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SUMMARY:

The purpose of this paper is to identify changes in stress levels after visitation to three different
settings and to describe the methods used in identifying stress levels based on measures of
salivary cortisol, a-amylase, and a psychological self-report instrument.

ABSTRACT:

Visitation to natural environments has been linked to psychological stress reduction. Although
most stress-related research has relied on self-report formats, a growing number of studies now
incorporate biological stress-related hormones and catalysts, such as cortisol and a-amylase, to
measure levels of stress. Presented here is a protocol to examine the effects on levels of
biophysical and psychological stress following visitation to three different locations with differing
levels of nature. Biophysical and self-reported psychological stress levels are measured
immediately upon entering the selected locations and just prior to the visitors leaving the site.
Using a “drool” method, the biophysical measure consists of 1-2 mL samples of saliva provided
by study subjects upon entry to one of three study locations. As prescribed by extant literature,
the saliva is collected within a 45 minute time frame following the end of the visitor’s engagement
at the location. Following saliva collection, the samples are labeled and transported to a
biological lab. Cortisol is the biophysical variable of interest in this study and measured using an
ELISA process with a TECAN plate reader. To measure self-reported stress, the Perceived Stress
Questionnaire (PSQ), which reports levels of worry, tension, joy, and perceived demands. Data
are collected at all three sites in the late afternoon through early evening. When compared across
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all three settings, stress levels, as measured by both the biological markers and self-reports, are
significantly lower after visitation to the most natural setting.

INTRODUCTION:

Elevated stress levels have long been linked to many serious health conditions such as heart
disease, obesity, and psychological disorders3. A growing body of research suggests that close
proximity or visitation to natural settings such as park and non-developed landscapes can have a
remarkable effect on psychological well-being and decreased levels of stress*0. Explanations
for the effects of natural settings and stress levels have included the following: (1) natural
settings provide venues for physical activity®!? and (2) visitors to natural environments have the
ability to focus on more non-task thought processes, thereby leading to a reduction in attention
fatigue'?. To determine the effects of nature on stress reduction, this study utilizes a self-report
of psychological stress (PSQ) and two saliva-based biomarkers, cortisol and a-amylase, after
visitation to three different recreation sites. These locations vary among their levels of
“naturalness” and include a wilderness-type setting, municipal park, and local fitness and
recreation facility.

This study aims to address the following research questions: (RQ1) Are there differences in levels
of biophysical stress measured by salivary cortisol and a-amylase when compared across all three
sites (i.e., natural, semi-natural, built)? (RQz) Are there differences in levels of psychological
stress measured by the PSQ (manifested by four constructs: demands, worries, tension, and joy)
when compared across all three sites (i.e., natural, semi-natural, built)?

PROTOCOL:

This study follows the policies and guidelines of Human Research Protection Program of Indiana
University Institutional Review Board.

1. Location selection
1.1. Select the number of sites (n) based on different levels of nature.

NOTE: We chose three sites for our work. Using a continuum based on levels of “naturalness”,
Site A was considered the most natural and is comprised of approximately 1,200 acres of wooded
ridges bordering a lake and set within a deciduous forest. The most common activities include
walking and wildlife watching. Site B was a 33-acre municipal park featuring walking paths, places
for gatherings, playgrounds, and open field space for causal recreational activities. Site C was an
urban, indoor exercise facility with the lowest level of naturalness. All three sites are in relatively
close proximity to a medium-size city (estimated population of 46,000 people) in the midwestern
United States.
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2. Participant screening and preparation
2.1. Complete participant recruitment before subjects engage in recreational experiences.

NOTE: For Sites A and B, subjects were approached by the researcher in the parking lot of the
park entrance. For Site C, subjects were approached at the front desk of the indoor exercise
facility. To control for differences in activity type, subjects recruited for both Sites A and B were
predominately hiking, while for Site C the primary activity was running or walking on the indoor
track.

2.2. During recruitment, remind subjects to comply with the guidelines related to collecting
salivary cortisol samples. They must not eat or drink 10 min before providing saliva samples.

NOTE: It should be noted that in this case, the saliva samples were not normalized for volume or
dilution (concentration) — i.e. whether the participants were adequately hydrated and/or did
hydration change between the sample collections.

