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ABSTRACT

Background: The gut mycobiome and the role it plays in the gut-brain axis is an area of study in its infancy. Little
is understood on how drugs might affect the mycobiome, and therefore the host. The Australian Bureau of Statistics
reported that in 2018 around 13% of Australians suffer from anxiety, and around 10% from depression. The efficacy of
treatment for these disorders is unpredictable, with just 80—40% of patients achieving remission. The gut microbiome
may have a significant role in how treatment drugs are metabolised and the effect on neurotransmitters within the host.
Interplay between the mycobiome and the microbiome may also affect treatment of these conditions.

Aim: The aims of this project are to provide a Minimum Inhibitory Concentration (MIC) of fluoxetine for two model
strains of fungi, and to find the MIC of fluoxetine for endogenous fungal strains from human faecal samples.

Method: A serial dilution assay of fluoxetine in a micropore plate was inoculated with Saccharomyces cerevisiae and
Candida albicans and incubated overnight. This assay was repeated using two human faecal sample cultures.

Results: Results demonstrate that fluoxetine inhibits ! cerevisiae at ~993 mg/L, and C. albicans at ~1100 mg/L. These
MICs are greater than the physiological concentrations of fluoxetine, which is between 63 and 270 mg/L.
Conclusion: Endogenous fungal strains are inhibited by greater concentrations of fluoxetine than physiological

concentrations found in the human gut with standard dosing.
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mediators and pathways between the gut and the central
nervous system (CNS), the enteric nervous system (ENS),
the autonomic nervous system (ANS) and the hypothalamic
pituitary adrenal axis (HPAA).>>® While the pathways between
the gut and the CNS may not be well understood, it has been
shown that changes in the gut microbiome (dysbiosis) aftect
the normal function of the CNS and may have a negative
impact on mood, and that mood disorders such as depression

and anxiety, may potentiate dysbiosis in the gut.™®

Antidepressant drugs such as fluoxetine have been shown
to have antimicrobial activity and cause dysbiosis, which
has implications in treatment efficacy.” Selective serotonin
reuptake inhibitors (SSRIs) such as fluoxetine, a class of drug
commonly used to treat anxiety and depression, inhibits the
neuronal reuptake of 5-hydroxytryptamine (5-HT), resulting
inincreased levels of serotonin and its prolonged availability at
the synapse, which alleviates the symptoms of depression.'*"
Fluoxetine is metabolised by cytochrome P450 (CYP450)
isozymes, but unlike other SSRIs has an active metabolite,
norfluoxetine, which is just as potent.'" Fluoxetine has a
half-life of 1-8 days, and norfluoxetine a half-life of 7-14
days, due to a large volume of distribution and being highly
bound to plasma proteins, meaning high concentrations of

both can reach the brain.'*'?

Theeffectof antidepressantssuchasfluoxetine on theintestinal
fungi of the gut microbiome is not yet well understood.” It is
thought that fungal strains in the gut, or the mycobiome, are
a small but essential part of the gut microbiome as they can,
among other things, synthesise and secrete neurotransmitters
similar to the bacterial component of the microbiome.® It has
been estimated that 0.1% of genes found in faecal samples are
fungal in origin.®'* However, culturing fungal isolates from
faecal samples is difficult, and for some general isolation by
culture is impossible.” While fungal diversity in the gut is low,
variability between individuals, as well as within an individual
over time, is high."” It has been demonstrated that faecal
samples from one individual at two different time points will
have a level of variability in their mycobiome much higher
than the level of variability found in their bacteriome.*'>'
Establishing a core mycobiome has been difficult because of
this time-point variability in the same individual, as well as

the mycobiome variability between individuals.'*'¢

The most prevalent fungal species found so far are yeasts, as
demonstrated in the gut mycobiome of the Human Microbiome
Project (HMP) healthy cohort,'” with Saccharomyces cerevisiae,

