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Abstract: In order to elucidate the impact of fortunei forest environment on overall health, the effect
of the Cryptomeria fortunei forest environment on mice was examined. Using an OFT (Open Field
Test), the behavior of mice in fortunei forest and in an indoor environment (used as a control) was
analyzed, while minor changes in climate, oxygen, and suspended particulate matter were observed
and recorded simultaneously. The results indicated that the two environments were significantly
different in regard to relative humidity, wind speed, and the oxygen content of air, while there were no
significant differences in temperature. Importantly, spontaneous activity behavioral indicators in mice
were significantly different. Mice in the Cryptomeria fortunei environment (LS group) spent less time in
the corners and near walls in comparison to mice in the indoor environment (CK group). Compared
with indoor control mice, for the mice exposed to forest environments total distance traveled, central
grid distance, frequency of movement through the central grid, frequency of standing, and body
mass significantly increased; The number of fecal grains significantly decreased. The spontaneous
activity behavioral indicators changed over time stages. In the early stages there were no differences,
but after accumulation of environmental effects in the late stages, significant differences were evident.
The above results showed that the Cryptomeria fortunei forest environment increased excitability and
cognitive ability of mice, was able to effectively alleviate anxiety, and was able to emotionally relax
and improve the appetite of the mice.

Keywords: forest environments; locomotor activity; open field test; Kunming mice; forest bathing

1. Introduction

With the enhancement of living standards in recent years, the demand for modern
healthcare has become increasingly urgent. Recent data from the World Health Organi-
zation has shown that there are approximately 150 million people worldwide living with
mental illnesses. Depression is a common and well-known mental illness, and approxi-
mately 1 million individuals commit suicide every year [1,2]. People love the forest because
of its exquisite landscape, fresh air, and comfort. Walking in the forest and breathing in
aromas released from trees is not only for recreation, but also for relaxation [3–5]. Forests
are associated with increased physical activity and decreased overweight and obesity of
urban dwellers [6–8], and people are increasingly using urban forests for health promo-
tion [1,9]. The impact of forests on health has become a topic of captivating interest in the
research world and is gradually being studied in-depth. Many experimental studies have
demonstrated that forest bathing can provide physiological and psychological benefits,
which can decrease cerebral blood flow in the prefrontal cortex; lower blood pressure,
pulse rate, and levels of salivary cortisol, along with other stress hormones; suppress
sympathetic nervous activity; and increase parasympathetic nervous activity [10–13]. Lee
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Qing at Nippon Medical School in Japan reported that enhanced human natural killer (NK)
activity and intracellular anticancer proteins as a result of forest therapy [14,15], immunity
disproportion and enhancement in proinflammatory cytokines might be linked with the
development of depression [16]. This research was the focus of much public attention, and
forest therapy became recognized as a relaxation activity. Akazawa Natural Recreation
Forest is the birthplace of Japan’s forest bathing. The primary tree species in this forest is
Japanese cedar. Related research has shown that Japanese cedar and China Cryptomeria were
similar species and had similar ecological characteristics [17]. In China, Cryptomeria fortunei
are a precious species in warm temperate and high altitude zones, and are distributed
in the provinces and regions south of the Yangtze. Cryptomeria fortunei display a straight
trunk, beautiful tree-shape, and have great ecological and aesthetic value. Additionally,
Cryptomeria bark has detoxification, insecticide, and anti-itching effects, which can be used
to treat stubborn psoriasis and burns, along with other ailments. These characteristics
make the study of Cryptomeria fortunei highly significant in regard to health benefits. Many
domestic and foreign scholars have focused on Cryptomeria resource management [18,19],
forest protection, cultivation, and biological activity of extracted essential oils, which in-
clude anti-moth [20], anti-mosquito [21], anti-termite [22] and antibacterial activity [23].
The research of Miyazaki Liang Wen has shown that Cryptomeria can release beneficial phy-
toncides, one being alpha-pinene, which is expressed in large quantities and had relaxation
and stress-relieving effects. However, there are relatively few studies focused on evaluating
the impact of natural Cryptomeria forest stands on health.

