Applied Mechanics and Materials Vols. 52-54 (2011) pp 297-302

Biological Effects of Far-Infrared-Ray Hot Compression on Superoxide
Anions in Human

Chun-Chih Lin"?, Ying-Yeh Hsieh?®, Wei-Chung Liu*°, Moon-Sing Lee*?,
Chia-Chi Lung®®

' Department of Natural Biotechnology/Graduate Institute of Natural Healing Sciences, Nanhua

University, No. 55, Nanhua Rd., Dalin Township, Chiayi County 622, Taiwan

2 Department of Radiation Oncology, Cardinal Tien Hospital, No. 362, Chung Cheng Rd., Hsintien,
Taipei County 23137, Taiwan
® Department of Radiological Technology, Tzu Chi College of Technology, No. 880, Sec.2,
Chien-kuo Rd. Hualien City 970, Taiwan
* Department of Radiation Oncology, Buddhist Dalin Tzu Chi General Hospital, No. 2, Minsheng
Rd., Dalin Township, Chiayi County 622, Taiwan
® Department of Public Health, Chung-Shan Medical University, Taichung, 402 Taiwan

2 benjasado@gmail.com, "a810052@yahoo.com.tw, ° liuw@tcen.edu.tw,
4 rt@url.com.tw, °dinoljc@csmu.edu.tw

Corresponding author:
Chia-Chi Lung
Department of Public Health, Chung-Shan Medical University, Taichung, 402 Taiwan
E-mail: dinoljc@csmu.edu.tw
TEL: +886-9-32202510

Keywords: far-infrared-ray, heat effect, heat transfer, hot compression, superoxide anions
Abstract

Among the infrared spectrum, the range of 4-14 1 m belonging to far-infrared (FIR) spectrum
is named as “growth rays” due to many beneficial effects represented on organisms. Recently, many
biomedical materials have been provided and manufactured based on the growth rays for health care
as well as complimentary and alternative therapies. In this study, we probed the effect of FIR hot
compress on antioxidation ability in human by determining the concentration of superoxide anions
in blood. The results revealed that the level of superoxide anions in sympathetic, parasympathetic,
and sympathetic plus parasympathetic group was decreased, rather than control group. This
suggested that FIR exposure can significantly eliminate superoxide anions and provide protective

effect against oxidative damage in human.
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Introduction

Heat is a physical repression of infrared radiation released from molecular motion including
vibration and rotation when a molecule relaxes from a higher quantum level. In Chinese medicine,
heat was used to cure diseases by means of moxibustion for thousands of years. Heat transfer in
organisms is difficult to estimate ascribed to difficulty in temperature measurement inside the
organisms of body as well as the complexity resulting from the coexistence of heat radiation,
conduction and convection (due to body fluid circulation); however, heat emitting from matter
(including organisms and human body) expresses in a form of infrared radiation with different
wavelengths. Among the infrared spectrum, the range of 4-14 1 m belonging to FIR spectrum is
named as “growth rays” [1] due to many beneficial effects represented on organisms [2-4]. Recently,
many biomedical materials have been provided and manufactured based on the growth rays for
health care as well as complimentary and alternative therapies [5-9]. The heat and the radiation
transferred from the so called FIR materials exhibit several biological effects including blood
circulation promotion, growth facilitation [2, 10], tissue regeneration [11-12], tumor suppression
[13-14] and anti-depression [15-17]. In our previous study [18], hot compress with FIR materials
was found able to increase the concentration of superoxide dismutase (SOD), which is responsible
for the elimination of superoxide radicals involving many chronic diseases (e.g., hyper pressure,
Parkinson's disease [19], arterial disease [20], Hepatitis [21-22] and others [22-23]) in human body.
Furthermore, In Inoue and Kabaya’s research, sleep modulatory effect was observed under FIR
irradiation in rat experiment [2]. In this study, we probed the effect of FIR hot compress on

antioxidation ability in human by determining the concentration of superoxide anions in blood.

Materials and Methods
Study Population and Testing Environment

The study subjects (46 students) were randomly selected from a university located in Chia-Yi
County of Taiwan, whose ages ranged from 18 to 30 years. None of the subjects had a family
history of heart or chronic disease. Recruitment of subjects was conducted from September 1, 2007,
to December 31, 2008. In this study, these volunteers were grouped into the control (no FIR
treatment), the sympathetic group (exposed to FIR on thoracic lumbar vertebra), the
parasympathetic group (exposed to FIR on brain system and sacrum), as well as sympathetic plus
parasympathetic group (exposed to FIR brain system, thoracic lumbar vertebra, and sacrum).
Demographic variables were gender and age as listed in Table 1. These subjects were randomly
divided into four experimental groups by stratified and simple sampling. Before performing the
testing, no drug or coffee-containing food was taken. The testing environment was quiet,
comfortable, and well controlled at temperature of 20-25°C and humidity of 40-60%. When
performing the testing, only one subject was evaluated at a time. This study was reviewed and
approved by the institutional review board of Dalin Tzu Chi General Hospital in Taiwan (i.e.,
approved informed consent was obtained). Written informed consents returned from all of the

subjects were also obtained.
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Equipments for Generating Far-Infrared Radiation
The FIR equipment obtained from Solano Semiconductor Technology, LTD. (R.O.C.) was

structured as a compress pad (with a dimension of 40 cmx28 cmx3 cm) and embedded with FIR

emitting materials (FIR emissivity=0.85) at whole compress surface.

