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Abstract
Background: Against increasing environmental adverse effects on human health such as those associated with water and ground pollution, as well
as out- and indoor air conditions, trials were conducted to support and promote human health by improving the indoor air atmosphere. This study
was performed to estimate the effect of negatively-charged air conditions on human biological markers related to the psycho-neuro-endocrinoimmune (PNEI) network.
Objectives: After construction of negatively-charged experimental rooms (NCRs), healthy volunteers were admitted to these rooms and control
rooms (CTRs) and various biological responses were analyzed.
Methods: NCRs were constructed using a fine charcoal coating and applying an electric voltage (72 V) between the backside of walls and the
ground. Various biological markers were monitored that related to general conditions, autonomic nervous systems, stress markers, immunological
parameters and blood flow.
Results: Regarding the indoor environment, only negatively-charged air resulted in the difference between the CTR and NCR groups. The wellcontrolled experimental model-room to examine the biological effects of negatively-charged air was therefore established. Among the various
parameters, IL-2, IL-4, the mean RR interval of the heart rate, and blood viscosity differed significantly between the CTR and NCR groups. In
addition, the following formula was used to detect NCR-biological responses: Biological Response Value (BRV) = 0.498 + 0.0005 [salivary
cortisol] + 0.072 [IL-2] + 0.003 [HRM-SD] − 0.013 [blood viscosity] − 0.009 [blood sugar] + 0.017 [pulse rate].
Conclusions: Negatively-charged air conditions activated the immune system slightly, smoothened blood flow and stabilized the autonomic
nervous system. Although this is the first report to analyze negatively-charged air conditions on human biological responses, the long-term effects
should be analyzed for the general use of these artificial atmospheres.
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1. Introduction
People living in developed countries are exposed to many
physical and mental stresses caused by the urban environment,
including air, water and ground pollution (Chalupka 2005; De
Wilde et al., 2007; Krewski and Rainham, 2007; Samet and
Krewski 2007; Schwarzenbach et al., 2006), as well as stresses
resulting from the workplace and human relationships (Siegrist
and Rodel 2006; Stansfeld and Candy 2006).
In particular, sick-building syndrome (SBS) (Hodgson 1989,
1995; Lyles et al., 1991; Redlich et al., 1997; Burge 2004) and
multiple chemical sensitivity syndrome (MCS) (Brautbar et al.,
1992; Kipen and Fiedler 2002; Kreutzer 2002; Moen 2005) are
typical health disorders associated with the indoor environment.
These diseases are mainly caused by indoor air aldehydes and
volatile organic compounds (VOCs) that affect human psychoneuro-endocrino-immune (PNEI) networks (Besedovsky and
del Rey 1996; Anisman et al., 1996a, 1996b; Chesnokova and
Melmed 2002; Haddad 2004). The concept of a PNEI network
has evolved over the past few decades and is considered a
reflection of the close relationship between immunoregulation
and brain functions (Flanagan et al., 1990; Evans and Balster
1991; Henry et al., 1991; Crinnion 2000). Particular emphasis is
given to circuits involving immune cell products, the hypothalamus–pituitary–adrenal axis, and the sympathetic nervous
system. There is increasing evidence that brain-born cytokines
play an important role in brain physiology and in the integration
of the PNEI network. The various complaints and symptoms
associated with SBS and MCS are considered an impairment of
the PNEI network and psychological stabilization may improve
the symptoms in patients with SBS and MCS (Meggs 1993;
Weiss 1998; Saito et al., 2005; Ishibashi et al., 2007), although
avoidance of chemicals is the most important preventive
method for these disorders. Measures for reducing VOCs and
aldehydes have been developed, and concentrations of these
chemicals have been reduced through legislation in Japan.