Humans are complex social animals and are affected by political, economic, environ-
mental, and other factors. Therefore, experiments based on the human subject are difficult
to carry out, and it is important to establish a simple and valid method. The open-field test
is not only simple, but it also has strong validity, being widely used for the detection of
anti-anxiety and depression medications in the pharmacology field [24]. The advantages of
the test are that animals can be easily placed into a novel environment and that their basic
behavioral parameters can be easily observed and measured [25–27]. Laboratory white
mice are mostly inbred strains with less inter-individual differences [28,29]. Their genome
sequences, physiological characteristics, and biochemical metabolism are highly similar
to those of humans. Therefore, they can serve as a valid animal model for studies on the
effects of different urban forests on human health.

In recent years, the relationship between forest and health focuses on the empirical
study of the human body in a forest environment or urban forests [30–32]. There was also
an emulation experiment of indoor controlled mice [33–35], but there were few reports
about the mice on the real forest environment. The innovation point of this study is to use a
commonly used method in clinical medicine, and the mice were in real forest environments;
then we investigated the mice spontaneous-activity change after the influence of the forest
environment and monitored forest environment factors (including air temperature, relative
humidity, wind speed, light, air oxygen concentration, air particles). The aim of this study
was to elucidate the impact of these forests on human health. Our preliminary studies
on comparative analysis of the effects of arborvitae, cedar, camphor, and Pinus bungeana
foliage volatiles on spontaneous behavior of mice under indoor conditions showed that an
open-field test was the preferred method for this research. The decision to use Kunming
mice in this study was based upon previous studies from a medical perspective. The
function of the forest in regard to health was well-investigated and provided a theoretical
basis for enhanced disease prevention and health promotion in urban residents. This study
also provided a theoretical basis and scientific support for improving mental state and
relieving stress and anxiety.

2. Materials and Methods
2.1. Experimental Animals

Twenty (10 male and 10 female) 4-week-old Kunming mice (weighing 18–24 g) were
used for the study. All animal experiments were carried out in accordance with the UK
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Animals (Scientific Procedures) Act, 1986 (amended 2013), and Shandong Analysis and Test
Center Laboratory Animal Welfare Ethics Review Committee approved the study protocol
on 1 December 2017. All efforts were made to minimize the number of animals used and
their suffering. In order to adapt to the environment, all the animals were maintained
for 3 days in laboratory before the experiment. During the adaptation period, mice were
housed in groups of five according to sex. Cages were 290 mm × 180 mm × 160 mm with
adequate food and water provided. Cages with mice were suspended from 09:00 to 15:00
in the Cryptomeria forest and indoor environments.

2.2. Simulation Box

A 31.5 cm × 13 cm × 17 cm squirrel trapping cage was adjusted by covering the
bottom of the cage with planks to prevent the spilling of mice feces. Wire was attached to
the top ends to suspend the cage (Figure 1).
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Figure 1. Indoor and outdoor simulation box. The left picture is a schematic diagram of the experi-
mental site of the control group, the middle picture is a schematic diagram of the box scale, and the
right picture is a schematic diagram of the environment of the Cryptomeria fortunei forest.

2.3. Study Area and Sites

Study sites were in Fuzhou City Qishan Forest Park, which is located southwest of
South Island town in Minhou County, Fujian Province (east longitude 119◦, north latitude
25–26◦), with an area of approximately 3587 km2. Its altitude primarily ranges from 400 to
800 m, with the highest elevation being 1010 m. The diversity of plant and animal species
is very rich, and the forest vegetation is well maintained with three structural layers (tree,
shrub, and grass). The forest coverage rate is 89.33%, with typical stands consisting of
coniferous trees, mixed broad-leaved trees, evergreen trees, and bamboo. Qishan belongs
to a pleasant, warm, and humid subtropical monsoon climate, with abundant rainfall and
a frost-free period of 326 days. It has mild climate, with an average annual temperature
of around 16~20 ◦C, average annual sunshine of 1700~1980 h, average annual rainfall of
900~2100 mm, and an average relative humidity of about 77%. This park is only 23 km
away from the Fuzhou City Center and is close to the urban main roads. Traveling from
neighboring areas in Fuzhou Qishan is very convenient and therefore the park has potential
for the development of forest bathing.

