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Abstract: Forest therapy is a fast-growing treatment approach, as it has the potential to alleviate
stressful life events and to improve psychological well-being and physical health. Bamboo forests are
widespread in southwestern China. Nevertheless, a knowledge gap on the specific health benefits of
bamboo forest (BF) therapy still exists. To explore the psycho-physiologic responses of participants to
the effects of BF therapy, 60 male adults aged between 19 and 24, with similar healthy conditions, were
selected to participate in this study. A one-group pretest–posttest design was used for the BF sites
and the city site (CS) to compare the difference in the psycho-physiologic responses of participants
before and after the test. Participants at the BF sites participated in a three-day bamboo forest therapy
session, and those at the CS participated in a three-day urban program. Blood pressure, heart rate,
and peripheral oxygen saturation were measured as the physical signs, and the profile of mood state
(POMS) questionnaire was completed by the participants for the psychological evaluation. Blood was
sampled, and natural killer (NK) activity, the number of NK cells, and the levels of corticosterone,
granulysin, perforin, and granzyme A/B in peripheral blood lymphocytes (PBLs) were measured.
All the measurements mentioned above were performed at 08:00 on the first and fourth days within
the test. Results indicated that the three-day BF therapy was capable of enhancing positive mood
states and also reducing negative mood states in the male participants. The blood pressure and heart
rates of the male participants decreased, while the peripheral oxygen saturation increased after the
three-day BF therapy session. Furthermore, BF therapy significantly increased NK activity and the
number of NK cells and perforin-, granulysin-, and granzyme A/B-expressing cells and significantly
decreased the corticosterone level in PBLs in the male participants. The three-day BF therapy session
improved the psychological and physiological well-being and enhanced the immune functions of the
male college students.

Keywords: bamboo forest therapy; psychological responses; physiological responses; immune system

1. Introduction

As urbanization progresses around the globe, many advantages of developed infrastructures and
artificialized urban environments might be closely related to negative health outcomes in modern
people [1]. However, given workplace limitations and the appeal of urban life, an increasing number
of people prefer to live in large cities rather than rural areas, especially college graduate students. This
trend is projected to continue and intensify [2]. As human society becomes increasingly urbanized,
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various physiological and psychological diseases are caused by stress, thus affecting well-being
and health [3]. Research has shown that high blood pressure (BP) costs the U.S. approximately
$48.6 billion per year and affects 1 in 3 Americans [4]. In China, the phenomenon of poor health
in urban populations is remarkable because the proportion of people with poor health is as high
as 76% [5]. College students have several health risk factors, including irregular sleep patterns,
personal relationship changes, over-drinking, and academic pressures, and they experience a large
amount of stress, anxiety, and depression [6]. Previous studies have shown that approximately 50%
of college students experience significant levels of stress, anxiety, or depression, or a combination of
these conditions [7]. Evidence has shown that people suffer pressure from the urban environment
psychologically and physiologically.

Air pollution, noise pollution, water pollution, work pressure, and other stresses related to
urban environments are increasingly compelling people to seek forms of stress relief and healthy
lifestyles [8,9]. Because of the negative environmental impacts in urban areas, research on the benefits
of immersion in the natural environment is important. The 16th century Swiss-German physician
Paracelsus declared the following: “The art of healing comes from nature, not from the physician” [10].
In most people, the relationship between survival and the natural environment is inseparable. Studies
have indicated that natural environments have the potential to improve the relationship between
stressful life events and psychological well-being and physical health [11–14].

An immersive forest experience known as ‘forest therapy’ has recently received widespread
attention as a novel form of psychological therapy for reducing stress and providing a feeling of
relaxation. Forest therapy is a fast-growing treatment approach [15], and researchers have sought to
improve the description and evaluation of the relationship between forests and human health [16].
Recent field studies on forest therapy have provided interesting scientific data supporting the hypothesis
that physiological indices, such as BP, pulse rate, heart rate variability [3,17], and salivary cortisol
concentration [18], were decreased after forest therapy. Moreover, compared with a city setting,
a forest therapy program led to a significant increase in parasympathetic nerve activity [19] and lower
sympathetic nerve activity [17]. Additionally, some research has shown that compared with the urban
environment, forest therapy was capable of enhancing positive mood states and reducing negative
mood states as specific psychological responses [20–23]. In addition, forest therapy trips resulted in
an increase in natural killer (NK) cell activity, which was mediated by increases in the number of
NK cells and the levels of intracellular granulysin, perforin, and granzymes A/B in peripheral blood
lymphocytes (PBLs) [24–26].

Bamboo is an important forest type in many countries, especially in East and Southeast Asia and
in African countries. It is a versatile and important component of the ecology, culture, and economy of
these countries [27,28]. Bamboo is a well-known and the most preferred plant in the Chinese landscape
design due to its unique beautiful foliage and fast-growing characteristics. However, to our knowledge,
the benefits of bamboo forest (BF) therapy on both psycho-physiological and immune system responses
have not been investigated experimentally. We hypothesized that BF therapy would also provide
benefits similar to those of forest therapy on psychophysiology and the immune system.

In the current research, we investigated the effectiveness of a BF therapy program on the
psychophysiology and immune system of a large sample of male college students through field
experiments with a one-group pretest–posttest design. The aim of the present study was to investigate
the benefits of a three-day BF therapy session on the psychophysiology and immune system of male
college students. Further, the mechanism of interactions between the nervous, endocrine and immune
systems in participants after bamboo forest therapy was discussed in the present study.
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2. Materials and Methods

2.1. Subjects and Experimental Sites

All experimental sites used in this study were located in Sichuan Province in Southwest China. The
city site (CS) in Chengdu was located in the center of downtown. In Chengdu, the subjects could view
urban buildings, cars, people and other urban elements. For the bamboo forest (BF) sites, a site located
near the city of Ya’an was selected. Ya’an is famous for pandas. The dominant forest species of the
selected site (and Sichuan Province) is Neosinocalamus affinis, a large species of cluster bamboo. The Yibin
site was located in Yibin City, which is well known for the Shunan Bamboo Sea, an AAAA-level scenic
area as denoted by the Chinese National Tourism Administration. The Shunan Bamboo Sea comprises
more than 12,000 ha of large Phyllostachys heterocycla. The Dujiangyan site was a bamboo park named
‘zhuhai dongtian’ covered with Phyllostachys praecox ‘Prevernalis’ in Dujiangyan City. The average
height of bamboo forest is 24.5 m and the average density is 600 tufts per hectare. Figure 1 shows
the locations of the four research study sites in Sichuan Province in our study, and Figure 2 shows
photographs of the four sites.
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Figure 2. Photographs of the studied sites. (a) The city site (CS) site was located at a crossroad in a
typical urban environment with cars, buildings, markets, hotels and companies. (b–d) The bamboo
forests sites.

