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Bf%t7 —<~: Enhancement of Splenic Interferon-y, Interleukin-2 and NK
Cytotoxicity by S36 Acupoint Acupuncture in F344 Rats

Introduction

Acupuncture is well known as one of the Chinese traditional medical treatments and it is
used for health maintenance throughout the world. In recent years, it has been reported that
acupuncture stimulation applied to a specific location of the human body, such as the Tsusanli
acupuncture point (S36 acupoint), favorably modulates the immune function of HBsAg carrier and
decreases the HBsAg positive rates. Combined acupuncture and moxibustion on supplementary
acupoints inhibits the development of cancer cells and results in a prolonged survival of cancer
patients.

There is an established concept that NK cells are important as the first line of host defense
and as one of the final effector cells against certain tumors, viruses and infections. Several
cytokines have been shown to affect NK cell proliferation or cytolytic activity. Of these, IL-2 and
IFN-y have been the most extensively studied. They have been proved to augment the cytolytic
activity of NK cells to attach to tumor cells and viruses and kill these organisms. These reports
may suggest that acupuncture enhances NK cell activities and results in favorable modification of
the clinical conditions in the patients described above. |

Our previous report and unpublished data revealed that successive acupuncture treatment
applied to S36 acupoint (but not to the abdominal muscle) for three days enhanced splenic NK
cytotoxicity, which peaked (p<0.01) on the first day after final treatment and gradually declined
thereafter in Wistar rats. However, the mechanism of acupuncture on NK cell activities is
unknown. The present study was designed to examine the possible mechanism of acupuncture on
NK cell activities in an inbred strain of F344 rats.

Materials and Methods
Experimental design:

Electro-acupuncture stimulation was carried out between 3:00 P.M. and 5:00 P.M. for three
days. Non-acupunctured control rats were restrained in acrylic rectangular boxes with no special
treatment. On the first day after the final treatment, rats were anesthetized by intraperitoneal
injection with 50 mg/kg pentobarbital sodium. The spleens were removed aseptically, divided into
two portions and weighed. One portion was used to measure splenic NK cytotoxicity and the
remainder was dissolved, weighed, immersed in 500 pul cold RPMI 1640 medium, and
homogenized by glass tissue homogenizer in an ice cold water bath. The homogenates were then
centrifuged at 8000xG for 1h at 4°C and the supernatants were collected, sterilized by passing
through a 0.22 pm filter and stored at -80°C until used for cytokine assay

Acupuncture on S36 acupoint and abdominal muscle in Inbred F344 rats
Electro-acupuncture stimulation was applied to S36 acupoint and abdominal muscle.



Briefly, two sterilized acupuncture needles were inserted perpendicularly about 5 mm into the
anterior tibial muscle at the S36 point and the external oblique abdominal muscle. Electrical
stimulation pulse with voltage ranging from 1 to 5V, duration of 1 msec and frequency of 1 Hz
delivered from an acupuncture stimulator, was applied by two outlets through the two needles. The
intensity of electrical stimulation was determined to be the minimum voltage to cause moderate
muscle contraction. Electro-acupuncture stimulation of S36 acupoint was applied to the left S36
acupoint for 1h, followed by one 1h stimulation to the right in the same rat. Electro-acupuncture
stimulation of abdominal muscle was applied bilaterally for 2h. The stimulation protocol was
repeated each day for three consecutive days to rats under restriction in acrylic rectangular boxes.
NK cytotoxicity assay
Splenic NK cytotoxicity was measured in a standard 4-h *1Cr release assay.
Cytokine assays
IL-2 assay: IL-2 in extracts was analyzed according to the ability to support the growth of
IL-2 deperident T-cell line (CTLL-2 cell line).
IFN-y assay: IFN-y in extracts were measured by the Mouse IFN-y ELISA Test Kit
(Genzyme).
Results

The effect of acupuncture applied to the S36 acupoint on splenic NK cytotoxicity
The present experiments were designed to examine splenic NK cytotoxicity affected by
acupuncture applied to the S36 acupoint in F344 rats. NK cells were prepared from rats on the first
day after final treatment and cultured with target cells at E:T ratios of 100:1, 50:1, 25:1 and 12.5:1.
The experiments were repeated five times with similar results. The data expressed in Fig.1
represents the mean + S.E.M. of combined LU data from all rats. The splenic NK cytotoxicity of
the S36 acupoint acupunctured group (17 7+0.5LU/10’ effector cells) was significantly higher
(p<0.001) than that of the abdominal muscle acupunctured group (13.4+0.9LU/ 10" effector cells)
and the non-acupunctured control group (13.7i0.6LU/107 effector cells). In contrast, there was no
difference between abdominal muscle acupunctured group and non-acupunctured control group.
The effect of acupuncture applied to the S36 acupoint on IL-2 and IFN-y levels of splenic
aqueous extracts
Since T cell cytokines IL-2 and IFN-y are generally believed to be responsible for
enhancement of NK cytotoxicity, These experiments were carried out to examine whether or not
acupuncture on S36 acupoint enhances T cell cytokine productions and result in an increase in NK
cytotoxicity. To do this, extracts were prepared from acupunctured and control F344 rats on the
first day after the final treatment and endogenous cytokine activities were examined . As shown in
Table 1, the IL-2 level in the extracts of S36 acupoint acupunciured rats (31.5%2.3 U/g) was
significantly higher than that of abdominal muscle acupunctured rats (18.5+3.3 U/g, p<0.001) and
non-acupunctured control rats (21.3+1.1 U/g, p<0.001). The level of IFN-y in S36 acupoint
acupunctured rats (617139 pg/g) also showed a significantly higher level than that of abdominal



muscle acupunctured rats (460+37 pg/g, p<0.01) and non-acupunctured control rats (419119 pg/g,
p<0.001). However, there was no difference between abdominal muscle acupunctured and
non-acupunctured control rats.