The selected Cryptomeria forest locations in Qishan Forest Park had an area of 12,000 m2

of pure forest with a canopy density of 0.9, forest age of 25 years, an average tree height
about 18.5 m, and an average tree diameter of 22 cm. The herbaceous layer consisted mainly
of ferns.

The selected indoor environment was a residential room at the Qishan Forest Park
Twin Peaks Village. The room had an area of about 20 m2, and was quiet, clean, and
odor-free.

2.4. Methods

The open field test is a widely used method in the fields of neurology, pharmacology,
behavioral pharmacology, toxicology, etc. It is a classic behavior test used to evaluate states
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of locomotor activity and anxiety because of its simple operation, data-rich nature, and
quantitative outputs for exploration behavior and anxiety [36,37]. The spontaneous activity
test indicator is used to evaluate the stimulation or inhibition of central nervous system
activity. When the central nervous system is in the excited state, the total distance in-
creases [38,39]. When the central nervous system is suppressed, the total distance decreases.
The total distance and average speed are considered the key data to reflect spontaneous
activity [40].

The Super-Maze animal behavior video analysis system was used in this study, and
it consisted mainly of cameras, computers, image acquisition, and analysis software. The
size of the open field arena was 50 cm × 50 cm × 50 cm and was made of medical-grade
organic material. The arena had a black bottom, white walls, and an open top to allow
simultaneous tracking of the spontaneous activity of 8 mice with real-time synchroniza-
tion record video and mouse activity trajectories. The automatic video analysis system
effectively eliminated the need for manual counting, thus reducing subjective errors and
differences in observations between animal groups while increasing the reliability of test
results. Automatic recording indicators included total distance traveled, distance of each
grid, average speed, latent period, rest time, the number of times entered. The open field
arena was divided into 16 grids, with grid numbers 6, 7, 10, and 11 defined as the center
area and the remaining grids defined as corner areas (Figure 2). Video cameras tracked and
recorded mice in the center area. Each test group was carried out at the same time.
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Figure 2. Sketches of the 16 grids.

Mice were randomized into treatment and control groups. Each group consisted of
5 male and 5 female mice, and the tail of each mouse was labelled with a black marker. Each
mouse was weighed before 9:00 a.m. each day and then placed in the respective simulation
box. During experimentation, 10 of these mice were placed in the outdoor simulation box
and hung in Cryptomeria forest, and 10 were hung in the indoor environment.

Experimental mice were hung for 6 h continuously (from 9:00 a.m. to 15:00 p.m.)
without food. Two groups of mice were brought back into the open field test room to
observe spontaneous behavior after 15:00 p.m. Individual tests were 5 min in duration and
persisted for 6 days. After each test, the open-field arena bottom was cleaned with 75%
alcohol to ensure that no residual urine and feces were present during the testing of other
mice and did not affect the results.

Experimentation took place in late September in the summer of 2013 when weather
was sunny and breezy. Observations were taken once every 2 h over a 6 h period (from
9:00 a.m. to 15:00 p.m.). NK5920 and TES1332A were used to measure temperature, relative
humidity, average wind speed, and light intensity at each site. A British Dustmate dust
detector was used to measure the concentration of TSP (total suspended particulate), PM10
(inhalable particles), PM2.5 (fine particulate matter), PM1 at the height of 1.2 to 1.5 m.
Sampling lasted 2 min and was repeated 3 times at each site.
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2.5. Statistical Analysis

The significance test and one-way ANOVA analysis were performed using the SPSS
18.0 software package for Windows with a significance at the 5% level. Resulting charts
were composed using Excel 2003. (LS: Representative samples of mice hanging in the stand
of Cryptomeria fortunei, CK: Representative samples of mice hanging in the room. Significant
levels: p values of <0.05 were considered statistically significant; p values of <0.01 were
considered statistically extremely significant.)