In this study, 60 male college students from Sichuan Agricultural University participated in
three-day field experiments. None of the participants reported any physiological or psychiatric
disorders in their personal histories. Subjects who smoked or were alcoholic were excluded from this
study. Before the experiment, the goal and experimental procedures of the study were explained to the
participants, and their informed consent was obtained. This study was reviewed and approved by
the Ethics Committee of Sichuan Agricultural University. To control the background environmental
conditions, identical single rooms and similar meals were provided to each subject for the duration of
the study period. The subjects were randomly divided into four groups, and each group included
15 males. In addition, basic characteristics of the participants, such as the age, height and weight of
each subject, were measured. To avoid physiological differences, the systolic blood pressure (SBP),
diastolic blood pressure (DBP), heart rate (HR) and blood oxygen saturation levels of each participant
were measured. After collecting the basic data of the participants, analysis of variance was used for
the data comparison between the CS and BF experimental sites. The results showed no significant
differences between the CS and BF experimental sites in the subjects’ age, height, or weight. The results
are shown in Table 1.
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Table 1. Basic information of the sampling subjects at the CS and bamboo forest (BF) sites included
in this study. Body mass index (BMI) = weight (kg)/[height (m)]2. All data are presented as the
mean ± SEs. CS, city site; BF, bamboo forest sites.

Parameter CS BF

Sample No. (count) 15 45
Age (years) 21.6 ± 0.34 21.8 ± 0.25
Weight (kg) 65.5 ± 1.23 64.1 ± 0.82
Height (cm) 175.2 ± 0.50 174.6 ± 0.49

BMI (kg m−2) 21.3 ± 0.45 20.9 ± 0.24

Noise, air temperature, absolute illumination, relative humidity, radiant heat, negative air
ionization and wind velocity were measured at each experimental site. Compared with the city site,
the BF sites showed significant differences in temperature, relative humidity, radiant heat, noise,
absolute illumination and wind velocity (p < 0.05; Table 2).

Table 2. Comparison of the environmental factors of the two environmental sites. Data are presented
as the mean ± SEs. CS, city site; BF, bamboo forest sites.

Parameter CS BF

Temperature (◦C) 28.9 ± 0.26 22.9 ± 1.21
Relative humidity (%) 60.5 ± 2.53 81.1 ± 4.23

Radiant heat (◦C) 34.5 ± 0.73 23.1 ± 1.52
Noise (dB) 70.1 ± 0.68 45.6 ± 1.21

Absolute illumination (lux) 6585.7 ± 881 1578.3 ± 623.15
Wind velocity (m/s) 0.9 ± 0.19 0.2 ± 0.13

Negative air ionization (ions/cm3) 573.3 ±15.08 962.6 ± 38.97

2.2. Procedures

We chose September for this study, as it is a suitable month for outdoor travel. The weather
was sunny during the experimental period. On the afternoon of 19 September, the subjects were
divided into four groups. The groups arrived at the arranged hotels near the given experimental sites.
The experimental sites were flat areas where the experiment could be easily conducted. The hotels
were approximately 300 m from the experimental site. To prevent any effects on emotions, the subjects
were allowed to do as they wished in the hotel but were instructed to avoid strenuous exercise and
any stimulating activity in their hours of relaxation before sleeping. The experiments of the city site
(CS) and bamboo forest sites (BF) were carried out simultaneously. At 08:00 on 20 September 2017
(the first day), psychological and physiological data were taken and blood was sampled. After that,
15 male participants were taken to the city site (CS) and the others were taken to bamboo forest sites
(BF). In the next three days, the participants in BF experienced a three-day bamboo forest therapy
and the participants in CS were exposed to a city environment. All of the subjects were instructed to
remain at their experimental sites from 09:00 to 17:00 except for lunch time. At 8:00 on 23 September
2017 (the fourth day), psychological and physiological data were taken and blood was sampled
(see Figure 3).
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Figure 3. The itinerary for the subjects exposed to the bamboo or urban environment. T0: 19 September
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23 September 2017.

2.3. Measurement

2.3.1. Psychological Indices

A subjective evaluation of mood was performed using the profile of mood state (POMS)
questionnaire. The POMS questionnaire is a well-established, analytically derived measure of
psychological distress, and its high levels of reliability and validity have been documented. The POMS
questionnaire that we used for the analysis was translated to Chinese by Zhu [29]. For this study,
the POMS questionnaire included 30 adjectives rated on a 0−4 scale (i.e., 0, not at all; 1, slightly; 2,
moderately; 3, substantially; 4, extremely) that could be consolidated into the following six effective
dimensions: tension and anxiety (T-A), depression (T-A), anger and hostility (A-H), fatigue (F),
confusion (C), and vigor (V). For T-A, D, A-H, F, and C, a lower score represents a better emotional
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condition. A higher score for V indicates a better emotional condition. The total mood disturbance
(TMD) score was calculated using the following Formula (1) [30], and a total of 120 copies of the POMS
questionnaires for the four sites provided the data in this study.

TMD score = (T−A) + (D) + (A−H) + (F) + (C) − (V) (1)

2.3.2. Physiological Indices

The physiological indices were measured six times for every participant—three times on the
first day and three time on the last day. SBP and DBP were measured with automated BP devices
(Omron HEM-7112 Comfort, Omron Health Care (China) Co., Ltd., Dalian, China). BP was measured
three times during the intervention, on the left arm with the participants resting in a seated position.
Peripheral oxygen saturation (SpO2) was measured with a pulse oximeter (Philips DB18, Philips
Medical (Suzhou) Co., Ltd., Suzhou, China) on the index finger of the left hand three times. HR was
measured with a single-channel electrocardiograph (Med-ECG-2301, Guangzhou Sanrui Electronic
Technology Co., Ltd., Guangzhou, China) three times.

2.3.3. Immune System Indices

Reagents: Roswell Park Memorial Institute (RPMI-1640) medium was purchased from HyClone
(Logan, UT, USA). Fetal bovine serum (FBS) was obtained from Clark Bioscience (Richmond, VA, USA).
NADI was purchased from Sigma (St. Louis, MO, USA), and nitrotetrazolium blue chloride (NBT) was
purchased from Biosharp (Hefei, China). Anti-CD3, anti-CD16, and anti-CD56 were purchased from
Biolegend (San Diego, CA, USA). The Human CORT ELISA KIT (XL-Eh0551), Human GNLY ELISA
KIT (XL-Eh1850), Human Gzms-A ELISA KIT (XL-Eh1375), Human Gzms-B ELISA KIT (XL-Eh1374),
and Human PF T ELISA KIT (XL-Eh0770) were purchased from Abcam (Cambridge, MA, USA).

2.3.4. Sample Preparation

Sterile fresh peripheral blood was collected from the study participants and then preserved at
−80 ◦C after adding heparin anticoagulant. Aseptic absorption of 1 mL of anticoagulant peripheral
blood was diluted and mixed with the same amount of culture medium. Then, 5 mL of Ficoll solution
was first added to a 15 mL centrifuge tube, and diluted blood was gently added to the upper Ficoll
layer of two centrifuge tubes. After centrifugation for 20 min at 2000 rpm, the cells at the junction
of the uppermost medium were carefully absorbed, and the separator was added to another aseptic
centrifuge tube. Then, 5 mL of PBS was added to the centrifuge tube and centrifuged for 10 min at
1500 rpm. The supernatant was removed and then added to the medium for the same cleaning progress.
Finally, the cells were divided into two parts—one for lactate dehydrogenase (LDH) detection and one
for flow cytometry staining.

