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BRIEF. The metabolites of lung cells exposed to phytoncide are used to treat human immune and brain cells to test for the ability of phytoncide

to improve immune and brain health in astronauts aboard spacecraft.

ABSTRACT. The aim of this research is to establish a correlation
between the inhalation of phytoncide, a natural bactericide emitted
by certain pine trees, and human immune and brain health through
its effects on the gut microbiome and other organ systems to assess
phytoncide’s ability to enhance the air on spacecraft. Through pop-
ulation measurement of three bacteria species after treatment with
phytoncide, it can be concluded that phytoncide has the capacity
to reduce the populations of opportunistic E. coli and harmful C.
bolteae. Furthermore, phytoncide inhalation does not appear to af-
fect populations of human immune cells while also changing the
immune-related gene expression. Although the results are only
part of a small data set, it can be concluded that a correlation exists
between inhalation of phytoncide and human immune health
through the gut microbiome. Phytoncide has the potential to en-
hance air on spacecraft.

INTRODUCTION.

Many scientists are studying the possibility of migration to other plan-
ets. Thus, solutions to problems in deep-space exploration are being
studied. Air in closed environments is purified to allow for easy
breathing. However, bioaerosols, biological components including
bacteria, viruses, and their metabolites present in the Earth’s air, have
been largely ignored by researchers in regards to spaceflight. As such,
little research on the impact of bioaerosol absence on human health,
such as decline of immune function, in closed, sterile environments
has been done [1]. Researchers have observed phytoncide’s ability to
increase the number of natural killer cells present in the human body
[2]. Research on the gut microbiome has been prevalent in recent years
for its relationship to human health. Influencing mental [3] and phys-
ical [4] health, the microbiome has become important in improving the
overall health [5][6]. These elements were investigated to see how
phytoncide could impact the gut microbiome and how resulting me-
tabolites from microbiota being exposed to phytoncide could augment
peoples’ health in artificial habitats in space.

MATERIALS AND METHODS.

1. Preparation of Media for Gut Bacteria Culture. De Man, Rogosa
and Sharpe broth (MRS), nutrient broth (NB), and Clostridium broth
(CB) were made using a broth powder dissolved and heated in distilled
water. The agar plates of the broth variants were made by adding 1.5
% of the volume of water in agar powder in terms of weight.

2. Cultivation of Gut Bacteria and Human Somatic Cells. Lactobacil-
lus reuteri, Clostridium bolteae, and Escherichia coli bacteria samples
were obtained from the Korean Collection for Type Cultures. L. reu-
teri were cultured in MRS broth medium, C. bolteae in CB medium,
and E. coli in NB medium for 48 hours.

SK-N-MC cells, a human brain cell line, were cultured in DMEM (+10
% FBS + 1x antibiotics). A549 cells, a human lung cell line, were also
cultured in the same solution. Daudi cells, a human immune cell line,

were cultured in DMEM (+20 % FBS + 1x antibiotics). All were
placed in an incubator at 37 °C and 5 % COa.

3. Treatment of gut bacteria and A549 cells with Phytoncide.

3.1. Treatment of Gut Bacteria. Various dilutions of phytoncide were
added to 15 mL conical tubes containing MRS, NB, or CB broth. Each
bacteria strain (L. reuteri, C. bolteae, and E. coli) was cultured in sep-
arate broth samples, for a total of 9 experimental conditions with dif-
ferent phytoncide dilutions for each broth type. After two days in an

incubator at 37 °C, all 27 samples were placed into a microplate to

measure the samples’ optical density for the changes in population due
to the addition of phytoncide.

3.2. Treatment of A549 Cells. 100 pL of two concentrations of diluted
phytoncide, 25% and 6.25% phytoncide by volume, were injected into
T-25 flasks, labeled for the concentrations of phytoncide injected into
them, with one T-25 flask used to cultivate the negative control A549
cells that did not receive any phytoncide treatment. After three days,
the media and the metabolites in them were extracted from each of the
flasks using a syringe filter. Given that metabolites that could impact
human health have to be expunged from the cell’s inner environment
into the outer medium, extraction of media ensured that any significant
metabolites affecting human health are also extracted.

4. Extraction of Metabolites from A549 Cells and Gut Bacteria. The
three bacteria strains, L. reuteri, C. bolteae, and E. coli, were mixed in
a 15 ml tube at a 1:1:1 ratio along with either 1 pl, 5 pl, or 10 pl of
A549 metabolite, resulting in a set of three 15 ml tubes for every phy-
toncide concentration, including the negative control, used at the A549
metabolite creation stage, with one tube of bacteria mixed in without
A549 metabolites of any kind. After mixing, the mixtures were left to
incubate at 37 °C for 4 days, after which the mixtures were transferred
to 1.5 mL tubes. After the selection streaking (see next section), all
tubes were spun in a centrifuge at 13,500 RPM for 15 minutes to form
the supernatant layer with the pellet of bacteria at the bottom. The pel-
lets were disposed while the supernatant liquids from each sample
were kept, as it now contained the metabolites of the bacteria.