3. Results
3.1. Analysis of Spontaneous Behavioral Indicators

In this study, all the open-field tests were 5 min. The total distance and average
speeds were consistent among all tests; therefore, only the differences in the total distance
were analyzed. The results showed that the total distances of LS (Cryptomeria group)
mice were significantly higher than that of CK (the control group) mice during 6 tests
(Figure 3). The total distances of the CK group mice were 6.83%, 8.94%, 9.03%, 25.27%,
30.95%, and 31.49% less than the LS group mice, with the difference between the 2 groups
gradually increasing. Trends over the 6-day period were strongly displayed at first, but
weakened over time. ANOVA results showed that the total distance differences between
the LS group and the CK group between the 4th and 5th days of experimentation were
significant (p = 0.022, p = 0.014, respectively). The total distance differences of 2 groups on
the 6th day were highly significant (p = 0.009). This analysis showed that the Cryptomeria
forest environment had a growing influence on experimental mice. As the number of tests
increased, the differences in total distance between the two groups became increasingly
apparent. Therefore, the Cryptomeria forest environment may increase the total activity of
mice, enhancing the excitability of the central nervous system.

Sustainability 2022, 13, x FOR PEER REVIEW 5 of 17 
 

75% alcohol to ensure that no residual urine and feces were present during the testing of 

other mice and did not affect the results. 

Experimentation took place in late September in the summer of 2013 when weather 

was sunny and breezy. Observations were taken once every 2 h over a 6 h period (from 

9:00 a.m. to 15:00 p.m.). NK5920 and TES1332A were used to measure temperature, rela-

tive humidity, average wind speed, and light intensity at each site. A British Dustmate 

dust detector was used to measure the concentration of TSP (total suspended particulate), 

PM10 (inhalable particles), PM2.5 (fine particulate matter), PM1 at the height of 1.2 to 1.5 

m. Sampling lasted 2 min and was repeated 3 times at each site. 

2.5. Statistical Analysis 

The significance test and one-way ANOVA analysis were performed using the SPSS 

18.0 software package for Windows with a significance at the 5% level. Resulting charts 

were composed using Excel 2003. (LS: Representative samples of mice hanging in the 

stand of Cryptomeria fortunei, CK: Representative samples of mice hanging in the room. 

Significant levels: p values of <0.05 were considered statistically significant; p values of 

<0.01 were considered statistically extremely significant.) 

3. Results 

3.1. Analysis of Spontaneous Behavioral Indicators 

In this study, all the open-field tests were 5 min. The total distance and average 

speeds were consistent among all tests; therefore, only the differences in the total distance 

were analyzed. The results showed that the total distances of LS (Cryptomeria group) mice 

were significantly higher than that of CK (the control group) mice during 6 tests (Figure 

3). The total distances of the CK group mice were 6.83%, 8.94%, 9.03%, 25.27%, 30.95%, 

and 31.49% less than the LS group mice, with the difference between the 2 groups gradu-

ally increasing. Trends over the 6-day period were strongly displayed at first, but weak-

ened over time. ANOVA results showed that the total distance differences between the 

LS group and the CK group between the 4th and 5th days of experimentation were signif-

icant (p = 0.022, p = 0.014, respectively). The total distance differences of 2 groups on the 

6th day were highly significant (p = 0.009). This analysis showed that the Cryptomeria forest 

environment had a growing influence on experimental mice. As the number of tests in-

creased, the differences in total distance between the two groups became increasingly ap-

parent. Therefore, the Cryptomeria forest environment may increase the total activity of 

mice, enhancing the excitability of the central nervous system. 