Regarding the domiciliary environment, some trials to support
and promote human health in indoor conditions have been developed, such as the use of fewer chemicals in a building (Center for
Environment, Health and Field Science, Chiba University website).
The study concerning air electrical charge is one of these trials.
There are a few reports demonstrating that indoor air represents a
negatively-charged electric condition and that this condition may be
beneficial for human health (Krueger and Reed 1976; Misiaszek
et al., 1987; Fini et al., 1993; Weber et al., 1995; Yamada et al.,
2006). For example, charcoal coating on walls and ceilings with
positive charging produces indoor air that is negatively-charged. In
this article, the biological responses of healthy volunteers (HVs)
who stayed two-and-a-half hours in a negatively-charged room
were compared with those of HVs who stayed for the same time
period in a control room, in which the electrical charge was
maintained in a neutral state, to assess the effects of negativelycharged indoor air on the human PNEI network.
2. Materials, subjects and methods
2.1. Generation of negatively-charged air conditions
To generate negatively-charged indoor air conditions, a charcoal coating
made by fine charcoal powder was painted on the walls and ceilings of a room.
Charcoal coating designated by Health Coat™ was produced by Artech Kohboh
Co. Ltd. In addition, forced negatively-charged air conditions were created by
applying an electric voltage (72 V) between the backside of the walls of a room
and the ground, and the circuit for generating negatively-charged air conditions
is schematically presented in Fig. 1-A. This condition was made by the selective
sorption of floating positively-charged air particles on the surfaces of walls and
ceilings since these surfaces were positively-charged. Thus, these conditions
were recognized as a relative reduction of positively-charged air particles, rather
than a production of negatively-charged air particles.

2.2. Construction of experimental model rooms
Six experimental model rooms were constructed. Three negatively-charged
rooms (NCRs) (Nos. A, B and C) were established using the above-mentioned
method of generating negatively-charged air particles, and three control rooms

Fig. 1. Circuit for generating negatively-charged air conditions (A). Pictures of the outside (B) and inside (C) of negatively-charged rooms (NCRs) and control rooms
(CTRs). There was no difference in appearance between NCRs and CTRs.
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Table 1
Building materials of NCRs and CTRs

Floor
Wall
Ceiling
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2.5. Biological parameters examined

Negatively-charged room

Control room

(NCR)

(CTR)

Wooden flooring
Charcoal coating + white cloths
Charcoal coating

Wooden flooring
White cloths
Black cloths

(CTR) (No. D, E and F) were designated that had no device to change the
electric charge of the indoor air. However, to avoid recognition of room types
(NCR or CTR) by subjects, the appearances of both rooms were almost the
same, as shown in Fig. 1-B and -C and Table 1, which also detail the building
materials used for the rooms.
Both types of rooms were built in a wide sub-underground laboratory of the
Comprehensive Housing R&D Institute, SEKISUI HOUSE, Ltd., at Kizu,
Kyoto Prefecture, Japan. The area and volume of the laboratory was
approximately 539 m2 and 1564 m3, respectively, and those of experimental
rooms were 9.1 m2 and 22.8 m3, respectively.

2.3. Indoor air conditions of experimental rooms
Before testing biological reactions, parameters reflecting indoor air
conditions such as temperature, humidity, air pollutants and electrical charge
were measured for all experimental rooms. Temperature and humidity were
measured using a temperature/humidity data logger (TR-72S™, T&D
Corporation, Matsumoto, Japan). These two parameters were continuously
monitored during the entire experimental period. Air pollutants designated by
the guideline concerning indoor room concentrations for indoor air pollutants as
released by the Japanese Ministry of Health, Labor and Welfare, such as
formaldehyde, acetaldehyde, toluene, xylene, styrene, ethyl benzene, paradichlorobenzene and total VOC, were measured using an active sampling method.
These were monitored before testing (Nov. 11, 2005) and during the experiment
(Nov. 22, 2005). Electrical charge in these rooms was measured using an Ion
Counter (EB-1000™, Eco Holistic Inc., Suita, Japan). Electrical charge in two
representative rooms (Room C for the NCR group and Room D for the CTR
group) was monitored every morning, and all rooms were monitored twice a
week during the entire experimental period.