2.3. Give red armbands (or equivalently noticeable clothing) to each participant to allow for easy
identification when emerging at the end of their engagements.

2.4. Assign a 30—40 min time allotment so that all subjects across the three sites spend a similar
amount of time in each site. Exclude subjects who spend substantially more or less time than the
rest of the sample.

2.5. Keep the type of activity engaged consistent.

NOTE: In this case, the “medium” activity was walking or hiking. Subjects who engaged in
activities substantially different from walking or hiking were excluded from the sample. For
example, subjects who were fishing, picnicking, or weight lifting were not included in the
respective samples.

3. Conditions and experimental design
3.1. Use a quasi-experimental pre-test/post-test design.

3.2. After identifying subjects and upon their agreeing to participate, ask each subject to read
and sign an IRB form explaining the voluntary nature, purpose, and procedures of the study.

3.3. Following this process, give subjects a piece of clothing (e.g., red armband) for future
identification and obtain physiological and psychological measures of stress levels (i.e., PSQ, 1-2
mL of saliva that is spit or drooled into a test tube). Collect samples from the late afternoon to
early evening.

NOTE: These data were collected by researchers both 1) just before subjects entered the site and
2) immediately upon ending visitation to the site.
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4. Saliva samples

4.1. To avoid sample dilution, ask subjects not to eat, drink, or rinse mouths 10 min before
providing saliva samples.

4.2. Ask subjects to provide 1-2 mL saliva samples (excluding foam) just prior to the recreational
experience and immediately following conclusion of the experience.

4.3. Collect saliva samples using a passive drool method:

4.3.1. Provide subjects with a 2 in plastic drinking straw to drool into a 2 mL cryovial (see Table
of Materials).

4.3.2. Instruct subjects to allow saliva to pool in their mouths, then drool down the straw and
into the cryovial. According to the Saliva Collection and Handling Advice (2011), 1 mL (excluding
foam) is adequate for most tests.

4.3.3. Label samples with an assigned 3-digit ID number (i.e., 001) and letter to indicate the
timing of data collection (i.e., A represents pre-test, B represents post-test; where 001A
represents the saliva sample provided by participant 001 before conducting the recreational
experience).

4.3.4. After the sample is collected and labeled, it should then be stored frozen temporarily in a
steroid foam box full of dry ice for no more than 2 h.

4.3.5. Transport the marked samples to a laboratory and store at -80 °C until analyzed.
5. Quantification of a-amylase

NOTE: In this assay, a-amylase hydrolyzes 2-chloro-p-nitrophenyl-a-D-maltotrioside to 2-chloro-
nitrophenol and forms glucose, 2-chloro-p-nitrophenyl-a-D-maltoside, maltotriose, and glucose.
The reaction is monitored at an absorbance of 405 nm, which corresponds to a-amylase activity
in the sample. This assay demonstrates linearity between 0 and 2000 U/L.

5.1. Materials

5.1.1. Used a liquid amylase reagent set (see Table of Materials) to quantify a-amylase in saliva
samples. All reagents are provided as ready-to-use liquids and stored at 0—4 °C.

5.1.2. Use a multi-mode reader (see Table of Materials) capable of reading an optical density at
405 nm with a temperature controlled to 37 °C during the assay.

5.2. Analysis
5.2.1. Thaw the samples on ice prior to analysis.

5.2.2. Dilute samples 1:10 with 1x PBS (10 uL of saliva + 90 pL of PBS).
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5.2.3. Analyze each sample in duplicate.

5.2.4. Equilibrate the amylase reagent to 20-25 °C for at least 30 min.

5.2.5. Add 0.1 mL of amylase reagent to a 96 well microplate for each sample.
5.2.6. Pre-incubate the microplate at 37 °C for a minimum of 5 min.