Malassezia restricta,and Candida albicansbeing presentin 96.8%,

88.3%, and 80.8% of samples respectively. Other yeast species
from the genera Candida, Galactomyces and Debaryomyces have
been reported, along with filamentous fungal species from the
genera Cladosporium, Aspergillus and Penicillium.>'>'° While
some of these fungal species are found as natural residents of
the human body, most fungal species are thought to become
part of the mycobiome from environmental origins and

diet. %10

It has been shown through animal studies that mycobiome
dysbiosis may be involved in the development and progression
of inflammatory diseases such as colitis and allergic airway
disease, where it was found that prolonged treatment with
antifungal drugs in wild-type mice increased the severity
of these experimentally induced diseases.* Mycobiome
dysbiosis linked to immune response has also been observed
in patients with inflammatory bowel disease (IBD), which is
persistent intestinal inflammation due to an inappropriate
immune reaction.”'* There appears to be little known about
the communication and relationships that must exist between
the components of the gut microbiome.® There also appears
to be little known about how different drugs affect the gut
mycobiome. SSRIs seem to have some antifungal activity,
however the species and strains tested were not comparable to

those more commonly found in the gut mycobiome.”"’

An interesting case study characterising the bacteriome,
mycobiome and virome of a teenager suffering from graft-
versus-host disease after a stem cell transplant adds weight
to these findings. This patient received a course of faecal
microbiota transplants (FMT) in an attempt to replace the
dysbiotic gut microbiota with microbes from a healthy donor.'”
Faecal samples from the patient after the FMT treatments
demonstrated an expansion of multiple fungal strains, but
a decrease in fungal diversity.'” The results of this study
also showed an inverse relationship between the mycobiome
diversity and the bacteriome diversity after FMT treatments."”
This shows that there is a link between the bacteria and fungi
found within the gut microbiome, and changes to the balance

held between them can have long lasting effects.

The purpose of this study is to establish how antidepressant
medications might affect the fungi present in the human gut
microbiome. This will be done by quantifying the minimum
inhibitory concentration (MIC) of fluoxetine for two model
strains of fungi, by attempting to isolate endogenous fungal
strains from human faecal samples, and by finding the MIC of

fluoxetine for these fungal strains.
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METHOD

Frozen faecal samples were provided from a previous study,
where permission was given to use the samples for future
projects. Ethics approval number for this project is HE18-017.
Three 200 mL aliquots each of potato dextrose agar (PDA)
and 1x yeast extract peptone dextrose (YPD) solid media,
and three 200 mL aliquots of 2xYPD liquid media were
prepared and sterilised. YPD is a general medium used for
the cultivation of fungal species.’* PDA solid media was made
using 7.8 g of potato dextrose agar (Oxoid) and 200 mL of
reverse osmosis (RO) water. 1xXYPD solid media was made
using 4 g of peptone (Oxoid), 2 g of yeast extract (Oxoid), 4
g/Lof glucose (Oxoid), and 4 g of agar (Oxoid), all accurately
weighed and added to 200 mL of RO water. 2xYPD liquid
media was made using 8 g peptone, 4 g yeast extract, and
8 g/L of glucose, all accurately weighed and added to 200
mL of RO water. The media was autoclaved to sterilise, then

stored for later use.

Overnight cultures of 8. cerevisiae and C. albicans (University
of New England Culture Collection) were prepared. A
1:100 dilution for each model strain was prepared to use as
inoculums using 60 pL of overnight culture in a 6 mL aliquot

of 2xYPD liquid media added to a sterile tube.

2xYPD liquid media with antibiotics was prepared at a dilution
of 100 pg/mL for ampicillin (Sigma-Aldrich), and 50 pg/
mL for chloramphenicol (Sigma-Aldrich), to inhibit bacterial
growth and select for fungal growth. Of the twelve 5 mL
2xYPD aliquots prepared, four were treated with ampicillin,
four with chloramphenicol, and four untreated as positive
controls. Faecal samples 109FS5 and 101FS5 were defrosted
and vortexed. Approximately 200 uL of each sample was
added separately to each different treated media and incubated

overnight.