 

Figure 3. Comparison of the total distance. LS: Representative samples of mice hanging in the stand 

of Cryptomeria fortunei; CK: Representative samples of mice hanging in the room. 

Thigmotaxis is defined as avoidance of the central region and moving in corners, 

which is the natural reaction of rodents displaying fear in a novel environment [41]. The 

Figure 3. Comparison of the total distance. LS: Representative samples of mice hanging in the stand
of Cryptomeria fortunei; CK: Representative samples of mice hanging in the room.

Thigmotaxis is defined as avoidance of the central region and moving in corners,
which is the natural reaction of rodents displaying fear in a novel environment [41]. The
study of thigmotaxis can provide in-depth fundamental research data for the study of other
anxiety symptoms [42]. A large number of clinical trials have shown that anti-anxiety drugs
could effectively reduce this avoidance in rodents [43]. In the Open Field Test (OFT), the
activity of animals in the central region or in corners can effectively reflect the desire of
animals to explore and adapt to new environments. If there is a strong desire to explore
and adapt to the environment, the anxiety level of the animals is lower [44]. The results
showed that the central grid distances of the LS group mice were significantly higher than
those of the CK group mice during 6 tests. The central grid distances of the LS group mice
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were 44.8%, 71.8%, 90.1%, 82.8%, 158%, and 28.3% higher than those of the CK group mice
(Figure 4). ANOVA results showed that the central grid distance of 2 groups on the 3rd, 4th,
and 5th days were significantly different (p = 0.028, 0.005, and 0.016, respectively). These
results showed that the mice living in the Cryptomeria stand environment increased their
exploration activity and environmental adaptability.
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Figure 4. Comparison of the central grid distance. LS: Representative samples of mice hanging in the
stand of Cryptomeria fortunei; CK: Representative samples of mice hanging in the room.

In the open analysis system, grids 6, 7, 10, and 11 were defined as the central grid.
The average frequency of movement through the central grid was calculated. ANOVA
results showed that this frequency for the two groups on the 2nd, 3rd, 4th, and 5th days
were significantly different (p = 0.04,0.046, 0.011, and 0.029, respectively). The frequency of
movement through the central grid of the LS group mice were 26.4%, 63.2%, 85.2%, 124%,
67.8%, and 30.9% higher than the CK group mice (Figure 5). The results showed that the
Cryptomeria stand environment significantly enhanced the ability of mice to explore, which
was consistent with results of the central grid distance.
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Figure 5. Comparison of frequency through the central grid. LS: Representative samples of mice
hanging in the stand of Cryptomeria fortunei; CK: Representative samples of mice hanging in the room.
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The duration of time spent in corners and near walls is often used to evaluate anxiety
in rodents [43,45]. If these activities last a long time, this indicates that the mice have
depression and anxiety tendencies. The duration of locomotor activity in corners and near
walls for the LS group mice was less than that of the CK group (Figure 6). The duration of
locomotor activity in corners and near walls of LS group mice were 2.9%, 7.1%, 3.8%, 6.6%,
6.9%, and 1.6% lower than that of the CK group mice. The duration of time in corners and
near walls of 2 groups on the 2nd, 4th, and 6th days was significantly different (p = 0.004,
0.006, and 0.009, respectively). This demonstrated that the Cryptomeria stand environment
could play an anti-depressant and anti-anxiety role in mice.
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Figure 6. Activity in the corners and walls. LS: Representative samples of mice hanging in the stand
of Cryptomeria fortunei; CK: Representative samples of mice hanging in the room.

There are many behaviors observed in open-field tests, including standing, jumping,
self-grooming and rotation. Standing implies that the mouse lifts both of its forefeet off the
floor [43]. In this study, only the times of mice standing were calculated. The results showed
that the LS group mice engaged in the standing behavior more than the CK group (Figure 7).
The standing times of the 2 groups on the 1st and 2nd days were significantly different
(p = 0.035 and 0.007, respectively). The standing times of the LS group mice were 24.3%,
41.5%, 27.3%, 13.4%, 23.1%, and 17.6% more than the CK group mice. Trends showed that
the standing times of 2 groups declined each day until the 6th day. The sudden increase in
this behavior on the last test day was due to unrelated weather factors. The city of Fuzhou
experienced rainy weather for a few days, which resulted in testing inconsistencies on the
5th and 6th days.