5.2.7. Add 2.5 puL of the sample to the amylase reagent.

5.2.8. Take an initial reading after 60 s.

5.2.9. Continue readings every 60 s for an additional 2 min.

5.2.10. Calculate the mean absorbance difference per minute (AAbs/min).
5.3. Calculation

5.3.1. To calculate amylase activity, use the following formula:

AAbs/min* TV 1000 U

MMA = SV = LP = Ia amylase in saliva

Where AAbs/min = changes in absorbance difference per minute; TV = total assay volume (0.1025
mL); ¥1000 = conversion of U/mLto U/L; MMA = millimolar absorptivity of 2-chloro-p-nitrophenol
=12.9; SV = sample volume (0.0025 mL); and LP = light path (1 cm). Substituting gives:

AAbs/min x 0.1025 « 1000  AAbs
12.9 % 0.025 * 1.0 " min

U
* 3178 = T amylase

Therefore, multiply the AAbs/min by 3178x the dilution factor (10) to obtain amylase in U/L.

5.3.2. For samples above 2000 U/L (assay linearity) dilute further (at least 2x using PBS) and re-
assay, then multiply the a-amylase result by the additional dilution factor.

6. Quantification of cortisol

NOTE: In this assay, free cortisol is quantified in saliva using a cortisol standard curve. Standards
and diluted samples are added to a microtiter plate that is pre-coated with an antibody. A
cortisol-peroxidase conjugate is added to the wells, followed by addition of a monoclonal
antibody to cortisol. The amount of cortisol/peroxidase conjugate binding decreases as the
concentration of cortisol in the sample increases.

6.1. Materials



177
178
179

180
181
182

183

184

185

186

187

188

189

190
191

192

193

194

195

196

197

198

199

200

201

202

203

6.1.1. Use a Cortisol Enzyme Immunoassay Kit (see Table of Materials) to quantify cortisol in
saliva samples. All reagents needed to perform this assay are included in the kit. All components
of the kit are stored at 0—4 °C prior to reaching the expiration date.

6.1.2. Use a spectrophotometer able to read an optical density (OD) at 450 nm (see Table of
Materials), as well as software capable of using OD recordings from the plate reader to perform
four-parameter logistic curve (4 PLC) fitting.

6.2. Reagent preparation

6.2.1. Allow all reagents to equilibrate to 20-25 °C for a minimum of 30 min.
6.2.2. Dilute the cortisol assay buffer 1:5 using deionized water.

6.2.3. Dilute the wash buffer 1:20 using deionized water.

NOTE: Assay and wash buffers are stable for 3 months when stored at 0-4 °C.
6.3. Sample preparation

6.3.1. Thaw the samples on ice prior to analysis.

6.3.2. Dilute samples 1:10 with cortisol assay buffer (20 pL of saliva + 180 pL of buffer) and use
within 2 h of preparation.

6.4. Preparation of standards

6.4.1. Label glass test tubes #1—#7.

6.4.2. Pipet 225 uL of assay buffer into tube #1 and 125 uL of buffer into tubes #2—#7.
6.4.3. Add 25 pL of the cortisol stock solution to tube #1 and vortex.

6.4.4. Remove 125 pul of buffer from tube #1 and add it to tube #2, then vortex.
6.4.5. Repeat the serial dilutions for tubes #3—#7.

NOTE: The final cortisol concentrations of each standard is shown in Table 1.
6.4.6. Standards must be used within 2 h of preparation.

[Place Table 1 here]

6.5. Analysis

6.5.1. Use the plate layout below in Figure 1 as a guide to set up the microplate.

6.5.2. It is recommended to use a multichannel pipette for addition of reagents.
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6.5.3. Add 50 pL of samples or standards into the appropriate number of wells in the plate.
Samples and standards should be run in duplicate.

6.5.4. Add assay buffer (75 ulL) into the non-specific binding (NSB) wells.

6.5.5. Add assay buffer (50 ulL) into the maximum binding (BO) wells and zero standard (blank)
wells.

6.5.6. Add 25 L of the cortisol conjugate to each well.

6.5.7. Add 25 L of the cortisol antibody to each well, except for the NSB wells.

6.5.8. Gently tap the side of the plate to mix the reagents.

6.5.9. Cover with the plate sealer and shake at room temperature (RT) at 20-25 °C for 1 h.

6.5.10. Remove the well contents and rinse each well 4x with wash buffer (300 Ml). Tap the plate
to dry on absorbent towels between washes.