PDA and 1xYPD solid media were supplemented with
ampicillin, chloramphenicol, or untreated, and poured into
sterile plates. The faecal sample overnight cultures were
diluted 1:100, 10 pL into 1 mL of 2xYPD liquid media. 100
pL of each diluted sample was spread onto two PDA plates
and two 1xYPD plates treated with respect to the samples
(ampicillin, chloramphenicol, or untreated) and incubated for

48 hours.

A 50 mL aliquot of 2x fluoxetine (Sigma-Aldrich) stock
solution was prepared. 100 mg of fluoxetine was accurately

weighed and added to a sterile tube with 50 mL of sterile RO

water.

Two 96-well microplates were prepared, one for the model
species and one for the faecal samples. A 1:2 serial dilution assay
was prepared over five series with the starting concentration
of 2000 mg/L, and a final concentration of 62.5 mg/L. Half
the plate was inoculated with 100 uL of S. cerevisiae and the
other half with C. albicans. 100 pL. of sterile 2xYPD media was
added to each well in Row H as a negative control. The plate
was covered with protective film and incubated overnight at
35 °C in the plate reader (BMG Labtech Spectrostar Nano)
with the optical density (OD), and therefore fungal growth,

detected every 2 hours during incubation.

A 1:2 serial dilution assay was prepared over seven series
with the starting concentration of 2000 mg/L, and a final
concentration of 15.6 mg/L, for the faecal samples. Half
the plate was designated to both faecal samples treated with
ampicillin, and half the plate was designated to both faecal
samples treated with chloramphenicol. Each sample was
designated 3 columns. The faecal sample overnight cultures
were diluted 1:100 in 2xYPD sterile media treated with
ampicillin or chloramphenicol at a dilution of 1:1000 with
respect to the samples. The plate was covered with protective
film and incubated overnight at 37 °C in the plate reader with
the optical density (OD) detected every 2 hours.

Data was collected from the plate reader and saved in
Microsoft® Excel. Statistical analysis was performed using
MS Excel, and GraphPad Prism software using the Lambert
and Pearson MIC template."

RESULTS

The data collected for the model fungal strains from the final
cycle at 21 hours was used to determine the mean optical
density and standard deviation in Microsoft® Excel. This
was compared to the log concentration of fluoxetine using
GraphPad and a curve fit in accordance with the MIC template
used.' The results showed that model strain S. cerevisiae has a
MIC for fluoxetine at approximately 993 mg/L (Figure 1), and
model strain C. albicans is seen to have a MIC for fluoxetine at

approximately 1100 mg/L (Figure 2).
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FIGURE 1 - The log concentration of fluoxetine and the mean
OD of S. cerevisiae after incubating for 21 hours. The MIC of
fluoxetine for S. cerevisiae is ~993 mg/L
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FIGURE 2 - The log concentration of Fluoxetine and the mean
OD of C. albicans after incubating for 21 hours. The MIC of
fluoxetine for C. albicansis ~1100 mg/L.
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According to the literature, the MIC of fluoxetine for C.
albicans species has been reported to be within a range of
156-625 mg/L and within a range of 256-512 mg/L.***!
Despite the MIC range in the literature being lower than
the results of this project, there is consistency in the fact
that C. albicans has a MIC for fluoxetine beyond the expected
physiological concentrations. Unfortunately, there is a lack of
literature showing the MIC of fluoxetine for S. cerevisiae, so
no comparison was able to be made for this fungal strain. The
results, however, also show a MIC of fluoxetine for S. cerevisiae

to be greater than the expected physiological concentrations.

The results for the model strains show a distinct curve. The
faecal samples, however, contain a multitude of unknown
microbes, and therefore the curves are not as uniform. This is
likely because the resulting colonies contain different species

of fungi within a fungal community.