2.3.5. LDH and Cell Number Detection

After resuscitation, passage and cryopreservation of K562 cells (K562 cells were the first human
immortalised myelogenous leukemia line to be established), K562 target cells in the logarithmic growth
period were centrifuged. The collected cells were washed three times with PBS and centrifuged for
5 min at 800 rpm. The cell density was set to 105 for further use. To regulate the concentration of
effector monocytes to 107, 100 µL of effector cells and target cells was added to a 96-well plate. Two
holes were arranged in each specimen, and the target cell natural release control group (target cell
K562 + 1640 medium) and maximum release control group (target cell K562 + NP-40) were prepared
at the same time. After incubation for 3 h, 0.1 mL of preheated LDH substrate solution was added,
followed by a light-avoiding reaction for 15 min at 37 ◦C and the addition of 30 µL of 1 mol/L citric
acid to the solution. The optical density (OD) value was read at a 570 nm wavelength, and NK activity
was calculated as follows: (experimental group OD value−natural group OD value)/(largest group
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OD value−natural group OD value). The cell numbers were determined by flow cytometry with the
default parameters.

2.3.6. ELISA Experiments

Biotin double antibody sandwich enzyme-linked immunosorbent assay (ELISA) was used to
determine the levels of corticosterone (CORT), granule lysin (GNLY), granzyme a (Gzms-a), granzyme
b (Gzms-B) and perforin (PF). Briefly, the samples to be checked were added to the enzyme-labeled
holes, which were precoated with CORT, GNLY, Gzms-A, Gzms-B and PF monoclonal antibody and
then incubated. The antibodies against CORT, GNLY, Gzms-A, Gzms-B and PF labeled with biotin
were added to bind to streptavidin-HRP to form an immune complex. After incubating and washing,
the unbound enzyme was removed, and then substrates A and B were added to generate a blue
product, which was converted to final yellow under the action of acid. The depth of color is positively
correlated with the concentration of each index in the sample.

Blood was sampled and NK activity was determined; the proportions of NK cells and the levels
of granulysin-, corticosterone-, perforin-, and granzyme A/B-expressing cells in PBLs were measured.
All measurements were made on the mornings of 20 September and 23 September 2017 at 08:00.
All blood samples were placed in an ice/water box at 4 ◦C, and assays were performed within four
hours of the blood draw.

2.4. Statistical Analysis

Because the variability between individuals in the physiological and immune system indices was
large, we did not compare the difference in the data between the BF sites and CS locations. Rather,
differences in all the data before and after each type of trip were compared in the present study. The BF
data were the average of the data from the Ya’an, Yibin and Dujiangyan sites. A paired t-test was used
to compare the data between pretest and posttest after the three-day bamboo forest therapy session.
The Statistical Package for Social Sciences software (v20.0, SPSS Inc., Chicago, IL, USA) was used for
all statistical analyses. All data are presented as the means ± standard errors (SEs), and differences
were considered significant at p < 0.05.

3. Results

3.1. Bamboo Forest Therapy Contributes to the Regulation of Psychological Responses

Scores of negative mood for T-A, D, F, C and A-H at the BF sites significantly decreased after the
bamboo forest program (p < 0.05; Figure 4a–e). No difference was found in the scores of negative mood
for T-A, D, F, C and A-H after the urban program. The scores of V mood significantly increased after
the BF program and significantly decreased after the urban program (Figure 4f). In addition, the TMD
scores significantly decreased after the bamboo forest program and significantly increased after the
urban program (Figure 4g).
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SBP was significantly decreased after the three-day forest bamboo therapy (p < 0.05; Figure 5a). 
At both the CS and BF sites, no significant difference was found between before and after the program 
in the DBP, HR and SpO2 of male participants (Figure 5b–d). However, the average value of HR was 
lower at the BF sites and higher at the CS than before the program, although the change was not 
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Figure 4. (a) tension-anxiety (T-A), (b) depression (D), (c) fatigue (F), (d) confusion (C), (e) anger-hostility
(A-H), (f) vigor (V), (g) total mood disturbance TMD. T-scores for tension-anxiety (T-A), depression (D),
anger-hostility (A-H), fatigue (F), confusion (C), vigor (V) and total mood disturbance TMD on the
profile of mood state (POMS) questionnaire after the bamboo forest and urban programs. A paired
t-test was used to compare the data between pretest and posttest after the three-day bamboo forest
therapy session. The data are presented as the mean ± SEs. * p < 0.05, significantly different data
between the pretest and posttest for the six mood parameters of the POMS questionnaire by paired t
test. CS (n = 15), city site; BF (n = 45), bamboo forest sites.

3.2. Bamboo Forest Therapy Decreases BP in Male College Students

SBP was significantly decreased after the three-day forest bamboo therapy (p < 0.05; Figure 5a).
At both the CS and BF sites, no significant difference was found between before and after the program
in the DBP, HR and SpO2 of male participants (Figure 5b–d). However, the average value of HR was
lower at the BF sites and higher at the CS than before the program, although the change was not
statistically significant (p > 0.05). The results indicated that bamboo forest therapy decreased BP in
male college students.
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3.3. Bamboo Forest Therapy Enhances the Immune Response in Male College Students

Compared with the pretest values, NK activity, the number of NK cells, and the levels of perforin,
granzyme A and granzyme B in the PBLs of participants were significantly increased after the BF
program (p < 0.05; Figure 6a–f). Corticosterone in PBLs was significantly decreased after the BF program
(Figure 6g). For the CS program, no significant difference was found in NK activity, the number of
NK cells, or the levels of perforin, granulysin, corticosterone, granzyme A and granzyme B in PBLs.
In addition, no significant difference was found in granulysin in PBLs with the BF program.
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Figure 6. (a) NK activity), (b) the number of NK cells, (c) perforin, (d) granulysin, (e) granzyme A,
(f) granzyme B, (g) corticosterone. Comparison of NK activity, the number of NK cells, perforin-,
granulysin-, granzyme A/B- and corticosterone-expressing cells in peripheral blood lymphocytes in
participants after the bamboo forest and urban programs. A paired t-test was used to compare the
data between pretest and posttest after the three-day bamboo forest therapy session. The data are
presented as the mean ± SEs. * p < 0.05, significantly different data between the pretest and posttest for
the parameters by paired t test. CS (n = 15), city site; BF (n = 45), bamboo forest sites.

4. Discussion

This study investigated the psychological, physiological and immune system effects of a three-day
BF therapy on male college students, as well as the difference in these effects before and after the
three-day BF therapy.
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The present study confirmed that the three-day therapy session in the BF enhanced positive mood
states and reduced negative mood states. A previous study reported that forest environments improve
psychological well-being [20,21]. Furthermore, the literature has also reported that forest therapy
can reduce negative psychological symptoms and increase positive mood states [3,23], which was
consistent with our results for the psychological response to BF therapy.