3.2. Analysis of Changes in Body Mass

The weights of the LS group and the CK group were 21.74 g ± 1.90 and 20.38 g ± 4.32,
respectively, after mice were randomized at the beginning of the trial. Early experiments
on the mice showed that the differences between the two groups were not significant
(p = 0.374). Trends showed that growth occurred with the increase of the testing time.
However, the growth rate of the LS group was larger than that of the CK group after the
4th day, and the weight differences between the two groups were significant (p = 0.012,
p = 0.003, p = 0.001, for the 4th, 5th, and 6th days, respectively) (Figure 8). ANOVA and
LSD multiple comparisons showed that the body mass of the LS group between the 1st and
3rd days, the 1st and 4th days, the 1st and 5th days, and the 1st and 6th days was highly
significant (p = 0.001, p = 0.000, p = 0.000, and p = 0.000, respectively). The body mass of
the LS group mice was 6.68%, 12.7%,19.3%, 23.7%, 25.2%, and 27.3% larger than the CK
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group mice. The above analysis showed that the Cryptomeria forest stand environment
could increase the appetite of mice.
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Figure 7. Comparison of the number of standing. LS: Representative samples of mice hanging in the
stand of Cryptomeria fortunei; CK: Representative samples of mice hanging in the room.
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Figure 8. Comparison of body mass changes. LS: Representative samples of mice hanging in the
stand of Cryptomeria fortunei; CK: Representative samples of mice hanging in the room.

3.3. Analysis of the Fecal Grains

The number of mice fecal grains in the simulation boxes was calculated before the
OFT, which gave total fecal grains for each group (Figure 9). When compared, the biggest
difference between the CK group and LS group was 30.1%. As the number of tests increased,
the difference in the trends of the two groups were first reduced and then stabilized.
However, the trend reduction for the LS group was to a larger extent. This may be due
to the fast changing of the LS group mice from the initial tension state to the adaptation
state. The number of fecal grains was used as a conventional indicator to reflect the level
of tension in a rodent. In the beginning of the trial, increased tension was caused by the
introduction of mice to novel environments. This tension diminished with repeated testing.
The Cryptomeria stand environment played a tension-relieving role in mice.
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Figure 9. Comparison of fecal grains. LS: Representative samples of mice hanging in the stand of
Cryptomeria fortunei; CK: Representative samples of mice hanging in the room.

3.4. Typical Trajectories

Trajectories show the areas of spontaneous mice activity during testing from a starting
position to a destination. This reflects the overall intuitive status of mice (Figure 10).
Trajectories were representative of the average level of activity for each test group. The LS
group of mice exhibited a relatively large amount of exercise and more frequent activity in
the central region, while the CK group favored the corners of the region.
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Figure 10. Comparison of trajectories of the two groups. LS group: Representative samples of mice
hanging in the stand of Cryptomeria fortunei; CK group: Representative samples of mice hanging in
the room.

When mice are in a novel environment, measured characteristics are always strong
at first but weaken over time due to decreased excitability and exploration of mice with
the increase of OFT and familiarity with the environment [46–48]. On the 6th testing day,
there was an apparent change in the variation curves of the central grid distance, frequency
of movement through the central grid, standing time, and fecal grains, which was due to
continuous rain during the 5th and 6th test days.
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The OFT is not just a simple method to monitor mouse movement. Mice mood is
affected by many internal factors and external factors. In terms of internal factors, gender,
health status, strains, and social competition due to food and water are important. In terms
of test operator factors, the crawling away of mice from the operator and the extent to
which the operator is gentle would affect the mood of mice. Because of this, the same
batch of test animals was monitored by the same operator throughout the experiment in
order to avoid the impact of such factors. In terms of external environmental factors, the
difference between the two environments was the primary cause of emotional changes in
mice. Suitable temperature, humidity, light, wind speed, high oxygen content, and low
particulate matter were key factors affecting spontaneous behavior in mice. Additionally,
maybe plant essence and negative air ion were main influencing factors. The impact
of many other environmental factors in Cryptomeria forest ecosystems on health needs
further studying.