While some of the faecal samples in the fluoxetine assay

yielded no significant growth, others produced a MIC curve
similar to those seen in Figure 1 and Figure 2. As seen in
Table 1, sample 101FS5 treated with ampicillin did not show
significant amounts of growth. Sample 109I'S5 treated with
ampicillin showed some growth and a MIC for fluoxetine was
able to be determined. Both samples 101FS5 and 109FS5
treated with chloramphenicol showed growth and a MIC for

fluoxetine was determined for both.

TABLE 1 - The MIC of fluoxetine for each faecal sample
(101FS5, 109FS5) treated with two antibiotics (ampicillin
and chloramphenicol).

FAECAL SAMPLE + ANTIBIOTIC MIC OF FLUOXETINE (mg/L)

101FS5 + AMPICILLIN None Determined

109FS5 + AMPICILLIN ~263.7
101FS5 + CHLORAMPHENICOL 1316
109FS5 + CHLORAMPHENICOL 584.3

Following the incubation period in the plate reader, the faecal
samples treated with chloramphenicol showed more of an
indication of microbial growth. To ascertain which class of
microbes had been isolated, the contents of some of the wells
were plated onto chloramphenicol-treated YPD agar plates
and incubated for four days at 28 °C. Uniform colonies that
seemed to be a yeast were observed on the agar plates for both
101FS5 and 109FS5, and microscope images taken (Figure
3). These will be stored in the University of New England

(UNE) culture collection for possible future identification.

A second approach was used to isolate enteric fungi from the
faecal sample overnight cultures on 1xYPD and PDA plates.
For each overnight culture, two each of 1xYPD and PDA
plates, treated with an antibiotic or left untreated, respective
to the sample, were prepared and incubated. After 24 hours,
colonies were observed that were likely to be bacterial. After
48 hours there was still no growth that could be described as

fungal.

FIGURE 3 - Yeast colonies isolated from faecal samples
101FS5 (left) and 109FS5 (right). Microscopy images courtesy
of Dr Gal Winter-Ziv.
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The observed bacterial growth was most prevalent on the
untreated plates for both faecal samples. The plates treated
with ampicillin had more colonies present than those treated
with chloramphenicol (Table 2). This suggests there could
be an inverse relationship between the presence of bacterial
growth on these spread plates, and the presence of fungal

growth in the 96-well microplate.

TABLE 2 - The presence of bacterial colonies (+) or absence
of growth (0) after incubation at 28 °C for 48 hours. No

fungal growth was observed.

SAMPLE CONTROL AMPICILLIN CHLORAMPHENICOL

109FS5 1XYPD + + + + 00

109FS5 PDA + + ++ 00

101FS5 1XYPD ++ 00 00

101FS5 PDA + + 00 00
DISCUSSION

The results of this project show that the fluoxetine MIC of
the model fungal strains S. cerevisiae and C. albicans are both
higher than the physiological concentrations of fluoxetine
found in the large intestine with standard dosing. While
the data does not support the hypothesis that fluoxetine has
a direct inhibitory effect on the mycobiome, there is some

evidence that there is an indirect inhibition.

The model strains show the effect of fluoxetine on a single
fungal strain. The faecal samples, however, contain a multitude
of unknown microbes. [t was attempted to narrow the isolates
to fungal species by adding antibiotics to the overnight
cultures and to the plates. The resulting colonies most likely
contained different species of fungi. How the faecal sample
cultures performed in the fluoxetine assay is therefore more
indicative of a fungal community, rather than the effect on a

single strain.

The initial dose of fluoxetine for most indications is 20 mg
daily, and titrated up by 10 mg every two weeks until the
drug is effective, with a maximum dose of 60 mg daily.*>*
The physiological concentrations of fluoxetine in the large
intestine following a 20-40 mg dose are between 63-270
mg/L.” However, the MIC of fluoxetine for the model fungi,
and the faecal sample cultures, is shown to be much higher

than the physiological concentration range.