2.4. Subjects
All of the 120 healthy volunteers (HVs) were Japanese, each of whom
provided written informed consent. Sixty HVs (Age; mean ± S.D. = 44.08 ± 6.50,
Male: Female = 30: 30) were admitted to CTRs and the remaining 60 HVs (Age;
mean ± S.D. = 44.70 ± 6.36, Male: Female = 30: 30) were admitted to NCRs, for a
period of two-and-a-half hours. A questionnaire completed by all HVs before the
experiment revealed that they had no allergic diseases and were not taking
ordinary medicine. The experiments were performed during 18–30 November,
2005 at the Comprehensive Housing R&D Institute, SEKISUI HOUSE, Ltd., in
Kizu, Kyoto Prefecture, Japan. The study was approved by the Ethics Committee
of Kawasaki Medical School.
HVs were examined before and after exposure to experimental rooms for
various biological parameters related to the PNEI network such as general
physiological conditions, stress markers, parameters related to the autonomic
nervous system, immunological markers and blood viscosity. An anxiety score
using the POMS (Profile Of Mood Status) questionnaire was also recorded
(Baker et al., 2002; Griffith et al., 2005). In addition, HVs answered a
questionnaire before admission for the assessment of daily lifestyle, as developed
by Morimoto (Mure et al., 1996; Morimoto et al., 2001).
Six HVs were examined in the morning and another six were examined in the
afternoon on each experimental day. It was suggested to HVs that they do not eat,
drink or smoke at least two-and-a-half hours before the examination. During their
stay in the experimental rooms (CTR or NCR), HVs were allowed to drink a bottle of
mineral water (150 ml) and watch videos (not stimulating programs, such as scenery
of fields, mountains and seas), view magazines, pictures and scenery outside of the
windows (trees with green leaves). These items were the same in CTRs and NCRs.

1) General conditions: blood chemistry including liver and kidney functions,
blood sugar and lactic acid, and peripheral blood count were measured using
peripheral blood samples. In addition, blood pressure and pulse rate were
measured at pre- and post-admission.
2) Stress markers: blood cortisol and salivary cortisol, chromogranin A,
amylase, and secretary immunoglobulin (Ig) A were measured as stress
markers. Saliva was collected by Salivette™ (Sarstedt Ag & Co.,
Nümbrecht, Germany) according to the manufacturer's instructions. Briefly,
each HV kept the cotton part of the Salivette in his/her mouth for 3 min. The
cotton was then frozen at − 20°C until centrifugal collection of the saliva.
The values of each item were corrected by the total protein of the individual
sample.
3) Parameters related to the autonomic nervous system: the autonomic nervous
system was examined through a Flicker test, stabilometer and heart rate
monitoring for 3 min. The Flicker test was performed using a Handy Flicker
HF™ (Neitz Instruments Co. Ltd., Tokyo, Japan), and flicking frequencies of
red, green and yellow colors were monitored. A Gravicoder GS-7™ (Anima
Inc., Tokyo, Japan) was used as a stabilometer and the Romberg ratio was used
as a measure of body sway. The ratio was calculated using the whole trajectory
of body sway during 30 s while standing with eyes closed divided by that
recorded with eyes open. Heart rate was monitored using a Heart Rate Monitor
S810i™ (Polar Electro, Kempele, Finland) for 3 min. During monitoring, HVs
sat on a chair and remained at rest. RR intervals were estimated and the standard
deviation (SD) was considered an index of fluctuation of the heart rate.
4) Immunological parameters: serum levels of immunoglobulin (Ig) E and Ig
A, cytokines related to the Th1/Th2 balance (Interferon (IFN)-γ, tumor
necrosis factor (TNF)-α, Interleukin (IL)-2, IL-4, IL-6 and IL-10) were
evaluated. The individual samples for cytokine measurement were applied to
the Cytometric Bead Array of Human Th1/Th2 cytokine kit II (CBA, BD
Bioscience, San Jose, CA, USA) (Oliver et al., 1998; Chen et al., 1999) and
measurements were made using FACSCalibur flow-cytometry (BD
Bioscience) according to the manufacturer's instructions. Samples that
revealed less than the lower limitation of analytical methods for cytokines
and Igs, 1/10 the value of minimum values among whole measurable
samples, were substituted instead of using “0” or “unmeasurable”.
5) Blood viscosity: blood viscosity was measured using a Micro-Channel Flow
Analyzer, MC-FAN (MC Laboratory Inc., Tokyo, Japan) (Sunagawa et al.,
2002; Kamada et al., 2004) according to the manufacturer's instructions.
Briefly, a peripheral heparinized blood sample (100 μl) was put into the
instrument and flowed through the micro-channel chips, which are a model
for capillary vessels, and the flowing time was recorded. The flowing blood
sample could also be visualized using the CCD camera attached to the
microscope's objective.