Physiological data from this field experiment showed that the SBP was significantly lower in
participants after a three-day BF therapy session. The DBP and HR exhibited the same trend as SBP,
but the change was not statistically significant. The SpO2 of participants was higher after the BF
program than before the program. However, no difference in physiological indices was found between
pretest and posttest with the urban program. Previous studies have also shown that the mean HR
was significantly lower when participants viewed a forest area than when they viewed an urban
area [23,31–33]. The present result on the physiological benefits of BF therapy is partly consistent
with the previous study. BP is one of the vital signs, along with respiratory rate, HR, SpO2, and body
temperature. Normal resting BP in an adult is approximately 120 mm of mercury systolic and 80 mm
of mercury diastolic. SpO2 is the fraction of oxygen-saturated hemoglobin relative to total hemoglobin
in blood. Normal blood oxygen levels in humans are considered 95%–100%. Given the probable
differences between individuals, the decrease in DBP and HR and the increase in SpO2 between the
pretest and posttest measurements were not statistically significant. However, despite these differences
between individuals, it seems that there is a relatively clear tendency showing the beneficial effects of
BF therapy sessions compared with urban environment sessions on the physiological response of male
college students.

The present study provided evidence for strengthening of the immune system in male college
students after a three-day BF therapy session. The results of a paired t-test comparing the pretest
and posttest conditions showed a significant increase in NK activity, the number of NK cells, and the
levels of perforin and granzymes A/B in lymphocytes and a significant decrease in corticosterone in
the blood samples. Recent field studies on forest bathing have provided interesting scientific data
indicating that forest bathing trips significantly increased NK activity, the number of NK cells, and the
levels of perforin, granulysin, and granzymes A/B in PBLs, and the increased NK activity lasted for
more than 7 days after the trip [24–26]. Other studies have shown that participants in a two-day forest
therapy session showed a significantly larger increase in NK cell activity than participants in the control
group [34]. In addition, a forest bathing trip can increase NK activity, and this effect is at least partially
mediated by increasing the number of NK cells and by the induction of intracellular anticancer proteins.
However, no significant difference was found between pretest and posttest in the urban program in
NK activity, the number of NK cells, the levels of granulysin, perforin, granzymes A/B in lymphocytes,
or corticosterone levels. NK cells are a sub-population of lymphocytes that are able to recognize and
lyse a wide variety of target cells [35]. NK cells are recognized as a separate lymphocyte lineage, with
both cytotoxicity and cytokine-producing effector functions [36]. Recent studies continue to confirm
the importance of NK cells for host resistance, particularly against tumor metastasis [37] and against
infection by certain viruses [38]. One mechanism for NK cells to induce tumor- or virus-infected target
cell death involves granule exocytosis, with the direct release of cytolytic granules containing perforin,
granzymes and granulysin that kill target cells via apoptosis [39]. The increase in the number of NK
cells and perforin-, granulysin-, and granzyme A/B-expressing cells in PBLs represents benefits for
humans [24]. Therefore, bamboo forest therapy enhances the immune function of male college students
by increasing NK activity, the number of NK cells and the levels of intracellular granulysin, perforin,
and granzymes A/B in PBLs.

BF therapy can improve the psychological and physiological well-being and enhance the
immune functions of male college students. However, the mechanism underlying the benefits
to the psycho-physiological and immune systems after BF therapy is unclear.

First, according to biophilia and human evolutionary theories [40,41], the result may be partly
explained by the fact that humans have spent many thousands of years adapting to the natural
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environment and possess an innate tendency to seek connections with the natural environment and other
forms of life. According to Kaplan’s [42] “Attention restoration theory,” an environment that possesses
a restorative effect requires four properties: being away, fascination, extent, and compatibility [33].
Consequently, Kaplan argued that natural environments are ideal places to restore diminished
attentional capacity and provide these elements. In accordance with these theories, a BF is a restorative
environment that may improve the psychological and physiological well-being of people.

Second, aromatic volatile substances (phytoncides) extracted from trees may play an important
role in the recovery of the immune system. Many studies have shown the meaningful physiological
effects of a forest atmosphere on people [17,43,44]. In addition, floral scents can improve mood
states and may lead to improvements in emotional health, depression, and memory disorders [45].
These effects are believed to be achieved by inhaling the forest atmosphere, which includes various
phytochemicals mainly produced by trees. Li et al. measured NK activity, the percentages of NK
and T-cells, and the levels of granulysin-, perforin-, and granzyme A/B-expressing lymphocytes in
the blood of participants who were exposed to a room containing many phytoncides produced by
vaporizing Chamaecyparis obtusa (hinoki cypress) stem oil [46]. Phytoncides, such as α-pinene, β-pinene,
β-cadinene, and limonene, were detected in the hotel room air during the experiment. The results
showed that phytoncides from trees can increase NK activity, the number of NK cells, and the
expression of intracellular perforin and granzyme A/B in male subjects. In addition, essential oils
derived from various plants have neuroprotective effects against neurodegenerative conditions in vivo
and in vitro [47]. Other studies have also shown that alcohols, acids, alkanes, phenols, and ketones are
the main aromatic volatile substances in the BF environment [48,49]. Therefore, phytoncides in BF
air may partially contribute to the increased NK activity, the number of NK cells, and expression of
intracellular perforin and granzyme A/B in subjects after a three-day BF therapy session.

Third, in addition to the phytoncides, the physical environments at BF sites that differ from the
environment at the CS may affect the benefits in participants who experienced a three-day therapy
program. A beneficial environment such as a forest, which should include diverse vegetation and
ecological components, helps improve the effect of a psychotherapeutic intervention [50,51]. In addition,
a five-senses experience from walking or staying in a forest was reported to relieve stress and thus yield
health benefits [43]. Additionally, there has been little research on the effects of physical environments
on the immune system. Exposure to high concentrations of atmospheric particulate matter, noise and
ultraviolet light for a long time is not beneficial for the immune system of humans. However, the urban
environment possesses characteristics that are unnatural, unhealthy, uncomfortable, too bright and
noisy [19]. In the present study, the absolute illumination at the BF site was significantly lower than
that at the CS location. The temperature at the BF site was close to 25 ◦C, which is a more suitable
temperature for humans than the temperatures at the CS location. The noise level at the BF sites was
significantly lower than that at the CS location. Based on our field investigation, the environment at
the BF sites was significantly different from that at the CS location in terms of absolute illumination,
temperature, noise and negative air ionization. Therefore, the physical environments in the BF may
induce psycho-physiological relaxation and immune system recovery.