3.5. Difference Analysis of the Environment

Average values for temperature, relative humidity, wind speed, and light intensity
were analyzed over time, showing significant variation. Temperature in the indoor envi-
ronment was higher than in the Cryptomeria forest (Figure 11A), but the trend showed a
steady rise in temperature from 9:00 a.m. to 15:00 p.m. The differences in temperature
between the two environments for each period were not significant. The range of relative
humidity in the Cryptomeria forest was relatively large in comparison to that of the indoor
environment, which changed smoothly. The differences of relative humidity between the
two environments from 9:00 a.m. to 23:00 p.m. were significant (Figure 11B). During
the trial, the wind speeds in the two environments were in a breeze state (Figure 11C).
Therefore, the effect of wind could be ignored. However, the differences in the wind speed
between the two environments in each period were significant. The differences in the light
intensity between the two sites were highly significant (Figure 11D). Light intensity in
Cryptomeria forest is affected not only by changes in solar elevation angle and azimuth,
but also by stand canopy density, community structure and species characteristics. The
illumination in the indoor environment was weak with relatively small changes, which
closely followed changes in the weather conditions. When comparing the microclimate of
the two test environments, there were significant differences in light intensity, wind speed,
and relative humidity.

The oxygen concentrations in the two environments were very different (Figure 12).
The oxygen concentration in the indoor environment was essentially unchanged from
9:00 a.m. to 15:00 p.m., but the oxygen concentration gradually increased, reaching 23.54%
at 15:00 p.m., in the Cryptomeria forest. The differences in oxygen concentrations in the two
environments at 13:00 and 15:00 were significant (p = 0.004; p = 0.000, respectively).

The analysis showed that the differences of TSP, PM10, PM2.5, and PM1 were sig-
nificant between the Cryptomeria forest and the indoor environment (Figure 13), and the
concentration of each particle in the indoor environment was higher than in the Cryptome-
ria forest. This was due to strong wind, which is conducive to the spread of particulate
matter, or else the release of volatile species from Cryptomeria could attract dust particles to
the plant.
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intensity in two kinds of environments; LS Representative the environment of Cryptomeria fortunei;
CK Representative the environment of the room.
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Figure 12. Comparison of Oxygen concentration in two kinds of environments. LS: Representative
the environment of Cryptomeria fortunei; CK: Representative the environment of the room.
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Figure 13. Comparison of Particulate matter in two kinds of environments. LS group: Representative
the environment of Cryptomeria fortunei; CK group: Representative the environment of the room.

4. Discussion

In this study, the excitability, exploratory ability, cognitive ability, and emotional state
of mice in the Cryptomeria cedar forest environment were greatly improved. The results of
the study are similar to the effect of the forest environment on the human body. Hassan et al.
found that young adults’ mood improved, and their anxiety lessened after they walked
for 15 min in a bamboo forest [49]. Bratman et al. suggested that the forest environment
influenced the surveyed participants, causing a decrease in the negative subscales of POMS
and an increase in the positive (vigor) subscale [50]. Wolf et al. found that the human
health benefits of exposure to trees and forests abound and include restorative capacities
such as stress reduction as well as improvement in clinical mental-health outcomes [51].