2.6. Statistical analysis
To compare the biological responses in HVs of the CTR and NCR groups, a
biological response value (BRV) was calculated using the value of postadmission minus that of pre-admission for each parameter. The differences
between CTR and NCR values for each parameter were analyzed using a Mann–
Whitney U test. A multiple/stepwise regression test was performed to extract the
parameters used to calculate the biological response based on the effects of
NCR. In addition, factor analysis was performed using all of the parameters to
find the differences of PNEI-biological tendencies among HVs of the CTR and
NCR groups. All statistical analyses were performed using StatFlex version 5.0
software for Windows (Artech Co. Ltd., Osaka, Japan), which yields results that
are compatible with SPSS software.

3. Results
3.1. NCR conditions
1) Temperature and relative humidity: during the experimental period, the room
temperature ranged from 16.9 to 25. 8 °C (mean ± SD: 20.6 ± 0.35 °C).
Relative humidity ranged from 39 to 68% (50 ± 1.0%). Differences between
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difference between the indoor air quality of CTR and NCR groups, or between
the pre-experiment period and the period during experiments.
3) Electrical charge of indoor air: as shown in Fig. 3, electrical charges of the CTR
and NCR groups differed regarding the density of positively-charged particles
of the indoor air. The upper panel demonstrates that positively-charged
particles in rooms A, B and C (CTR) existed at levels similar to those of
negatively-charged particles shown in the lower panel. However, although
negatively-charged particles in rooms D, E and F (NCR) showed no differences
when compared with those of the CTR group, positively-charged particles in
the NCR group were reduced. As a result, the balance of positively and
negatively-charged particles in the NCR group tended to be predominantly
negatively-charged, as we expected. These results confirmed that the
construction of experimental rooms was suitable for the purpose of this study.

3.2. Biological response

Fig. 2. Changes of room temperature and humidity in Room A (CTR) and F
(NCR) from 9:00 to 18:00 during two admissions of healthy volunteers. These
parameters were monitored on each experimental day, and this figure shows
representative data for November 15, 2005.

individual rooms (A to F) were very small and negligible. The variation
seemed to be influenced by the weather on experimental dates. For example,
representative changes of room temperature and humidity from 9:00 to
17:30 on November 19, 2005 in Room A of the CTR group and Room F of
the NCR group are shown in Fig. 2. Although the temperature increased
slightly after administration of HVs, and humidity decreased slightly as a
consequence, these room conditions did not seem to be uncomfortable or
disturb the experiment.
2) Indoor air pollutants: levels of indoor air pollutants were less than the Japanese
Guideline, and the results of measurements are shown in Table 2. There was no

1) Differences of BRV between CTR and NCR groups: Most of the BRV
parameters did not show any differences between CTR and NCR groups.
However, four parameters showed significant differences as shown in Fig. 4.
The elevations of IL-2 and IL-4 (values of post-admission minus preadmission) were higher in HVs of the NCR group when compared to those of
the CTR group. Next, the change of mean RR interval of heart rates was lower
in HVs of the NCR group than those of the CTR group. In addition, the
changes of blood viscosity, which revealed how long 75 μl of heparinized
peripheral blood required to flow through the micro-channel chips, was lower
in HVs of the NCR group relative to those of the CTR group.
2) Extraction of parameters related to NCR exposure: a multiple/stepwise
regression test was used for the extraction of parameters related to NCR
exposure. To perform this test, control variables from individual categories
for biological responses such as salivary cortisol from stress markers, IL-2
from immunological markers, the SD of a 3-min heart rate (fluctuation of
heart rate) from autonomic nervous system markers, and blood viscosity
were finally chosen as parameters. As shown in Table 3, except for control
variables, only blood sugar and pulse rate were extracted as the parameters.