6.5.11. Add the TMB substrate to each well (100 pL).

6.5.12. Incubate the plate at 20-25 °C for 30 min without shaking.
6.5.13. Add stop solution to each well (50 pL).

6.5.14. Read the optical density in each well of the microplate at 450 nm.

6.5.15. Average the optical densities for each standard, then sample and subtract the mean
optical density for the NSB wells.

6.5.16. Calculate the % bound (B/B0) for all samples using maximum binding (B0) controls.

6.5.17. Create a standard curve using software capable of four-parameter logistic regression
curve fitting, calculated from the %B/B0 curve.

6.5.18. Multiply the result by the dilution factor (10) to obtain cortisol values in pg/mL.

6.5.19. Samples with optical densities falling above the highest standard should be further
diluted with assay buffer and re-assayed, then the result should be multiplied by the additional
dilution factor.

[Place Figure 1 here]
7. Psychological measurement (Perceived Stress Questionnaire)

7.1. Measure psychological levels of subjects using the PSQ published by Fliege et al.'3, which
includes four factors (worry, tension, tension, joy) and utilizes 20 items.
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7.2. Ask the subject to fill out the PSQ just prior to their recreational experience and immediately
following conclusion of the experience.

7.3. Tag questionnaires with a 3-digit ID number identical to each subject’s biophysiological level
of stress.

REPRESENTATIVE RESULTS:

Sample Description

Utilizing a quota sampling technique, this study recruited 35 visitors from each of the three sites.
In total, 105 subjects were recruited in this study, including 63 males and 42 females. Average
ages of visitors recruited from three different sites were 25.9 years (Site A), 37.2 years (Site B),
and 28.8 years (Site C). Frequencies of subjects’ visitation to the selected three sites were also
recorded. For Site A and Site C, the majority of subjects visited this site one to three times per
week. For subjects at Site B, their frequency of visitation was equally split between one to three
times per week and more than three times per week.

Biophysical and psychological stress indicators. Biophysical measures of cortisol and a-amylase
levels were utilized to identify changes in levels of physiological stress. Changes in psychological
stress were identified through the PSQ instrument.

Effects of Recreational Site Visitation on Cortisol Levels and a-amylase Levels

The first research question asked if there would be a difference in levels of cortisol and a-amylase
as a function of type of site (e.g., level of nature). A paired sample t-test resulted in a significant
decrease in salivary cortisol after visiting Site A (natural setting) [t31 = 3.26, p < .01, see Figure 2].
No significant changes in levels of cortisol were observed in Site B and C. When comparing
subjects changes in their cortisol levels across all three sites, the results of the ANOVA test
indicated that different sites (levels of nature) did not have an overall significant impact on
subjects changes in cortisol levels [F(2,95) = 1.86, p = 0.16] with small effect sizes (0.01-0.04).

Measurement of changes in levels of stress (pre/post visitation) using levels of a-amylase
resulted in mixed findings among the three study locations. Following the use paired sample t-
tests indicate significant increases in levels of a-amylase after visiting Site C [t34 = 2.79, p < .01.
Statistical differences were not observed after visitation to Sites A or Site B. (See Figure 3).
Analysis using ANOVA techniques indicated a main effect of location with different locations had
a significant impact on subjects changes in a-amylase levels [F(2,101)= 3.36, p < 0.05]. Using Scheffe
post-hoc analysis, a-amylase levels were significantly higher after visiting Site C when compared
with Site B. There was a lack of significant differences on levels of a-amylase when comparing
visitors to Site A and Site B, or between Site A and Site C. Effect sizes of (0.03-0.01) were found
and determined to be small.

Effects of Recreational Site Visitation on Psychological Stress Levels
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Paired sample t-tests were applied to compare pre- and post-visit of levels of psychological stress
among the three sites, respectively. As shown in Figure 4 and 5, after visitation to the three
locations, significant decreases on the factors of demands and worry (p < 0.01) were observed.
No significant changes in the factor, tension, was observed for any of the three locations. (See
Figure 6). Significant increases were reported at Sites A and Site B for the factor, joy. No
significant change was observed for visitors to Site C (see Figure 7).