Fourth, the cultural conceptions about bamboo may be an explanation for the positive effects on
psychological and physiological responses after a three-day BF therapy session. Mental health and
culture are intertwined, and culture is a great determinant of mental well-being and psycho-pathological
state. Culture also influences the cause, perception, symptomatology, course, health-seeking behavior
and treatment of mental illness [52]. Studies have demonstrated that adaptation to culturally
characterized visual environments may lead to distinct patterns of perception [53]. Bamboo culture has
a long history and is well known in East and Southeast Asia and in African countries. Bamboo-derived
objects are prevalent among people living in bamboo-growing areas, and people have developed a
special attachment to bamboo, which has developed into a bamboo culture. In our study, participants
who viewed the landscape of BF presented positive patterns of perception that were influenced by
bamboo culture.
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Evidence-based research has clarified the benefits of forest therapy on psychophysiology and
the immune system. However, the mechanism underlying the benefits in participants after a
three-day bamboo forest therapy were not clear. Actually, there are complex interactions and
exchanges of biologically active molecules between the nervous, endocrine and immune systems.
Pathways between the brain and the immune system are bidirectional [54]. Two pathways link the
brain and the immune system: the autonomic nervous system and neuroendocrine outflow via the
pituitary. The central nervous system (CNS) can communicate with the immune system following
activation of the hypothalamic–pituitary–adrenal (HPA) axis and the sympathetic nervous system (SNS).
All immunoregulatory processes take place within a neuroendocrine environment that is sensitive to
the influence of the individual’s perception of and response to events in the external world. Because
lymphocytes bear receptors for various hormones and neuropeptides, the cellular interactions that
mediate humoral and cellular immune responses can be modulated by the neuroendocrine environment
in which these immune responses occur. In addition, a striking example of CNS involvement in the
modulation of immunity is the Pavlovian response, which is a classical conditioning of antibody- and
cell-mediated immune responses [55]. Therefore, the interactions between the nervous, endocrine and
immune systems could explain the psychophysiology and the immune system responses in participants
after a three-day BF therapy session (Figure 7).
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Figure 7. The mechanism of interactions between the nervous, endocrine and immune systems in
participants after a three-day bamboo forest therapy.

Participants were stimulated by the BF environment both psychologically and physiologically.
First, the CNS, including the brainstem, had increased parasympathetic nerve activity and suppressed
sympathetic nerve activity by neuropeptides after the stimulus of BF therapy [32,56]. The effects on the
parasympathetic nervous system could include a reduction in HR, improvements in heart rate variability
and baroreflex sensitivity parameters, changes in cytokine expression, or other electrophysiological or
central modulations [57]. For forest stimuli, the resulting elevated parasympathetic nervous activity,
which is usually observed under conditions of relaxation, indicates that forest bathing may facilitate
physiological relaxation [56,58]. In the present study, the decrease in BP, HR, and score of negative
mood state may be caused by the activity of the parasympathetic nervous system. The parasympathetic
nervous system is also associated with decreases in blood levels of adrenaline, noradrenaline and
corticosterone via hormones secreted from the pituitary gland [54]. The levels of corticosterone in PBLs
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were significantly lower after the three-day BF therapy session but not after the urban program in this
study. Forest bathing trips were shown to significantly decrease urine adrenaline and noradrenaline
concentrations in males with lower stress [59]. Alternatively, neuroendocrine factors may modulate
the immune response indirectly by affecting the production of lymphokines and monokines [60].
Reports indicated that adrenaline and noradrenaline inhibit human NK activity [61,62]. In addition,
physical and/or psychological stress decreases NK activity, NK receptor levels, and mRNA transcription
levels of granzymes and perforin in mice [63]. Additionally, psychological states are related to the
immune system, such that a good psychological condition in participants enhances immunity [64].
Therefore, the improvement in the immune system may be caused by a decrease in adrenaline and
noradrenaline concentrations and a positive psychological condition. The increase in parasympathetic
nerve activity after a three-day BF therapy session resulted in low levels of adrenaline and noradrenaline
and psychological and physiological relaxation. In the urban program, no significant difference in
psychophysiological and immune system responses was found between pretest and posttest data
in participants.

5. Conclusions

A three-day BF therapy session was capable of enhancing positive mood states and reducing
negative mood states in male college students. The BP and HR of male college students were decreased,
and SpO2 was increased after a three-day BF therapy session. BF therapy significantly increased NK
activity, the number of NK cells, and the levels of perforin, granulysin, and granzymes A/B in PBLs in
male college students. In summary, a three-day BF therapy session can improve the psychological
and physiological well-being and enhance the immune functions of male college students. First,
the stimulation of BF therapy increased parasympathetic nerve activity and suppressed sympathetic
nerve activity in participants. Then, the concentrations of adrenaline, noradrenaline and corticosterone
in the PBLs of participants and stress were reduced after the increase in parasympathetic nerve activity.
Finally, a decrease in adrenaline and noradrenaline concentrations and a positive effect on psychology
may lead to an increase in NK activity, the number of NK cells, and the levels of perforin, granulysin,
and granzymes A/B in PBL.

This study is the first to research the benefits of a three-day bamboo forest therapy session on the
psychophysiology and immune system responses of male college students. We gave an explanation of
the mechanism underlying the benefits in humans and the interactions between the nervous, endocrine
and immune systems in participants after a three-day bamboo forest therapy. However, the study has
limitations. A small sample size may be the limitation for the data statistics. Individual differences are
also a difficult problem to address. While the benefits of bamboo forest therapy to college students
was obvious, aromatic volatile substances (phytoncides) extracted from bamboo forests should be
tested. The inclusion of a larger number of participants in this experiment would have produced more
scientific and objective results. Further studies with larger samples, including subjects with illnesses
such as cardiovascular disease, hypertension and cancer, are warranted.

Author Contributions: Conceptualization, B.L., M.J. and Q.C.; Data curation, W.L.; Formal analysis, B.L. and D.L.;
Funding acquisition, Q.C.; Investigation, B.L., C.Z., S.X. and N.L.; Methodology, C.Z.; Project administration, B.L.,
M.J. and Q.C.; Software, C.Z. and S.X.; Supervision, D.L. and M.J.; Validation, D.L. and S.L.; Visualization, W.L.,
N.L. and S.L.; Writing–original draft, B.L.; Writing–review & editing, S.L. and Q.C.

Funding: National Key R&D Program of China (No. 2018YFD0600105).

Acknowledgments: This study was financially supported by the National Key R&D Program of China
(No. 2018YFD0600105). We thank the professional editing service company (American Journal Experts) for
their assistance in reviewing the English language of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.