The literature shows that the MIC of fluoxetine on various

strains of bacteria is much lower than that reported for fungal
strains, and well within the physiological concentration range.
As part of a broader study, the MIC of fluoxetine for 13
bacterial species was determined using a micro-well dilution
assay, along with several other SSRIs.** The fluoxetine MIC

range for these species was within the range of 4—128 mg/L.**

The antimicrobial effect of fluoxetine has been demonstrated
on two resident bacterial strains in the human gut.* Fluoxetine
was shown to completely inhibit growth of” Escherichia coli, and
to inhibit growth of Lactobacillus rhamnosus at concentrations
above 400 mg/L.** Important to note is that L. rhamnosus is
a probiotic that has been shown to improve social behaviours
and stress-induced anxiety in male mice exposed to social
defeat.”®*” Another study showed a significant decrease in
Lactobacilli species following fluoxetine treatment in male
mice, also citing the regulation of body weight as a function
of Lactobacillz®® Antimicrobial effects were also found
using the SSRI citalopram, among other different classes
of antidepressant medications, on commensal gut microbes

including C. albicans.”

Recent studies have also uncovered a synergistic effect
between SSRIs and antibiotics.”” This synergistic effect
has also been found to occur between SSRIs and antifungal
agents against drug-resistant Candida species.***"”! Using the
antifungal agent fluconazole in combination with fluoxetine,
the MIC of both drugs was decreased by at least half, and
in some cases up to 97%, depending on the Candida strains
tested with antifungal agents to treat drug-resistant fungal

infections.?*?!%!

Aside from drugs working synergistically to prevent bacterial
and fungal growth, there is the effect that bacteria and fungi
have on each other within the microbial communities of the
gut. The faecal sample isolate results of this study suggest
that the presence of bacterial growth may inhibit the growth
of enteric fungi, and vice versa. Changes in the relationship
between bacteria and fungi within the gut microbiome
following antibacterial treatment or antifungal treatment has
been reported in the literature. Broad spectrum antibiotics
have been shown to decrease anaerobic bacteria within the
gut, and have in turn promoted the growth of opportunistic
pathogenic fungi such as C. albicans.’® Another recent study
revealed that three months after being administered a 6-day
course of antibiotics, the bacteriome had mostly recovered, but
the mycobiome was now in competition with the bacteriome
rather than the mutualistic relationship seen in the baseline

sample.” Additionally, antibiotic treatment resulted in an
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increase in fungal species diversity, although temporarily.
Samples taken early post antibiotic treatment showed that less
commonly found fungal species had increased in abundance,
while fungi commonly associated with the mycobiome had
decreased in abundance.? However, this niche of less common
fungal species had not managed to successfully colonise the

gut microbiome three months post treatment.”

This study was limited to two model yeast species and
two faecal samples. Further research to obtain the MIC of
fluoxetine on other common enteric fungal species could be
a future direction. Similarly, the MIC of other SSRIs and
other classes of antidepressant medication on these fungal
strains could also be a valuable future direction for research.
Isolating and identifying enteric fungi from faecal samples,
as well as observing enteric microbial communities treated
with antidepressant medication could be another direction for

future research.

Fluoxetine has been shown to have an inhibitory effect
on fungal growth, but not at physiological concentrations
found in the gut. However, the literature demonstrates that
the MIC for fluoxetine on bacterial strains is well within
these physiological concentrations. In conclusion, the
effect fluoxetine may have on the gut mycobiome could be
secondary to, and dependent on the bacterial component of
the gut microbiome. This is supported by the literature, but
turther studies are required. There is scope for continuing
research into how fungi and bacteria behave within microbial
communities treated with fluoxetine, and how other enteric
fungal species behave when treated with antidepressant

medications.

REFERENCES

1. O'Mahony SM, Clarke G, Borre YE, Dinan TG, Cryan JF.
Serotonin, tryptophan metabolism and the brain-gut-microbiome
axis. Behav Brain Res [Internet]. 2015 [cited 2022 Jan 97;277:32-
48. Available from: https://pubmed.ncbinlm.nih.gov/25078296/
doi: 10.1016/j.bbr.2014.07.027

2. Vuotto C, Battistini L, Caltagirone C, Borsellino G.

Gut Microbiota and Disorders of the Central Nervous System.