To determine whether which of the three site is more efficacious in reducing subjects levels of
psychological stress, the result of ANOVA tests indicated significant differences among the three
sites (p < 0.01) with post-hoc analysis using the Scheffe’s Method, reporting significant increases
in levels of joy after visiting Site A, compared to visitors visiting Sites B and Site C. No differences
were found in changes in levels of demands, worries, and tension (p = 0.27) across three locations.

In summary, visitors to Site A (most natural) reported significant decreased levels of cortisol;
suggesting a reduction in biological stress levels. In addition, as measured by the PSQ, significant
decreases in the psychological factors of demands and worries, and a significant increase in the
level of joy were observed in visitors to Site A. Visitors to Site B (semi-natural) reported decreases
in levels of demands and worries, and an increased level of joy. C (built environment) two
decreases in level of demands and worries were reported. Interestingly, levels of a-amylase
increased significantly after visitation to Site C. Further research is warranted to examining the
influence of potential factors, such as specific activity or social surrounding, particularly on the
catalyst, a-amylase.

FIGURE LEGENDS:

Figure 1: Example plate layout.

Figure 2: Changes in levels of cortisol after visiting three different sites. This figure shows
subjects’ cortisol levels measured before and after visiting three different sites representing
different levels of nature: Sites A, B, and C. Data are presented as mean * SD in natural log scale.

Figure 3: Changes in levels of amylase after visiting three different sites. This figure shows
subjects amylase levels measured before and after visiting Sites A, B, and C. Data are presented
as mean + SD in natural log scale.

Figure 4: Changes in perceived levels of demands after visiting three different sites. This figure
shows subjects’ levels of demands decreased after visiting Sites A, B, and C. Data are presented
as mean = SD.

Figure 5: Changes in perceived levels of worries after visiting three different sites. This figure
shows subjects’ levels of worries decreased after visiting Sites A, B, and C. Data are presented as

mean * SD.

Figure 6: Changes in perceived levels of tension after visiting three different sites. This figure
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shows subjects’ levels of tension decreased after visiting Sites A, B, and C. Data are presented as
mean £ SD.

Figure 7: Changes in perceived levels of joy after visiting three different sites. This figure shows
subjects’ levels of joys increased after visiting Sites A, B, and C. Data are presented as mean + SD.

Table 1: Standard curve preparation table.
DISCUSSION:

The aim of this study is to identify potential changes in stress using biophysical and psychological
instruments following recreational visitation to three different settings with different levels of
nature. Both cortisol and a-amylase have been shown to be reliable indicators of levels of
psychological stress. The amylase assay procedure described in this study has been adapted to a
96 well format. When amylase levels in saliva are high, absorbance changes occur rapidly.
Therefore, it is critical to limit the number of samples analyzed at one time, as the number of
samples that can be analyzed at one time is limited by how quickly 2.5 pL of the sample can be
added to each well. In this study, amylase levels were measured in one column (eight reactions)
at a given time. Two principal systems are involved in the stress response, including the
hypothalamus-pituitary-adrenocortical axis (HPA) and the sympatho-adrenomedullary system
(SAM). Kirschbaum and Hellhammer!* have reported that salivary cortisol measurements are
closely correlated with serum cortisol levels and involve less hyper-stress complications
connected with blood sampling techniques. Alpha-amylase is a major salivary enzyme typically
associated with sympathetic (SAM) stimuli*> and considered to be a useful measurement tool for
evaluating the SAM system?®,

While both the biophysical and psychological measures are efficacious in detecting changes in
levels of stress, several issues are present in this study. First, there was incongruity between the
cortisol and a-amylase measurement outcomes, with differences noted at different sites. Nater
et al.'” reported that there is little evidence as to whether the HPA (cortisol) or SAM (amylase) is
predominant during psychological stress. One potential explanation was made by Takai et al.'?,
who suggested that the process by which a-amylase and cortisol enter the bloodstream with
cortisol, indicating that a more complex and lengthy system is in operation.

Another explanation of the results involves the level and saliency of stress!’. The results suggest
that acute levels of stress result in greater association between cortisol and a-amylase, and more
moderate levels of stress result in greater disassociation. In this study, the stress experienced
during recreational engagement are considered moderate at best. Thus, in studies such as the
one presented here, in which experienced stress is low to moderate, differences in measured
levels of cortisol and a-amylase should be expected.