5. Gut Bacteria Selection Streaking. Petri dishes were prepared to se-
lectively streak for specific bacteria and compare the sizes and num-
bers of colonies. The samples of mixed gut microbiota, before going
to the centrifuge, were streaked onto MRS agar, NA, and Clostridium
agar plates. The bacteria strains on each plate were identified using the
media they were on, and the size and number of colonies on the plates
were observed.

6. Reverse-Transcriptase Polymerase Chain Reaction (RT-PCR).

6.1. Isolation of total RNA. First, the media was taken out of the wells.
For SK-N-MC, the cells were taken off the well’s bottom with a 0.25 %
trypsin/EDTA solution, and the contents were diluted with DPBS. For
both cell strains, the cells in their media were moved to a 1.5 ml tube
and spun at 1,500 RPM for 5 minutes. The media was then removed,
leaving only the pellet. RB buffer was then added, and the contents



were homogenized in a vortex mixer. 80 % ethanol was then added
and immediately mixed with a pipette. The contents were then trans-
ferred to binding columns and collection tubes. The tubes were spun
at 12,000 RPM for 1 minute. The contents of the collection tubes were
emptied, and RWA2 buffer was added into the binding columns. The
tubes were spun at 12,000 RPM for 1 minute. The contents of the col-
lection tubes were emptied, and RWA2 buffer was added into the
binding columns. This time, the tubes were spun at 12,000 RPM for 5
minutes. After emptying the collection tubes, the tubes were spun with
nothing in the binding columns at 12,000 RPM for 2 minutes. The
contents of the collection tubes were emptied, and the collection tubes
were replaced with new 1.5 ml tubes. ER buffer solution was then
added and kept in the binding columns for 1 minute. The tubes were
spun in a centrifuge at 10,000 RPM for 1 minute to allow the cells to
elute.

6.2. cDNA synthesis. The cells” extracted RNA was put through re-
verse transcription to obtain cDNA. The RNA was transferred into ten
PCR tubes. From there, a mixture with Oligo(dT) primer to RTase to
5x buffer to water ratio of 0.5:0.2:2:2.3 was made, and 5pl of the so-
lution was added to each tube. The PCR tubes were then placed into a
thermal cycler to perform the RT process at 42 °C for 1 hour. The
contents of the PCR tubes were then transferred to 1.5 ml tubes and
distilled water was added to dilute the contents.

6.3. PCR. For PCR, the process to extrapolate gene expression in cells,
mixtures of forwards and backwards gene primers were made with
distilled water. A 30:20:20:20:2 ratio of Daudi cDNA to primer solu-
tion to dNTP to 10x buffer solution to TAQ polymerase was mixed
with enough water for the water to make up 54 % of the mixture’s
entire volume. This was run through the thermal cycler to amplify the
quantity of a section of the GAPDH. The cycle was the following: 94
°C for 30 seconds, then a cycle of 94 °C for 15 seconds, 60 °C for 15
seconds, and 72 °C for 15 seconds, moving on to 72 °C for 10 seconds,
10 °C for storage indefinitely.

The agarose gel was made by heating agarose powder and 1xTAE
buffer in a microwave until thoroughly dissolved. This was poured
into the gel electrophoresis system trays. The tubes were then removed,
and its contents were placed into a gel electrophoresis system. The
systems were run from between 25-30 minutes, depending on the
length of the protein. The agarose gel was removed from the systems
after time was up and placed under a UV illuminator in a Gel Doc, and
the results were documented.

RESULTS.

1. Effect of Phytoncide on Gut Bacteria Growth. The results of the
optical density measurements of the beneficial intestinal bacteria L.
reuteri [5] and the harmful bacteria C. bolteae [6] show insignificant
variation in optical density. However, the opportunistic bacteria E. coli
[7] optical density measurements show a negative relationship be-
tween the amount of phytoncide in the medium and the measured op-
tical density. In other words, with the addition of more phytoncide, the
optical density of the E. coli sample decreases exponentially, indicat-
ing a lower density of bacteria in the medium (Fig. 1). Thus, the addi-
tion of phytoncide appears to be able to inhibit the growth of E. coli
while maintaining the population of L. reuteri and C. bolteae.

For each respective concentration of phytoncide, the C. bolteae colo-
nies became more numerous as more A549 metabolite was added into
the media of the bacteria. However, the general trend across all groups
shows that the bacterial colonies seemed to decrease in number as phy-
toncide concentration went up within the A549 metabolites added into
the media. In E. coli colonies, colony size generally increased with
more addition of A549 metabolites as well as with greater phytoncide
concentrations within each A549 metabolite variant. Colony numbers
for E. coli did not change in a significant way for the most part. L.
reuteri colonies appeared to increase in number but remained
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Figure 1. Growth of L. reuteri, C. bolteae and E. coli after treatment with
Phytoncide
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Figure 2. Formation of gut bacteria colonies after treatment with phyton-
cide-treated A549 cell metabolite. (A, A549 cells; mb, metabolite)

relatively unchanged in their size (Fig. 2). In all, with greater presence
of phytoncide within A549 metabolites, C. bolteae colony numbers
fell, E. coli colony numbers stayed the same, and L. reuteri colony
numbers increased.