Neuroscientist ~ [Internet].  2020;26(5-6):487-502.  Available
from: https://pubmed.ncbi.nlm.nih.gov/32441219/ doi:
10.1177/10738858420918826.

3. Dovrolis N, Kolios G, Spyrou GM, Maroulakou I.

Computational profiling of the gut-brain axis: microflora dysbiosis

insights to neurological disorders. Brief Bioinform [Internet]. 2019

[cited 2022 Jan 97;20(3):825-41. Available from: https://pubmed.
ncbinlm.nih.gov/29186317/ doi: 10.1093/bib/bbx 154

4. Wheeler ML, Limon JJ, Bar AS, Leal CA, Gargus M, Tang J,
et al. Immunological Consequences of Intestinal Fungal Dysbiosis.
Cell Host Microbe [Internet]. 2016 [cited 2022 Jan 97;19(6):865-73.
Available from: https://pubmed.ncbinlm.nih.gov/27237365/ doi:
10.1016/j.chom.2016.05.008.

5. Carabotti M, Scirocco A, Maselli MA, Severi C. The gut-brain
axis: interactions between enteric microbiota, central and enteric
nervous systems. Annals of Gastroenterology [Internet]. 2015
[cited 2022 Jan 97;28(2):203-9. Available from: https://www.ncbi.
nlm.nih.gov/pme/articles/ PMC4367209/ PMCID: PMC4367209
6. Enaud R, Vandenborght LE, Coron N, Bazin T, Prevel R,
Schaeverbeke T, et al. The Mycobiome: A Neglected Component
in the Microbiota-Gut-Brain Axis. Microorganisms [Internet].

2018 [cited 2022 Jan 97;6(1). Available from: https://www.

ncbinlm.nih.gov/pme/articles/PMC5874636/  doi: 10.3890/
microorganisms6010022
7. Liu QF, Kim HM, Lim S, Chung MJ, Lim CY, Koo BS, et al.

Effect of probiotic administration on gut microbiota and depressive
behaviors in mice. Daru [Internet’]. 2020 [cited 202 Jan 97;28(1):181-
9. Available from: https://pubmed.ncbi.nlm.nih.gov/32006344/ doi:
10.1007/540199-020-00329-w

8. Macedo D, Filho A, Soares de Sousa CN, Quevedo J,
Barichello T, Junior HVN, et al. Antidepressants, antimicrobials
or both? Gut microbiota dysbiosis in depression and possible
implications of the antimicrobial effects of antidepressant drugs for
antidepressant effectiveness. J Affect Disord [Internet]. 2017 [cited
2022 Jan 97;208:22-32. Available from: https://pubmed.ncbi.nlm.nih.
gov/27744123/ doi: 10.1016/].jad.2016.09.012

9. McGovern AS, Hamlin AS, Winter G. A review of the
antimicrobial side of antidepressants and its putative implications on
the gut microbiome. Aust N Z J Psychiatry [Internet]. 2019 [cited
2022 Jan 97;53(12):1151-66. Available from: https://pubmed.ncbi.
nlm.nih.gov/31558039/ doi: 10.1177/0004867419877954

10. Perez-Caballero L, Torres-Sanchez S, Bravo L, Mico
JA, Berrocoso E. Fluoxetine: a case history of its discovery and
preclinical development. Expert Opin Drug Discov [Internet]. 2014
[cited 2022 Jan 97;9(5):567-78. Available from: https://pubmed.ncbi.
nlm.nih.gov/24738878/ doi: 10.1517/17460441.2014.907790