Table 2
Indoor air pollution analysis of rooms
Room name
Before testing
Formaldehyde
Acetaldehyde
Toluene
Xylene
Styrene
Ethylbenzene
Paradichlorobenzene
T-VOC(Toluene Conversion)
During testing
Formaldehyde
Acetaldehyde
Toluene
Xylene
Styrene
Ethylbenzene
Paradichlorobenzene
T-VOC(Toluene Conversion)

A

B

C

D

E

F

G.V. a

18
21
37
8
b5
b5
b5
190

16
16
33
7
b5
b5
b5
180

32
15
31
7
b5
b5
b5
190

24
16
36
8
b5
b5
b5
180

18
24
34
7
b5
b5
b5
180

29
16
36
8
b5
b5
b5
200

100
48
260
870
220
3800
240
400

19
13
25
9
b5
b5
b5
200

19
13
23
8
b5
b5
b5
200

27
11
25
9
b5
b5
b5
210

22
13
27
9
b5
b5
b5
210

17
15
30
10
b5
b5
b5
230

23
14
29
10
b5
b5
b5
230

100
48
260
870
220
3800
240
400

a
Guideline Value determined by the Japanese Ministry of Health, Labor and
Welfare.

Fig. 3. Densities of positively- (upper panel) and negatively- (lower panel)
charged particles in three NCRs and three CTRs. The positively-charged
particles were reduced only in NCRs due to adsorption onto room walls and
ceilings, as shown in Fig. 1.
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Fig. 4. Statistical differences among changes (pre-admission to a room compared with post-admission) of biological markers for the PNEI network between the CTR
and NCR groups are represented by IL-2, IL-4, mean RR intervals calculated from a 3-min heart rate monitor, and blood viscosity (time for the flow of 75 μL of blood).
From these results, the biological response to NCR was calculated using the
following formula:
Biological response value ¼ 0:498 þ 0:0005½salivary cortisol þ 0:072½IL−2
þ 0:003½HRM−SD  0:013½blood viscosity
 0:009½blood sugar þ 0:017½pulse rate

3) Factor analysis: factor analysis was utilized to find differences in PNEIbiological tendencies among HVs of the CTR and NCR groups. As shown in
Table 4, three factors were extracted. The highlighted parameters shown in

Thereafter, this formula was used for all NCR and CTR HVs. As shown in
Fig. 5, biological response values for HVs of the NCR group were higher than
those of the CTR group.

Table 3
Extraction of parameters related to biological responses of the NCR group using
a multiple/stepwise regression test
Parameter

Salivary cortisol
IL-2
HRM-SD (fluctuation)
Blood viscosity
Blood sugar
Pulse rate

Regression
coefficient

Standard error

t

p

0.497783
0.005154
0.071545
0.002823
− 0.012611
− 0.009255
0.016925

0.065453
0.014140
0.029235
0.002505
0.005553
0.003694
0.009296

0.365
2.447
1.127
2.271
2.506
1.801

0.71641
0.01653
0.26296
0.02579
0.01422
0.07233

The multiple regression coefficient (R) is 0.45029 and risk value (p) is 0.0041
for this analysis. However, squared multiple correlation coefficient adjusted for
the degrees of freedom is 0.14443. Thus, the formula made by this analysis
represents the difference between CTR and NCR, particularly items showing
lower p value such as IL-2, blood sugar and blood viscosity seem to be
important to distinguish these two conditions.

Fig. 5. Differences between individuals of the CTR and NCR groups on the basis
of values calculated from the formula used to detect NCR-biological responses
(0.498 + 0.0005[salivary cortisol] + 0.072 [IL-2] + 0.003 [HRM-SD] − 0.013
[blood viscosity] − 0.009 [blood sugar] + 0.017 [pulse rate]).
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Table 4
Factor analysis of biological responses in subjects of the CTR and NCR groups

Highlighted values showing more than 0.4 or less than − 0.4 are considered parameters contributing to the formation of the Factors.

Table 4 are those that contributed to the formation of individual factors.
These parameters showed values greater or less than ± 0.4.
Factor 1 of the NCR and CTR groups was an immunological factor, although
this factor for both groups included parameters of the autonomic nervous system
such as fluctuation of heart rate for the CTR group, and the flicker test for the
NCR group. Although factor 2 of the CTR group was another immunological
factor with a stress marker (salivary secreting Ig A), factor 2 of the NCR group
looked like a stress factor with the RR interval. Factor 3 of the CTR group
consisted of parameters for the autonomic nervous system with blood viscosity,
Ig E and lactic acid.