A third variable impacting the incongruity between the cortisol and a-amylase measurements
involves issues with salivary flow rate. There is limited evidence on the relationship between
salivary flow rate, collection techniques, and stress'®. In this study, saliva is collected via
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“drooling” into a test tube. Subjects are advised not to chew gum or eat before data collection,
but how diligent they were in this study to these guidelines is unknown. Furthermore, using a
salivette device may be more effective in collecting the required amount of saliva within a
specified time. Nater et al.?® have suggested that there may be no differences in various
biochemical characteristics based on whether cups or salivettes are used.

Finally, this study uses the “drool” method of collecting saliva as described by Granger et al.?.
This method of collecting saliva has several advantages over other approaches but requires a
competent, compliant, awake, and capable participant. As such, children under the age of six or
elderly subjects are typically not considered suitable respondents. The advantages of this method
include a large sample volume that facilitates assays for multiple markers and the fact that an
unused sample can be frozen for future assays. In addition, the drool method minimizes effects
from substances used to stimulate saliva flow such as chewing gum and drink mixes.

Another method for collecting data involves the use of cotton pledgets, where the saliva is
absorbed by the pledget and expressed out of the cotton into a collection vial via centrigugation.
Shirtcliff et al.1® issued a cautionary note stating that in certain situations, filtering saliva through
cotton can cause interference in immunoassays. Other approaches include use of filter paper and
hydrocellulose microsponges?®. While each approach has specific advantages and disadvantages,
given the sample size utilized in this study, the drool sampling method was chosen.

In conclusion, an accumulating body of research from a broad spectrum of disciplines suggest
that natural environments can have positive effects on human health®?2. Typical of these types
of settings include parks, greenspaces, gardens, and forested areas. Factors associated with these
types of areas that are considered beneficial to health?? include improved air quality, heightened
opportunities for physical activity and social contact, and enhanced feelings of quality of life. For
example, Gidlow et al.?* found that while physical exercise had salutogenic effects in both natural
and urban environments, natural settings were often more effective in reducing levels of stress.

Using a multiple-method approach involving biophysical measurements of cortisol and a-amalyze
and a self-report measuring perceived levels of stress, this study provides added support for the
expanding body of literature suggesting that natural settings have beneficial effects on health-
related issues such as reducing levels of stress?>26, This study also suggests that greater levels of
nature have more pronounced potential benefits.

Several limitations exist in this study. The first is the fidelity of the biophysical data collection.
While visitors were engaged in the saliva collection during similar times, namely mid- to late-
afternoon through early evening, to account for the diurnal cycle of cortisol, researchers
attempted to identify only those who had not eaten anything less than 2 h prior to collecting
saliva. This was done via verbal questioning of when they had last ingested food. Thus, the
researchers were dependent on the truthfulness of subject responses.

Second, because of the timing of data collection, response biases may have occurred within these
samples, which may have been different if collection was done at a different time or by random
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selection. That is, subjects who visited each location in the afternoon or evening may not be
representative of potential respondents who visited at different times.

Finally, while the biophysical data were collected and processed through well-recognized
procedures, there was no measurement ascertaining chronic levels of stress. In this case, future
studies should include a cortisol measurement using hair samples or similar techniques that
determine long-term levels of stress before engagement in recreational activities at various
locations.
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Figure 2. Subjects changes in levels of cortisol after visiting three different sites
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Figure 3. Subjects changes in levels of amylase after visiting three different sites
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Figure 4. Subjects' changes in perceived levels of demands after visiting three different

sites
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Figure 6. Subjects' changes in perceived levels of tension after visiting three different Click here to access/download;Figure;Figure 6.tiff =
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Figure 7. Subjects' changes in perceived levels of joy after visiting three different sites Click here to access/download;Figure;Figure 7. tiff =
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Standard #1 #2 #3 #4 #5
Assay Buffer Volume (uL) 225 125 125 125 125
Addition Stock Std #1 #2 #3 #H4
Volume of Addition (L) 25 125 125 125 125
Final Concentration (pg/mL) 3200 1600 800 400 200
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Name of Material/ Equipment Company Catalog Number
Cortisol Enzyme Immunoassay Kit DetectX KOO03-H1
Cryogenic Labels for Cryogenic Storage Fisherbrand 5-910-A
Liqguid Amylase (CNPG3) Reagent Set Pointe Scientific A7564
Round Bottom 2mL Polypropylene Tubes Greiner Bio-One 07-000-257

Synergy Multi-Mode Microplate Reader

BioTek
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Comments/Description

The Cortisol Enzyme Immunoassay kit is designed to quantitatively measure cortisol present in dried fecal
extracts, saliva, urine, serum, plasma and culture media samples.