Int. J. Environ. Res. Public Health 2019, 16, 4991 16 of 18

References

1. Lee, I.; Choi, H.; Bang, K.; Kim, S.; Song, M.; Lee, B. Effects of forest therapy on depressive symptoms among
adults: A systematic review. Int. J. Environ. Res. Public Health 2017, 14, 321. [CrossRef] [PubMed]

2. Staats, H.; Jahncke, H.; Herzog, T.R.; Hartig, T. Urban options for psychological restoration: Common
strategies in everyday situations. PLoS ONE 2016, 11, e0146213. [CrossRef] [PubMed]

3. Yu, C.P.; Lin, C.M.; Tsai, M.J.; Tsai, Y.C.; Chen, C.Y. Effects of short forest bathing program on autonomic
nervous system activity and mood states in middle-aged and elderly individuals. Int. J. Environ. Res.
Public Health 2017, 14, 897. [CrossRef] [PubMed]

4. Sifferlin, A. The healing power of nature. Time 2016, 7, 23–26.
5. Lu, R.S. World Health Report of 2007. J. Med. Inform. 2007, 6, 637–638.
6. Eisenberg, D.; Gollust, S.E.; Golberstein, E.; Hefner, J.L. Prevalence and correlates of depression, anxiety, and

suicidality among university students. Am. J. Orthopsychiatr. 2007, 77, 534–542. [CrossRef]
7. Regehr, C.; Glancy, D.; Pitts, A. Interventions to reduce stress in university students: A review and

meta-analysis. J. Affect. Disord. 2013, 148, 1–11. [CrossRef]
8. Frumkin, H. Beyond toxicity human health and the natural environment. Am. J. Prev. Med. 2001, 20, 234–240.

[CrossRef]
9. UN-Habitat. State of the World’s Cities: Bridging the Urban Divide. Available online: http://www.unhabitat.

org/documents/SOWC10/R7.pdf (accessed on 1 June 2011).
10. Williams, F. This is your brain on nature. Natl. Geogr. 2016, 229, 48–69.
11. Hartig, T.; Evans, G.W.; Jamner, L.D.; Davis, D.S.; Gärling, T. Tracking restoration in natural and urban field

settings. J. Environ. Psychol. 2003, 23, 109–123. [CrossRef]
12. Laumann, K.; Gärling, T.; Stormark, K.M. Selective attention and heart rate responses to natural and urban

environments. J. Environ. Psychol. 2003, 23, 125–134. [CrossRef]
13. Morita, E.; Fukuda, S.; Nagano, J.; Hamajima, N.; Yamamoto, H.; Iwai, Y.; Nakashima, T.; Ohira, H.;

Shirakawa, T. Psychological effects of forest environments on healthy adults: Shinrin-yoku (forest-air bathing,
walking) as a possible method of stress reduction. Public Health 2007, 121, 54–63. [CrossRef] [PubMed]

14. Berg, A.E.; Maas, J.; Verheij, R.A.; Groenewegen, P.P. Green space as a buffer between stressful life events and
health. Soc. Sci. Med. 2010, 70, 1203–1210. [CrossRef] [PubMed]

15. Horiuchi, M.; Endo, J.; Takayama, N.; Murase, K.; Nishiyama, N.; Saito, H.; Fujiwara, A. Impact of viewing
vs. Not viewing a real forest on physiological and psychological responses in the same setting. Int. J. Environ.
Res. Public Health 2014, 11, 10883–10901. [CrossRef] [PubMed]

16. Karjalainen, E.; Sarjala, T.; Raitio, H. Promoting human health through forests: Overview and major
challenges. Environ. Health Prev. Med. 2010, 15, 1–8. [CrossRef]

17. Park, B.J.; Tsunetsugu, Y.; Kasetani, T.; Kagawa, T.; Miyazaki, Y. The physiological effects of Shinrin-yoku
(taking in the forest atmosphere or forest bathing): Evidence from field experiments in 24 forests across
Japan. Environ. Health Prev. Med. 2010, 15, 18–26. [CrossRef]

18. Tsunetsugu, Y.; Park, B.J.; Ishii, H.; Hirano, H.; Kagawa, T.; Miyazaki, Y. Physiological effects of Shinrin-yoku
(taking in the atmosphere of the forest) in an old-growth broadleaf forest in Yamagata Prefecture, Japan.
J. Physiol. Anthropol. 2007, 26, 135–142. [CrossRef]

19. Song, C.; Lee, J.; Ikei, H.; Kagawa, T.; Miyazaki, Y.; Park, B.-J. Physiological and psychological effects of
walking around and viewing a lake in a forest environment. J. Korean For. Soc. 2015, 104, 140–149. [CrossRef]

20. Herzog, T.R.; Black, A.M.; Fountaine, K.A.; Knotts, D.J. Reflection and attentional recovery as two distinctive
benefits of restorative environments. J. Environ. Psychol. 1997, 17, 165–170. [CrossRef]

21. Kaplan, R. The nature of the view from home: Psychological benefits. Environ. Behav. 2001, 33, 507–542.
[CrossRef]

22. Joung, D.; Kim, G.; Choi, Y.; Lim, H.; Park, S.; Woo, J.; Park, B. The Prefrontal Cortex Activity and Psychological
Effects of Viewing Forest Landscapes in Autumn Season. Int. J. Environ. Res. Public Health 2015, 12, 7235–7243.
[CrossRef] [PubMed]

23. Lee, J.; Tsunetsugu, Y.; Takayama, N.; Park, B.J.; Li, Q.; Song, C.; Komatsu, M.; Ikei, H.; Tyrväinen, L.;
Kagawa, T.; et al. Influence of forest therapy on cardiovascular relaxation in young adults. Evid. Based
Complement Alternat. Med. 2014, 2014, 834360. [CrossRef] [PubMed]

http://dx.doi.org/10.3390/ijerph14030321
http://www.ncbi.nlm.nih.gov/pubmed/28335541
http://dx.doi.org/10.1371/journal.pone.0146213
http://www.ncbi.nlm.nih.gov/pubmed/26731272
http://dx.doi.org/10.3390/ijerph14080897
http://www.ncbi.nlm.nih.gov/pubmed/28792445
http://dx.doi.org/10.1037/0002-9432.77.4.534
http://dx.doi.org/10.1016/j.jad.2012.11.026
http://dx.doi.org/10.1016/S0749-3797(00)00317-2
http://www.unhabitat.org/documents/SOWC10/R7.pdf
http://www.unhabitat.org/documents/SOWC10/R7.pdf
http://dx.doi.org/10.1016/S0272-4944(02)00109-3
http://dx.doi.org/10.1016/S0272-4944(02)00110-X
http://dx.doi.org/10.1016/j.puhe.2006.05.024
http://www.ncbi.nlm.nih.gov/pubmed/17055544
http://dx.doi.org/10.1016/j.socscimed.2010.01.002
http://www.ncbi.nlm.nih.gov/pubmed/20163905
http://dx.doi.org/10.3390/ijerph111010883
http://www.ncbi.nlm.nih.gov/pubmed/25333924
http://dx.doi.org/10.1007/s12199-008-0069-2
http://dx.doi.org/10.1007/s12199-009-0086-9
http://dx.doi.org/10.2114/jpa2.26.135
http://dx.doi.org/10.14578/jkfs.2015.104.1.140
http://dx.doi.org/10.1006/jevp.1997.0051
http://dx.doi.org/10.1177/00139160121973115
http://dx.doi.org/10.3390/ijerph120707235
http://www.ncbi.nlm.nih.gov/pubmed/26132477
http://dx.doi.org/10.1155/2014/834360
http://www.ncbi.nlm.nih.gov/pubmed/24660018