4. Discussion
This study obtained important results. First of all, it should be
noted that the experimental rooms used in this study were able to
estimate only the effects of negatively-charged air conditions on
parameters indicative of human health. Temperature, humidity
and air pollutants were well-managed, and there was no
difference between CTR and NCR groups other than air charge.
In addition, these experimental rooms contained no air
pollutants. Thus, it is important to appreciate that the examinations using these rooms do present the biological effects of
negatively-charged air conditions. Negatively-charged air conditions are recognized in the commercial sector and many
companies which are manufacturing and selling negative-ion

producers and air purifiers are emphasizing that negativelycharged air conditions are better for human health (see Peak Pure
Air and Negative Ion Generators websites). However, there is no
definite evidence concerning the biological effects of negatively-charged indoor air conditions. As a first step in obtaining
data concerning the biological effects of negatively-charged air
conditions, the NCEI network was analyzed in this study by
placing individuals in negatively-charged air conditions for a
few hours and monitoring biological markers of human health.
Among the various parameters monitored, IL-2, IL-4, mean
RR interval of heart rates, and blood viscosity differed
significantly between CTR and NCR groups. In addition, the
following formula was used to detect NCR-biological
responses: Biological Response Value = 0.498 + 0.0005[salivary
cortisol] + 0.072 [IL-2] + 0.003 [HRM-SD] − 0.013 [blood viscosity] − 0.009 [blood sugar] + 0.017 [pulse rate].
The results indicate that several points need to be noted for a
discussion of the biological effects of negatively-charged air
conditions. First, there were no adverse effects. None of the HVs
of the NCR or CTR groups requested the termination of the
experiment or complained of any physical or mental problems
during or after occupation of the rooms. Only one individual
(NCR group) stated two weeks after the experiment that a skin
allergy worsened after participating in this experiment.
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However, there was no evidence to indicate that the worsened
skin condition was correlated with the experiment.
Second, it seems that negatively-charged air conditions
activate the human immune system, as evidenced by the slight
increase of IL-2 and IL-4 from single-parameter analyses and the
multiple/stepwise regression test. The increased IL-2 and IL-4
activities may be related to an activation of the immune response
to Th0–Th2. This activation is mainly produced by exposure to
xenobiotics. On the other hand, IL-4 is also considered an antiinflammatory cytokine acting in stressful conditions.
In addition, this circumstance may affect stabilization of the
autonomic nervous system since there was a slight reduction of
mean RR interval from 3-min heart rate monitoring and extraction
of a standard deviation of heart rate monitoring for a positive axis,
which probably means that this change may have induced deeper
and larger respiration in individuals of the NCR group relative to
those of the CTR group. Thereafter, this condition may smoothen
blood flow by a negative axis for blood viscosity in the formula.
The results from factor analysis are interpreted as follows.
Factor 1 of the NCR and CTR groups was an immunological
factor, although this factor in both groups included parameters for
the autonomic nervous system. Although factor 2 of the CTR
group was another immunological factor with one of a stress
marker (salivary secreting Ig A), factor 2 of the NCR group was a
stress factor with RR interval. In factor 2 of the NCR group,
increased stresses might be accompanied by a reduction of the
heart rate interval, and these are considered reasonable and related
responses. Factor 3 of the CTR group consisted of parameters for
the autonomic nervous system with blood viscosity, Ig E and
lactic acid. This is an autonomic nervous factor, whereas
biological responses in HVs of the CTR group were mixed and
comprised many parameters. In contrast, factor 3 of the NCR
group was another immunological and autonomic nervous factor.
The results from factor analysis attempted to pinpoint the
effects of negatively-charged air conditions on a simplified
biological PNEI network. However, since there was no big
difference in speculated meanings of extracted factors for the
NCR or CTR groups, it may be difficult to get meaningful results
from factor analysis.
Finally, although it seemed that short-term exposure to
negatively-charged air conditions led to a slight improvement of
the human PNEI network, a study should be made of exposure
to indoor conditions for very long periods such as days, weeks,
months and years. Thus, experiments for days and weeks should
be performed by modifying these experimental indoor conditions, since the experimental room system of this study was
shown to be suitable for an analysis of the effects of negativelycharged air conditions on the human PNEI network.
In conclusion, although the results of this study showed some
biological effects of electrical charge of indoor air condition,
particularly on the human PNEI networks, these effects have to
be further investigated.
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