2. Effects of Gut Bacteria Metabolites Treated with Metabolites of
Phytoncide-treated A549 Cells on SK-N-MC and Daudi Cells. Based
on the individual cell counting of the samples created after treating the
Daudi cells with the intestinal flora metabolites (Fig. 3), the Daudi
cells have no significant changes in cell density with or without phy-
toncide. It is evident, however, that Daudi cell density increases by a
considerable amount, visually speaking, when bacteria metabolites are
added in greater quantity in all the sets.

3. Expression of Daudi and SK-N-MC Cell Genes After Exposure to
Metabolites. The metabolites of the intestinal flora, after treatment
with the metabolites extracted from phytoncide-treated A549 cells,
were used to treat Daudi cells. The changes in the expression of HLA-
DRA, a gene that aids in antigen presenting in immune cells [8], KLF2,
a gene that helps differentiate and maintain T-lymphocyte cells [9],
IL-B, whose overexpression contributes to the development of cancer
through pro-cancer inflammation [10], and TNF-q, a gene that serves
as an important signaling molecule for autoimmunity-associated pro-
inflammatory macrophages [11] in the treated Daudi cells were inves-
tigated.
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Figure 3. Daudi cells after treatment with gut bacteria metabolites (X, Un-
treated; B, Treated with gut bacteria metabolite; P, Phytoncide; O, Treated
cells; A, A549 cells; mb, A549 metabolite. Bars mean size bar (=100um).
A. The captured images; B. The average number of Daudi cells)

Previous studies have shown that changes in the balance of gut bacte-
ria are correlated to incidence of Alzheimer's [12] and that phytoncides
can help maintain brain health. To this end, the metabolites of gut bac-
teria treated with the metabolites of lung cells exposed to phytoncide
were used to treat SK-N-MC cells, a human neuronal cell line. Then,
the expression changes of the APP gene, which is an Alzheimer's-in-
ducing protein, was recorded.

In a 10 pL gut bacteria metabolite-present environment, the deviation
of APP gene relative band intensity does not exceed +0.11 in any of
the environmental variations in which the expression of APP in SK-
N-MC cells was measured in. In the 100 pL gut bacteria metabolite-
present environment, the deviation of APP gene relative band intensity
also does not exceed 0.18 in all measured cases in which APP expres-
sion was measured for in. The small difference in sample relative band
intensity deviation between the 10 pL gut bacteria metabolite-present
environment samples and 100 pL gut bacteria metabolite-present en-
vironment samples is despite a ten-fold increase in the amount of bac-
teria metabolite present in the environment, suggesting insignificance
in the differences of relative band intensity values between all the sam-
ples and their comparative standards.
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Figure 4. Relative gene expression of genes in Daudi cells and SK-N-MC
cells involved in regulation of immunity and brain function respectively (X,
Untreated cells; B, Cells treated with metabolite gut bacterium that have not
been treated with metabolite from A549; P, Phytoncide; O, Treated cells; A,
A549 cells; mb, metabolite from A549 cells. The band intensity of each gene
was normalized by the intensity of GAPDH, and the relative intensity was
compared with the untreated cells.)

DISCUSSION.

The rushed period in which the experimentation was performed re-
sulted in a small data set from which conclusions were drawn. As such,
the patterns observed in the cells may be more exaggerated or un-
derrepresented than in reality. A number of confounding variables
were overlooked due to a lack of time, where scale of experimentation
led to a lack of feasible repeatability for experimentation within the
allotted time given for experimentation. This led to a small data set
that unfortunately led to a lack of clear patterns to follow and thus a
deficiency of clear conclusions to take away from said experimenta-
tion. General trends were hard to read, and guaranteeing verity from a
data set that could have been skewed by unfortunate experimentation
conditions and random chance is difficult. However, the observed
changes were still likely linked to the addition of metabolites and phy-
toncide, so the conclusions in this paper should be investigated further
to test for the extent of effect. For future experimentation, a greater
focus on one aspect of this niche is advised, as the complexity of cer-
tain parts of experimentation must not be underestimated.

CONCLUSION.

In short, based on the observed decreases in E. coli and C. bolteae
populations when exposed to phytoncide in the form of decreased op-
tical density with suspended E. coli and lower colony numbers with
the C. bolteae on the petri dish, it can tentatively be concluded that the
inhalation of phytoncide into the lungs and subsequent absorption into
the body’s microbiome can generally improve the health of said mi-
crobiome through reduction of opportunistic bacteria and harmful bac-
teria populations. We are currently unable to make a conclusion on the
effect of affected bacteria metabolites on the health of both immune
cells or brain cells due to inconclusive results from the cell counting
of Daudi cells, yielding no differences in cell population despite the
addition of phytoncide, and the lack of significant deviation in terms
of gene expression for SK-N-MC cells.
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