To determine whether the increase in splenic NK cytotoxicity after acupuncture treatment
of S36 acupoint was related to the increase in the levels of IL-2 and IFN-y, the splenic NK
cytotoxicity was plotted against the IL-2 and IFN-y production for individual rat. As shown in
Fig. 2, the shift from splenic NK cytotoxicity correlated not only with the shift of the ILL-2 level
(simple linear regression, r=0.62, p<0.01), but also with the increase in IFN-y production (simple
linear regression, r=0.49 p<0.01). In addition, as shown in Fig.3, the increase in IFN-y
production was accompariied by an increase in the IL-2 level (simple linear regression, r=0.53,
p<0.01).

Discussion

Traditional Chinese acupuncture, especially on S36 acupoint, is used as one type of
supplementary therapy for the treatment of acute and chronic diseases such as viral infectious
disease and cancer in China. Several mechanisms have been proposed to explain the therapeutic
effect of acupuncture. These include 1) regulation of the endocrine control system in the body
(hormone regulation); 2) regulation of nervous control system (neurotransmitter regulation) and 3)
increase in function of the immune system. However, the mechanism(s) by which acupuncture
favorably modify the clinical conditions of these diseases is not well known. The present results
clearly showed that electro-acupuncture stimulation on bilateral S36 acupoint once a day (1h) for
three days significantly increased splenic NK cytotoxicity as compared to that of abdominal muscle
stimulated and non-stimulated control rats (Fig.1). It is also showed that acupuncture of the S36
acupoint enhanced the levels of IL-2 and IFN-y in the spleen (Tablel). There are significantly
positive correlations between the levels of cytokines and their splenic NK cytotoxicity (Fig.2,3).

IL-2 is primarily released by activated helper T cells and acts as the central role in the
regulation of NK cell activities. IFN-y is released not only by helper T cells but also by IL-2
activated NK cells and serves as one of the important factors in the up-regulation of NK activities.
Together with these reports and the present results, it is a possible that enhancement of NK
cytotoxicity by acupuncture on S36 acupoint is owing to, in part, the increase in both IL-2 and
IFN-y production.

The conclusions from this study can be restated as follows: 1) acupuncture on S36 acupoint
increases splenic NK cytotoxicity. 2) At least, as one of the mechanism(s), IL-2 and IFN-y play
important roles in the regulation of immune functions especially splenic NK cytotoxicity in S36
acupoint acupunctured animals. ’

MERREDFER :
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Table 1. Effect of Acupuncture on the IL-2 and IFN-y
Levels of Splenic Aqueous Extracts in F344 Rats

Group IL2 (Ul FNpe)
. 315423 618+39
S36 acupoint Acupunctured (1=13) (ne13)
Abdominal Muscle Acupunctured 185 £3.34 460+ 37+*
(n=6) (n=6)
Non-acupunctured Control 213 1. 1%%* 419 £ 194>+

(n=14) (n=14)

Figure. 1. Effect of acupunctureon splenic NK cytotoxicity in F344 rats
Results are presented as the mean +S.EM. of LU, where 1LU presents the
number of effector cells per 107 mediating 50% target cells lysis. S36 acupoint
acupunctured group displayed a significantly higher NK cytotoxicity compared
to the abdominal muscle acupunctured group and non-acupunctured control
group.  One-way ANOVA followed by Fisher's PLSD test revealed that
F(2,37)=16.02, p<0.0001. ***, p<0.001 for S36 acupoint acupunctured group
vs. abdominal muscle acupunctured group and non-acupunctured control group.
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Figure.2. Correlation of the splenic NK cytotoxicity with two cytokine
levelsin individual $36 acupoint acupunctured (@; n=13), abdominal
muscle acupunctured (O; n=6) and non-acupunctured control (A; n=14)
rats At the splenic NK cytotoxicity plotted against the IL-2 level (r=0.62,
p=0.001 by simple linear regression aﬂalysis). B: the splenic NK cytotoxicity
plotted against the IFN-y production (r=0.49, p=0.004 by linear regression
analysis).

Extracts of spleen were taken from acupunctured and control rats. The
levels of IL-2 and IFN-yin these extracts were detected. Data presented
here are mean £ S.E. M. of three of four different experiments which gave
reproductive results. One-way ANOVA followed by Fisher's PLSD test
revealed significant effect of acupuncture of S36 acupoint on IL-2 level

( Fz,30=10.6, p<0.001) as well as IFN-ylevel (Fp30~12.2, p<0.001).

** p<001 for S36 acupoint acupunctured group vs. abdominal muscle
acupunctured group. *** p<0.001 for S36 acupoint acupunctured group vs.
abdominal muscle acupunctured group and non-acupunctured control group.

®  S36 acupoint acupunctured (n=13)
O  Abdominal muscle acupunctured (n=6)
A  Non-acupunctured control (n=14)

IFN-y ( pg/g)

1L-2 (Ulg)

Figure. 3. Correlation of the production of IFN-yand IL-2 levelin the
extracts of individual acupunctured and control rats. Results presented
are the production of IFN-yplotted against IL-2 level (r=0.53, p=0.002 by

simply linear regression analysis).