Unique adhesive withstands extreme temperature

For the quantitative kinetic determination of a-amylase activity in human serum.

2.0 ml U-BTM Cryo.s self standing polypropylene sterilized

It is a single-channel absorbance, fluorescence, and luminescence microplate reader that uses a dual-optics
design to perform measurements of samples in a microplate format.
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item 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:
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Item 2: Please select one of the following items:

DOpen Access

ElThe Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Articie and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JOVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed {including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JOVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video ~ Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual {for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to transiate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in ali media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

rights permitted under such statute. In such case, ail
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s}) authorize
JOVE to take steps in the Author({s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author's name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author {or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JOVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other ruies, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JOVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JOVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, eguipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages refated in any way to the submission of work to

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmiess shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other

Name:
Yun Chang

Department:
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Institution: lllinois State University

Title: Assistant Professor

Signature: %
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1. Upload an electronic version on the JoVE submission site
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in Journal of Visualized Experiments.

In this major revision, we have addressed all reviewers’ and editorial comments. Detailed responses are
prepared in a separate file (See file “Authors Responses”). The critical components and limitations of our
study have also been discussed in this revised manuscript. We believe that this manuscript is now
appropriate for publication by the Journal of Visualized Experiments.
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JOVE Reviewer(s)' Comments to Author and Authors’ Responses

Editorial Comments:

Editorial Comments

Our responses

General:

1. Please take this opportunity to thoroughly proofread the
manuscript to ensure that there are no spelling or

grammar issues.

[Author’s Response]

The authors have thoroughly proofread to ensure

there is no spelling or grammar issues.

2. Please ensure that the manuscript is formatted according to

JoVE guidelines—letter (8.5” x 11”) page size, 1-inch
margins, 12 pt Calibri font throughout, all text aligned to
the left margin, single spacing within paragraphs, and
spaces between all paragraphs and protocol

steps/substeps.

[Author’s Response]

The manuscript has been formatted according JoVE

guidelines.

4. Please include at least 6 keywords or phrases.

[Author’s Response]

The authors have updated the keywords. There are

7 keywords in our final manuscript.

5. JoVE cannot publish manuscripts containing commercial

language. This includes trademark symbols (™), registered
symbols (®), and company names before an instrument or

reagent. Please limit the use of commercial language from

your manuscript and use generic terms instead. All
commercial products should be sufficiently referenced in

the Table of Materials and Reagents.

For example: Pointe Scientific, Bio-Tek Synergy, DetectX®,

Arbor Assays

[Author’s Response]

The authors have removed all trademark symbols,
registered symbols, and company names from the
manuscript. All commercial products are

referenced in the material/equipment table.

Short Abstract:

1. Please ensure the short abstract is 10-50 words long.

[Author’s Response]

The short abstract meets the requirement of word

limits.




Protocol: [Author’s Response]

1. Please include an ethics statement before the numbered An ethics statement has been included in the

protocol steps, indicating that the protocol follows the manuscript before the numbered protocol steps

guidelines of your institution’s human research ethics (line 71-72).

committee.

2. Please ensure that all text in the protocol section is written ~ [Author’s Response]
in the imperative tense as if telling someone how to do the The protocol section meets the requirements.

technique (e.g., “Do this,” “Ensure that,” etc.). The actions

should be described in the imperative tense in complete

sentences wherever possible. Avoid usage of phrases such

as “could be,” “should be,” and “would be” throughout the

Protocol. Any text that cannot be written in the imperative

tense may be added as a “Note.” However, notes should be

concise and used sparingly. Please include all safety

procedures and use of hoods, etc.