Int. J. Environ. Res. Public Health 2019, 16, 4991 17 of 18

24. Li, Q.; Morimoto, K.; Nakadai, A.; Inagaki, H.; Katsumata, M.; Shimizu, T.; Hirata, Y.; Hirata, K.; Suzuki, H.;
Miyazaki, Y. Forest bathing enhances human natural killer activity and expression of anti-cancer proteins.
Int. J. Immunopathol. Pharmacol. 2007, 20, 3–8. [CrossRef] [PubMed]

25. Li, Q.; Morimoto, K.; Kobayashi, M.; Inagaki, H.; Katsumata, M.; Hirata, Y.; Hirata, K.; Shimizu, T.; Li, Y.;
Wakayama, Y. A forest bathing trip increases human natural killer activity and expression of anti-cancer
proteins in female subjects. J. Biol. Regul. Homeost. Agents 2008, 22, 45–55. [PubMed]

26. Li, Q.; Kobayashi, M.; Inagaki, H.; Hirata, Y.; Li, Y.; Hirata, K.; Shimizu, T.; Suzuki, H.; Katsumata, M.;
Wakayama, Y. A day trip to a forest park increases human natural killer activity and the expression
ofanti-cancer proteins in male subjects. J. Biol. Regul. Homeost. Agents 2010, 24, 157–165. [PubMed]

27. Zhou, B.Z.; Fu, M.Y.; Xie, J.Z.; Yang, X.S.; Li, Z.C. Ecological functions of bamboo forest: Research and
Application. For. Res. 2005, 16, 143–147.

28. Liu, S.L.; Yang, R.J.; Yang, R.J.; Yi, T.P.; Song, H.X.; Jiang, M.Y.; Tripathi, D.K.; Ma, M.D.; Chen, Q.B.
Differentiating Thamnocalamus Munro from Fargesia Franchet emend. Yi (Bambusoideae, Poaceae): Novel
evidence from morphological and neural-network analyses. Sci. Rep. 2017, 7, 4192. [CrossRef]

29. Zhu, B.L. Brief introduction of POMS scale and its model for China. J. Tianjin Inst. Phys. Educ. 1995, 10,
35–37.

30. McNair, D.M.; Lorr, M.; Droppleman, L.F. Profile of Mood States; Revised; EdITS/Educational and Industrial
Testing Service: San Diego, CA, USA, 1992.

31. Mao, G.X.; Cao, Y.B.; Lan, X.G.; He, Z.H.; Chen, Z.M.; Wang, Y.Z.; Hu, X.L.; Lv, Y.D.; Wang, G.F.; Yan, J.
Therapeutic effect of forest bathing on human hypertension in the elderly. J. Cardiol. 2012, 60, 495–502.
[CrossRef]

32. Tsunetsugu, Y.; Lee, J.; Park, B.J.; Tyrväinen, L.; Kagawa, T.; Miyazaki, Y. Physiological and psychological
effects of viewing urban forest landscapes assessed by multiple measurements. Landsc. Urban Plan. 2013,
113, 90–93. [CrossRef]

33. Song, C.; Ikei, H.; Kobayashi, M.; Miura, T.; Li, Q.; Kagawa, T.; Kumeda, S.; o Imai, M.; Miyazaki, Y. Effects
of viewing forest landscape on middle-aged hypertensive men. Urban For. Urban Green. 2017, 21, 247–252.
[CrossRef]

34. Han, J.W.; Choi, H.; Jeon, Y.H.; Yoon, C.H.; Woo, J.M.; Kim, W. The effects of forest therapy on coping
with chronic widespread pain: Physiological and psychological differences between participants in a forest
therapy program and a control group. Int. J. Environ. Res. Public Health 2016, 13, 255. [CrossRef] [PubMed]

35. Herberman, R.B. Natural killer cells. Ann. Rev. Med. 1986, 37, 347–352. [CrossRef] [PubMed]
36. Vivier, E.; Tomasello, E.; Baratin, M.; Walzer, T.; Ugolini, S. Functions of natural killer cells. Nat. Immunol.

2008, 9, 503–510. [CrossRef]
37. Barlozzari, T.; Leonhardt, J.; Wiltrout, R.; Herberman, R.B.; Reynolds, C.W. Direct evidence for the role of

LGL in the inhibition of experimental tumor metastases. J. Immunol. 1985, 134, 2783–2789.
38. Bukowski, J.F.; Woda, B.A.; Habu, S.; Okumura, K.; Welsh, R.M. Natural killer cell depletion enhances virus

synthesis and virus-induced hepatitis in vivo. J. Immunol. 1983, 131, 1531–1538.
39. Li, Q.; Morimoto, K.; Nakadai, A.; Qu, T.L.; Matsushima, H.; Katsumata, M.; Shimizu, T.; Inagaki, H.;

Hirata, Y.; Hirata, K.; et al. Healthy lifestyles are associated with higher levels of perforin, granulysin and
granzymes A/B-expressing cells in peripheral blood lymphocytes. Prev. Med. 2007, 44, 117–123. [CrossRef]

40. Wilson, E.O. Biophilia: The Human Bond with Other Species; Harvard University Press: Cambridge, UK, 1984.
41. Ulrich, R.S.; Addoms, D.L. Psychological and Recreational Benefits of a Residential Park. J. Leis. Res. 1981,

13, 43–65. [CrossRef]
42. Kaplan, S. Journal of the restorative benefits of nature: Towards an integrative framework. Environ. Psychol.

1995, 1, 169–182. [CrossRef]
43. Tsunetsugu, Y.; Park, B.J.; Miyazaki, Y. Trends in research related to ‘Shinrin-yoku’ (taking in the forest

atmosphere or forest bathing) in Japan. Environ. Health Prev. Med. 2010, 15, 27–37. [CrossRef]
44. Song, C.; Ikei, H.; Miyazaki, Y. Physiological Effects of Nature Therapy: A Review of the Research in Japan.