In addition, the difference between the control group and the experimental group in
the spontaneous activity index gradually increases with the accumulation of time. There is
evidence that even a short period spent in a forest can help people reduce stress, recover
their attentional capabilities, and shift towards more positive emotions [52–58]. Forest
bath can increase the NK cell activity, the number of NK cells and the level of anticancer
proteins in the cells, and improve the immune function of the human body, and this effect
lasts for at least 7 days [31]. It was found that short-term forest bathing (2 days) can
significantly improve people’s bad mood, significantly reduce the level of oxidative stress
and inflammatory mediators, and reduce the risk of cardiovascular disease [5]. In addition,
some scholars have carried out a 4-day forest bathing supplementary therapy for patients
with chronic heart failure. It could be observed that the brain natriuretic peptide level of the
subjects gradually decreases. Brain natriuretic peptide level is the same as inflammation
and oxidative stress, and it is a biomarker of heart failure [59]. The above shows that
the duration of each scholar’s research on the relationship between the environment and
human health is different. The impact of forests on the human body has a cumulative effect
over time. But there must be a threshold or a turning point in time. The long-term health
effects of exposure to forest environments were unclear because we only had 6 days for our
experiments. Thus, the test period should be extended in future studies.

This study was an extension of previous research [60]. Plants, including arborvitae,
cypress, camphor, cedar, and privet branches and leaves, were treated by pruning in
previous studies. The results showed that 6 kinds of tree species volatiles had a catalytic role
in improving central nervous system excitability and exploration ability in mice. However,
the role of camphor and Pinus bungeana volatiles had certain threshold concentrations that,
when exceeded, inhibited spontaneous activity of mice. The effects seen in the previous
study were obvious, but the plant material had been pruned. The type and concentration
of plant volatiles released certainly changed, and furthermore these early studies were



Sustainability 2022, 14, 59 13 of 16

carried out under indoor environment conditions. In this study, outdoor simulation was
used to explore the effect of natural stand conditions on mice. The impact on the health
of mice is not only limited to volatiles, but also to other factors in the environment, such
as air oxygen content, air particles, air negative ions, etc. There were no differences in the
concentration levels of volatiles and stand density. At present, the results could not be
evaluated quantitatively, but only analyzed qualitatively.

Depression is considered one of the most important global health challenges [61].
Depression is understood as a combination of symptoms. There are also several levels
of symptoms [62,63]. However, the exact pathogenesis is still elusive. In recent years,
many theories have been proposed, including the monoamine theory, dysfunction in
hypothalamus–pituitary–adrenal (HPA) axis hypothesis, and neurotrophic theory inflam-
matory theory [64–67]. Studies demonstrated that immune system activation played a major
role in the development of depression [68,69]. Common treatments for depression are psy-
chotherapy and antidepressants [70]. Although these two methods have been proven to be
efficient in ameliorating depressive symptoms, they also present some disadvantages—the
use of antidepressants can have secondary effects such as gastrointestinal symptoms (e.g.,
metabolic abnormalities) [71]. Specifically, this research has found encouraging results
regarding the potential of forest therapy to prevent and treat depression. Less research
has explored direct links between forest therapy and depression. The limitations of the
research method still cannot distinguish whether it is to prevent or treat depression, which
requires a certain medical foundation for more in-depth research and exploration.

5. Conclusions

The results of this study show that there were significant differences in the relative
humidity, wind speed, air oxygen content, and particulate matter between the indoor and
the Cryptomeria forest environments. Mice living in the two environments were significantly
affected in regard to excitability, cognitive ability, anti-anxiety, tension relief, and appetite.
The change of test index was slightly different at different stages with the cumulative effects
of the forest environment day by day. These results showed that the Cryptomeria fortunei
forest environment increased the excitability and cognitive ability of the mice and was also
able to effectively alleviate anxiety, emotionally relax, and improve the appetite of mice.

In this study, healthy Kunming mice were used in an OFT. A comfortable environment
could promote excitability, enhance exploratory ability, relieve tension, and regulate the
central nervous system. The development of forest bathing could play a preventive role in
human health, but does it have therapeutic functions in regard to health care? To construct
mouse models on treatment of depression and anxiety, studies on unhealthy mice living
in the forest environment are necessary. The development of techniques, professional
methods, and the medical basis of conclusions are critical for future research.
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