3. There is a 10 page limit for the Protocol, but there is a 2.75 [Author’s Response]
page limit for filmable content. Please highlight 2.75 pages The filmable content has been highlighted in the
or less of the Protocol (including headers and spacing) that

revised manuscript. Please see page 3 to 5.
identifies the essential steps of the protocol for the video,

i.e., the steps that should be visualized to tell the most

cohesive story of the Protocol. Remember that non-

highlighted Protocol steps will remain in the manuscript,

and therefore will still be available to the reader.

4. For each protocol step/substep, please ensure you answer [Author’s Response]
“” ” H H H ?
the “how” question, i.e., how is the step performed? The protocol section meets the requirement.
Alternatively, add references to published material
specifying how to perform the protocol action. If revisions
cause a step to have more than 2-3 actions and 4

sentences per step, please split into separate steps or

substeps.




Figures:
1. Please cite Figure 1 in the main text.

2. Figure 2: Please use ‘mL’, not ‘ml’.

[Author’s Response]

1. Figure 1 has been cited in the main text. See line

212.

2. Figure 2 have been revised.

Discussion:

1. Please also discuss critical steps of the protocol here.

[Author’s Response]

Critical steps of the protocol have been discussed in
the discussion section. Please see page 10 (line 344-

349).

References:

1. Please do not abbreviate journal titles.

[Author’s Response]

All journal titles have been revised in the reference

list.

Reviewers’ Comments:

Reviewer #1 Comments

Our responses

Reviewer #1 Manuscript Summary:
It is not suitable for papers because the experimental
method and design are not clear (time axis of experiment,
selection of subjects, Ethics Review Committee informed
consent, control of behavior, momentum etc.), therefore

the result is unreliable.

[Author’s Response]

Thank you for your comments. The authors feel that
the critical components of this study are the way
the saliva was collected (not using the salivette) and
the process we used for recruiting (selection) and
interviewing the participants. This study followed
the guidelines of Human Research Protection

Program and approved by IRB.

Reviewer #2 Comments

Our responses

Manuscript Summary:
The manuscript is novel and interesting. The mixed

methods approach provides grounds for interesting

[Author’s Response]

Thank you for your comments. Here are our

responses toward Reviewer #2’s comments:




discussion and insights are provided for further research.

1. line 24. | suggest revising the first line of the short
abstract as | do not believe this to be the purpose of the
paper in its entirety - the purpose is also to consider the
benefits of different contexts (three study sites).

2. insert reference on page 2 to Kaplan and Talbot seminal
work in the 1980s.

3. page 11. adjust the final paragraph of the conclusion to
be two paragraphs - one that concludes on methods and
one that concludes on findings and relates them to the

substative literature.

1. The first line of the short abstract has been

revised. Please see line 25-27.

2. The reference has been added as number 10.
Please check the references in page 13. Itis also

cited in the main text (see page 2).

3. Conclusion has been revised into two paragraphs
and the findings have been related to added

literatures. Please check line 391-404.

Reviewer #3 Comments

Our responses

Manuscript Summary:

The manuscript describes a between-subjects pre-post-test
study (non-random) of change in salivary cortisol and alpha
amylase after visit to natural, semi-natural and urban

environments.

1. Did authors control for time of day? Was saliva sampled
at the same time of day between sites? How do we know
that the reduction at natural site is not just do to diurnal

pattern?

2. What biases could result from the sampling strategy -

non-random sample recruited at each site.

3. Limitations from study design are not discussed.

[Author’s Response]

Thank you for your comments. Here are our

responses to Reviewer #3’s major concerns:

1. The authors have added these limitations to the
revised manuscript to discuss the fidelity of the
biophysical data collection (see line 408-414). While
visitors were engaged in the saliva collection during
similar times, namely mid-to-late afternoon through
early evening to account for the diurnal cycle of
particularly cortisol, the researchers attempted to
identify only those potential subjects who had not
eaten anything two hours or more prior to

collecting saliva.

2. This limitation has been added to the revised

manuscript (see line 415-418). Nonsampling error




might occur due to not being able to sample

potential respondents who can at different times.

3. The authors have discussed several limitations in
the revised manuscript to discuss the fidelity of the
biophysical data collection. Please see page 12 (line

408-423 for detailed explanation).




