in a standard 4・h51Crrelease assay-

Cytokine assays 

IL-2 assay: IL-2 in ex住actswas ana1yzed according to出eability to support血egrow血 of

IL-2 dependent T-∞11line (CTLL-2回目line). 

IFN-y出 say:IFN-y担 extractswere measured by the Mouse IFN -y ELISA Test Kit 

(Genzyme). 

Results 

Theそ酔ct01 acupuncture applied to the S36 acupoint on splenic NK cytotoxicity 

百lepresent experiments were designed to ex紅ninesplenic NK cytoto剖cityaffected by 

acupunc加reapplied to出eS36 acupoint血F344rats. NK cells were prepared仕omrats on血.efrrst 

day after final仕'eatment佃 dcultured with阻rgetcells at E:T ratios of 100: 1， 50: 1， 25: 1組 d12.5:1. 

The experiments were repeated five times with similar results. The da胞 expressed血 Fig.l

represents血emean :t S.E.M. of combined LU da阻 froma11 rats.百lesplenic NK cytotoxicity of 
7 

血eS36 acupoint acupunctured group (17.7:t0.5LU/10' e百ectorce11s) was significantly higher 

(pく0.001)出組曲atof the abdominal muscle acupunctured group (13.4:t0.9LU/I0
7 
effector cells) 

7 
and由enon-acupunctured control group (13.7:tO.6LU/10' effector cells). In contrast，血erewas no 

difference between abdominal muscle acupunc加redgroup and non-acupunc佃redcon住'01group. 

The々 加ct01 acupunctureα'Ppliedωthe S36 acupoint on IL-2 and IFN-y levels 01 splenic 

aqueous extracts 

Since T回 11cytokines IL-2 and IFN-y紅'egenera11y believed to be responsible for 

enhancement of NK cytotoxicity， These experiments were carried out to examine whether or not 

acupunc加reon S36 acupoint enhances T∞11 cytokine productions and result in釦 increasein NK 

cytotoxicity. To do this， ex住actswere prep紅 ed企omacupunc加redand control F344 rats on血e

frrst day after the白la1仕切出lentand endogenous cytokine activities were examined. As shown泊

Table 1，由eIL-2 level in the ex住actsof S36 acupoint acupunc加red則 s(31.5:t2.3 U/g) was 

significantly higher血組出atof abdominal muscle acupunctured rats (18.5:t3.3 U/g， Pく0.001)and 

non-acupunctured con住01rats (21.3:t1.1 U/g， Pく0.001).The level of IFN四 γinS36 acupoint 

acupunctured rats (617 ::!::39 pgl g) a1so showed a significantly higher level血m 血atof abdomina1 



muscle acupunctured rats (46O:t37 pg/g， Pく0.01)加 dnon-acupunctured con位01rats (419士19pglg， 

Pく0.001).However， there was no difference between abdominal muscle acupunctured組 d

non-acupunc加redcontrol rats. 

To deterr凶newhether the increase血 sp1e凶cNK cytotox.icity after acupuncture仕'eatment

of S36 acupo担twas related to the increase in the 1eve1s of IL-2組 dIFN -"{， the sp1enic NK 

cytotox.icity was p10tted against血，eIL-2 and IFN-"{ production for individual rat. As shown in 

Fig. 2， the shift企omsplenic NK cytotox.icity correlated not only with the shift of血eIL-21eve1 

(simple 1泊e紅 regression，r=0.62， pく0.01)，but also with the increase in IFN-"{production (simp1e 

linear regression， r=0.49 p<0.01). In addition， as shown in Fig.3， the increase in IFN-"{ 

production was accomp紅白dby an increase in出eIL-2 level (simp1e linear regression， r=0.53， 

pく0.01).

Discussion 

Traditional Chinese acupunc佃re，especial1y on S36 acupoint， is used as one type of 

supplementary therapy for the仕切伽lentof acute and chronic diseases such as viral infectious 

disease and cancer in China. Several mechanisms have been proposed to exp1国nthe therapeutic 

effect of acupunc加re.These include 1) regu1ation of由eend∞rine contro1 system in the body 

(hormone regulation); 2) regulation of nervous contro1 system (neurotransmitter regu1ation) and 3) 

increase担 functionof the immune system. However， the mechanism(s) by which acupuncture 

favorab1y modi布theclinical conditions of these dise邸 esis not well known. 百lepresent results 

clear1y showed血atelectro-acupunc加restimulation on bilateral S36 acupo泊tonce a day (1h) for 

three days significant1y increased splenic NK cytotox.icityぉ comp紅'edto血atof abdominal muscle 

stimulated and non四 stimu1atedcontro1 rats (Fig.1). It is also showed血atacupunc加reof血eS36 

acupo泊tenhanced the 1eve1s of IL・2組 dIFN-"{ in the sp1een (Tab1e1).百lere紅'esignificantly 

positive corre1ations between the 1evels of cytokines and their splenic NK cytotox.icity (Fig.2，3). 

E・2 is primari1y re1eased by activated he1per T cells and acts as出ecentral ro1e in the 

regulation of NK cell activities. IFN-"{ is re1eased not only by he1per T cells but also by IL-2 

activated NK cells and serves as one of the important factors in血eup-regu1ation of NK activities. 

Together with these reports and the present resu1ts， it is a possible血ate曲ancementof NK 

cytoto泊cityby acupuncture on S36 acupoint is owing to， in p訂t，the increase in both IL-2 and 

IFN -"{ production. 

百leconclusions from出isstudy c佃 berestated as follows: 1) acupunc加reon S36 acupoint 

increases sp1enic NK cyωtoxicity. 2) At leぉt，as one of the mechanism(s)， IL-2 and IFN-"{ play 

important roles in the regulation of immune functions especially sp1enic NK cytotox.icity in S36 

acupointacupunctured祖 国als.

研究成果の発表

得られた研究成果は第74回日本生理学会大会(3月25-27日、浜松)にて発表予定である。

また、 5月発行のJapaneseJoumal of Physiology (Vo1.47， No.2)に掲載予定で、ある。



Table 1. Effect of Acupuncture on the IL-2 and IFN-γ 
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