Blood Preparation and Analysis for Superoxide Anions
With the availability of an ultraweak chemiluminescence analyzer, it is possible to monitor the

production of superoxide anions. Peripheral blood was collected from each individual before and
after FIR heat compress and the superoxide anions were determined within 24 hours. Briefly, an
aliquot of 0.5 mL blood sample was placed on a glass tube, mixed, and analyzed under an air
atmosphere at 37°C for 10 min. All the procedures for determining superoxide anions were
performed in the dark. The chemiluminescence intensity was expressed in terms of average counts

per minute and corrected for background.

Experimental Procedures
After agreeing to participate and being informed, subject was arranged to test. In order to

evaluate the effects of FIR on superoxide anions, an ultraweak chemiluminescence analyzer
(BJL-1-IC; Jye Horn Co., Taiwan) was used to measure the chemiluminescence intensity of blood
samples before and after FIR exposure. Before test, an aliquot of 2-3 mL peripheral blood collected
from the subject was measured to determine the concentration of superoxide anions in total blood.
After a stabilization period of 5-10 minutes, the exposure of FIR was performed for 40 minutes. At
the termination of test, another 2-3 mL of blood from the subject was conducted to evaluate the
variation of superoxide anions. Therefore, except for FIR exposure, the procedure of control group

was identical to other groups.

Statistical Analysis

The distributions of characteristics among the testing groups were expressed as percentages for
categorical variables and means for continuous variables. The association of categorical data was
estimated by chi-square test. The paired t test was used to analyze the difference of concentration of
superoxide anions among the groups. The results of each group were compared by a repeated
measurement analysis of variances statistic method followed by the Scheffe test for post hoc
analysis of significance. A P value <0.05 was considered statistically significant. SPSS version

12.0 was used for statistical analysis in this research.

Results and Discussion

We analyzed the distribution of demographic characteristics among testing groups. No
significant difference was shown in these groups (Table 1). It was previously showed that
superoxide anions were influenced by age [25]. To avoid the effect of age, the subjects over 30

years old were excluded from the participation.
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Tablel
Demographic characteristics of the study population (N=46)
Variable Group No (%) P-value
Control Sp PSP SP plus PSP
11 (24) 11 (24) 12 (26) 12 (26)
Sex 0.934°
Male 6 (27) 5(23) 6(27) 5(23)
Female 5(21) 6 (25) 6 (25) 7 (29)
Age (yr) 207424 209120  21.7+1.8 20.412.1 0.514°

Note: SP, sympathetic; PS, parasympathetic; SP plus PSP, sympathetic plus parasympathetic.
* one-way ANOVA.

® chi-squared test.

As listed in Table 2, the superoxide anions in control (without FIR exposure) were significantly
increased after 10 minutes, however, those in sympathetic, parasympathetic, and sympathetic plus
parasympathetic group (with FIR exposure at different region) were apparently decreased. The
difference of superoxide anions before and after FIR exposure for each group reached its statistical
significance (p < 0.05). In addition, to evaluate the significance of decreased level among these
groups, the decrease percentage of superoxide anion level for the FIR-exposure groups was
statistically significant as compared to control group (Fig. 1). These results in this study
demonstrate that the treatment of FIR can effectively decrease the generation of superoxide anions.

Table 2
Comparison of superoxide anions before and after FIR exposure in each group
Group Difference (after minus before) P-value®
MeantSD (%)
Control 18.7120.0 0.014
SP -17.2120.8 0.028
PSP -15.2126.2 0.079
SP plus PSP -17.3%15.1 0.007

Note: SP, sympathetic; PS, parasympathetic; SP plus PSP, sympathetic plus parasympathetic.
? pair t test

To the best knowledge, this is the first report indicating that FIR treatment can effectively
decrease the generation of superoxide anions. In organisms, superoxide anions are deleteriously
produced as a byproduct of mitochondrial respiration, as well as several other enzymes, for example
xanthine oxidase [25]. It is known to play an important role in different form of disease, including
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chronic diseases (e.g., hypertension, arterial disease), Parkinson's disease and hepatitis. In this study,
all the groups treated with FIR revealed apparent effect on decreasing the generation of superoxide
anions.. Oppositely, an increased level of superoxide anions was observed in control group (Table
2). The mechanism is possibly, due to that hot compress with FIR materials stimulates the
production of superoxide dismutase (SOD) [18], which is responsible for the elimination of
superoxide anions [26]. Moreover, since the heat generated from FIR irradiation is able to affect the
autonomic nervous system [18], the observed results may also be ascribed to the regulation of
autonomic nervous system on the elimination of superoxide anions. The reduction of superoxide

anions may further prevent human from oxidative damage and many chronic diseases.
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Fig. 1. Relative difference of superoxide anions before and after FIR exposure among the groups.
Abbreviations: SP, sympathetic; PS, parasympathetic, SP plus PSP, sympathetic plus
parasympathetic. The results were performed in independently triplicate experiments. The bars
indicate the standard deviation. The letters (a, b, c¢) stand for reaching statistical significance in
comparison with control group (P < 0.05).