Int. J. Environ. Res. Public Health 2016, 13, 781. [CrossRef] [PubMed]
45. Jo, H.; Rodiek, S.; Fujii, E.; Miyazaki, Y.; Park, B.J.; Ann, S.W. Physiological and psychological response to

floral scent. Hortscience 2013, 48, 82–88. [CrossRef]

http://dx.doi.org/10.1177/03946320070200S202
http://www.ncbi.nlm.nih.gov/pubmed/17903349
http://www.ncbi.nlm.nih.gov/pubmed/18394317
http://www.ncbi.nlm.nih.gov/pubmed/20487629
http://dx.doi.org/10.1038/s41598-017-04613-9
http://dx.doi.org/10.1016/j.jjcc.2012.08.003
http://dx.doi.org/10.1016/j.landurbplan.2013.01.014
http://dx.doi.org/10.1016/j.ufug.2016.12.010
http://dx.doi.org/10.3390/ijerph13030255
http://www.ncbi.nlm.nih.gov/pubmed/26927141
http://dx.doi.org/10.1146/annurev.me.37.020186.002023
http://www.ncbi.nlm.nih.gov/pubmed/3518610
http://dx.doi.org/10.1038/ni1582
http://dx.doi.org/10.1016/j.ypmed.2006.08.017
http://dx.doi.org/10.1080/00222216.1981.11969466
http://dx.doi.org/10.1016/0272-4944(95)90001-2
http://dx.doi.org/10.1007/s12199-009-0091-z
http://dx.doi.org/10.3390/ijerph13080781
http://www.ncbi.nlm.nih.gov/pubmed/27527193
http://dx.doi.org/10.21273/HORTSCI.48.1.82


Int. J. Environ. Res. Public Health 2019, 16, 4991 18 of 18

46. Li, Q.; Kobayashi, M.; Wakayama, Y.; Inagaki, H.; Katsumata, M.; Hirata, Y.; Hirata, K.; Shimizu, T.;
Kawada, T.; Park, J.; et al. Effect of phytoncide from trees on human natural killer cell function. Int. J.
Immunopathol. Pharmacol. 2009, 22, 951–959. [CrossRef] [PubMed]

47. Cho, K.S.; Lim, Y.R.; Lee, K.; Lee, J.; Lee, J.H.; Lee, I.S. Terpenes from forests and human health. Toxicol. Res.
2017, 33, 97–106. [CrossRef]

48. Zhang, Y.; Tang, J. Research of aromatic volatile substances on bamboo leaves. Natl. Prod. Res. Dev. 1998, 10,
38–44.

49. Yang, P.; Liu, H.B.; Pan, J.J.; Chen, D.M. Comparative study on volatile oil composition and antibacterial
activity of bamboo leaves in different seasons. J. Nucl. Agric. Sci. 2015, 2, 313–320.

50. Kim, W.; Lim, S.; Chung, E.; Woo, J. The Effect of Cognitive Behavior Therapy-Based Psychotherapy
Applied in a Forest Environment on Physiological Changes and Remission of Major Depressive Disorder.
Psychiatry Investig. 2009, 6, 245–254. [CrossRef]

51. Stigsdotter, U.K.; Corazon, S.S.; Sidenius, U.; Refshauge, A.D.; Grahn, P. Forest design for mental health
promotion-Using perceived sensory dimensions to elicit restorative responses. Landsc. Urban Plan. 2017, 160,
1–15. [CrossRef]

52. Omigbodun, O.; Oyebode, F. Contemporary Issues in Mental Health Care in Sub-Saharan Africa; BookBuilders
Editions Africa: Port Harcourt, Nigeria, 2017; pp. 203–204.

53. Park, I.; Hong, Y. Culture and sensory response to visual stimuli. Int. J. Psychol. 2018, 53, 77–81. [CrossRef]
54. Ader, R.; Cohen, N.; Felten, D. Psychoneuroimmunology: Interactions between the nervous system and the

immune system. Lancet 1995, 345, 99–103. [CrossRef]
55. Ader, R.; Cohen, N.; Felten, D.L. The influence of conditioning on immune responses. In

Psychoneuroimmunology, 2nd ed.; Academic: New York, NY, USA, 1991; pp. 611–646.
56. Lee, J.; Park, B.J.; Tsunetsugu, Y.; Ohira, T.; Kagawa, T.; Miyazaki, Y. Effect of forest bathing on physiological

and psychological responses in young Japanese male subjects. Public Health 2011, 125, 93–100. [CrossRef]
[PubMed]

57. Olshansky, B.; Sabbah, H.N.; Hauptman, P.J.; Colucci, W.S. Parasympathetic nervous system and heart failure
pathophysiology and potential implications for therapy. Circulation 2008, 118, 863–871. [CrossRef]

58. Yamaguchi, M.; Deguchi, M.; Miyazaki, Y. The effects of exercise in forest and urban environments on
sympathetic nervous activity of normal young adults. J. Int. Med. Res. 2006, 34, 152–159. [CrossRef]

59. Li, Q.; Morimoto, K.; Kobayashi, M.; Inagaki, H.; Katsumata, M.; Hirata, Y.; Hirata, K.; Suzuki, H.; Li, Y.J.;
Wakayama, Y. Visiting a forest, but not a city, increases human natural killer activity and expression of
anti-cancer proteins. Int. J. Immunopathol. Pharmacol. 2008, 21, 117–127. [CrossRef]

60. DeRijk, R.; Berkenbosch, F. The immune–hypothalamo–pituitary–adrenal axis and autoimmunity.
Int. J. Neurosci. 1991, 59, 91–100. [CrossRef]

61. Garland, M.; Doherty, D.; Golden-Mason, L.; Fitzpatrick, P.; Walsh, N.; O’Farrelly, C. Stress-related hormonal
suppression of natural killer activity does not show menstrual cycle variations: Implications for timing of
surgery for breast cancer. Anticancer Res. 2003, 23, 2531–2535.

62. Yokota, T.; Uehara, K.; Nomoto, Y. Addition of noradrenaline to intrathecal morphine augments the
postoperative suppression of natural killer cell activity. J. Anesth. 2004, 18, 190–195. [CrossRef]

63. Li, Q.; Liang, Z.; Nakadai, A.; Kawada, T. Effect of electric foot shock and psychological stress on activities of
murine splenic natural killer and lymphokine-activated killer cells, cytotoxic T lymphocytes, natural killer
receptors and mRNA transcripts for granzymes and perforin. Stress 2005, 8, 107–116. [CrossRef]

64. Sun, X.L. The influence of psychological factors on the human immune system. J. Psychol. 1998, 2, 11–17.

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1177/039463200902200410
http://www.ncbi.nlm.nih.gov/pubmed/20074458
http://dx.doi.org/10.5487/TR.2017.33.2.097
http://dx.doi.org/10.4306/pi.2009.6.4.245
http://dx.doi.org/10.1016/j.landurbplan.2016.11.012
http://dx.doi.org/10.1002/ijop.12272
http://dx.doi.org/10.1016/S0140-6736(95)90066-7
http://dx.doi.org/10.1016/j.puhe.2010.09.005
http://www.ncbi.nlm.nih.gov/pubmed/21288543
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.760405
http://dx.doi.org/10.1177/147323000603400204
http://dx.doi.org/10.1177/039463200802100113
http://dx.doi.org/10.3109/00207459108985452
http://dx.doi.org/10.1007/s00540-004-0247-3
http://dx.doi.org/10.1080/10253890500140972
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Subjects and Experimental Sites 
	Procedures 
	Measurement 
	Psychological Indices 
	Physiological Indices 
	Immune System Indices 
	Sample Preparation 
	LDH and Cell Number Detection 
	ELISA Experiments 

	Statistical Analysis 

	Results 
	Bamboo Forest Therapy Contributes to the Regulation of Psychological Responses 
	Bamboo Forest Therapy Decreases BP in Male College Students 
	Bamboo Forest Therapy Enhances the Immune Response in Male College Students 

	Discussion 
	Conclusions 
	References