302 Advances in Mechanical Engineering

References

[1] Y. Hamada, F. Teraoka, T. Matsumoto, A. Madachi, F. Toki, E. Uda, R. Hase, J. Takahashi, N.
Matsuura: Int. Congress Series, Vol. 1255 (2003), p. 339.

[2] S. Inoue, M. Kabaya: Int J Biometeorol, Vol. 33 (1989), p. 145.

[3] C.C. Lin, Chang C.F., Lai M.Y., Chen T.W., Lee P.C., Yang W.C.: Far-Infrared Therapy: J] Am
Soc Nephrol, Vol. 18 (1989), p. 985.

[4] S.Y. Yu, J.H. Chiu, S.D. Yang, Y.C. Hsu, W.Y. Lui, C.W. Wu: Photodermatol Photoimmunol
Photomed, Vol. 22 (2006), p. 78.

[5] M.A. Trelles, I. Allones, E. Mayo: Med Laser Appl, Vol. 21 (2006), p. 165.

[6] J.T. Eells, M.T.T. Wong-Riley, J. VerHoeve, M. Henry, E.V. Buchman, M.P. Kane, L.J. Gould, R.
Das, M. Jett, B.D. Hodgson, D. Margolis, H.T. Whelan: Mitochondrion, Vol. 4 (2004), p. 559.

[7] A. Masuda, Y. Koga, M. Hattanmaru, S. Minagoe, and C. Tei: Psychother psychosom, Vol. 74
(2005), p.:288.

[8] L.C. Campbell, D.J. Clauw, F.J. Keefe: Biol Psychiatry, Vol. 54 (2003), p.399.

[9] L.R. Horwitz, T.J. Burke, D. Carnegie: Adv Wound Care, Vol. 12 (1999), p.35.

[10] R. Shiurba, , T. Hirabayashi, S. Kiyokawa, A. Fukui, Y. Miyanaga, I. Kojima, M. Asashima:

Adv Space Res, Vol. 23, p. 2041.

[11] H. Nagasawa, Y. Udagawa, S. Kiyokawa: Anticancer Res, Vol. 19 (1999), p.1797.

[12] M. Segovia, F.J. Gordillo, F.L. Figueroa: J Photochem Photobiol B, Vol. 70 (2003), p.145.

[13]Y. Udagawa, H. Nagasawa, S. Kiyokawa: Anticancer Res, Vol. 9 (1999), p.4125.

[14] Y. Hamada, F. Teraok, T. Matsumoto, A. Madachi, F. Toki, E. Uda, R. Hase, J. Takahashi, N.
Matsuura: Int Congr, Vol. 1255 (2003), p.339.

[15] ML.J. Bair, R.L. Robinson, W. Katon, K. Kroenke: Arch Intern Med, Vol. 163 (2003), p.2433.

[16] L.C. Campbell, D.J. Clauw, F.J. Keefe: Biol Psychiatry, Vol. 54 (2003), p.399.

[17] J.F. Tsai, S. Hsiao, S.Y. Wang: Prog Neuro-Psychoph, Vol. 31 (2007), p. 1397.

[18] J.F. Lee: A Complementary Therapy of Far-Infrared-Ray Hot Compression for the Elderly
Patients with Type II Diabetes Mellitus. Master Thesis (2010), Nanhua University, Taiwan,
R.O.C.

[19] D.J. Adams Jr., LN. Odunze: Free Radic Biol Med, Vol. 10 (1991), p. 161.

[20] J.J.F. Belch, M. Chopra, S. Hutchison, R. Lorimer, R.D. Sturrock, C.D. Forbes, W.E. Smith:
Free Radic Biol Med, Vol. 6 (1989), p. 375.

[21] E. Larrea, O. Beloqui, M.A. Munoz-Navas, M.P. Civeira, J. Prieto: Free Radic Biol Med, Vol.
24 (1998), p. 1235.

[22] N.J. Simmonds: Immunopharmacology of Free Radical Species, 1995, p.143.

[23] C. Ribiere, 1. Hininger, C. Saffar-Boccara, D. Sabourault, R. Nordmann: Biochem Pharmacol,
Vol. 47 (1994), p. 1827.

[24] R.A. Greenwald: Free Radic Biol Med, Vol. 8 (1990), p. 201.

[25] H.C. Lee, Y.H. Wei: J Biomed Sci, Vol 4 (1997), p.319.

[26] S.I. Liochev, I. Fridovich: Free Radic Biol Med, Vol. 42 (2007), p. 1465.