11. DeVane CL. Metabolism and pharmacokinetics of selective
serotonin reuptake inhibitors. Cell Mol Neurobiol [Internet]. 1999
[cited 2022 Jan 97;19(4):44:3-66. Available from: https://pubmed.
ncbinlm.nih.gov/ 10379420/ doi: 10.1023/a:1006934807375

12. Deng Y, Zhou M, Wang J, Yao J, Yu J, Liu W, et al.
Involvement of the microbiota-gut-brain axis in chronic restraint
stress: disturbances of the kynurenine metabolic pathway in both
the gut and brain. Gut Microbes [Internet]. 2021 [cited 2022
Jan 97;13(1):1-16. Available from: https://pubmed.ncbi.nlm.nih.

doi: 10.55136/aps]128



©FAPS] | AUSTRALIAN PHARMACY STUDENTS's JOURNAL

WINTER 2022 | VoLumMmE 1, Issue 2

2ov/33535879/ doi: 10.1080/19490976.2020.1869501

18. Moraes MO, Lerner FE, Corso G, Bezerra FA, Moraes ME,
De Nucci G. Fluoxetine bioequivalence study: quantification of
fluoxetine and norfluoxetine by liquid chromatography coupled to
mass spectrometry. J Clin Pharmacol [Internet]. 1999 [cited 2022
Jan 97;39(10):1053-61. Available from: https://pubmed.ncbi.nlm.nih.
2ov/10516940/ doi: 10.1177/00912709922011827

14. Vemuri R, Shankar EM, Chieppa M, Eri R, Kavanagh K.
Beyond Just Bacteria: Functional Biomes in the Gut Ecosystem
Including Virome, Mycobiome, Archaecome and Helminths.
Microorganisms [Internet’]. 2020 [cited 2022 Jan 97;8(4). Available
from: https://pubmed.ncbi.nlm.nih.gov/822381141/ doi: 10.3390/
microorganisms80404:83

15. Nash AK, Auchtung TA, Wong MC, Smith DP, Gesell JR,
Ross MC, et al. The gut mycobiome of the Human Microbiome
Project healthy cohort. Microbiome [Internet]. 2017 [cited 2022
Jan  97;5(1):153. Available from: https://pubmed.ncbinlm.nih.
gov/29178920/ doi: 10.1186/540168-017-0373-4

16. Hallen-Adams HE, Suhr MJ. Fungi in the healthy human
gastrointestinal tract. Virulence [Internet]. 2017 ;cited 2022
Jan 97;8(8):352-8. Available from: https://pubmed.ncbinlm.nih.
gov/27736307/ doi: 10.1080/21505594.2016.1247 140

17. Zhang F, Zuo T, Yeoh YK, Cheng FWT, Liu Q, Tang W, et
al. Longitudinal dynamics of gut bacteriome, mycobiome and virome
after fecal microbiota transplantation in graft-versus-host disease.
Nat Commun [Internet]. 2021 [cited 2022 Jan 97;12(1):65. Available
from: https://pubmed.ncbi.nlm.nih.gov/38397897/ doi: 10.1038/
$41467-020-20240-X

18. Jones SE, Ho L, Rees CA, Hill JE, Nodwell JR, Elliot MA.
Streptomyces exploration is triggered by fungal interactions and
volatile signals. Elife [Internet]. 2017 [cited 2022 Jan 97;6. Available
from: https://pubmed.ncbi.nlm.nih.gov/28044982/ doi: 10.7554/
eLife.21738

19. Lambert RJ, Pearson J. Susceptibility testing: accurate
and reproducible minimum inhibitory concentration (MIC) and
non-inhibitory concentration (NIC) values. J Appl Microbiol
[Internet]. 2000 [cited 2022 Jan 97;88(5):784-90. Available from:
https://pubmed.ncbinlm.nih.gov/10792538/ doi: 10.1046/].1365-
2672.2000.01017.X

20. Oliveira AS, Gaspar CA, Palmeira-de-Oliveira R, Martinez-
de-Oliveira J, Palmeira-de-Oliveira A. Anti-Candida activity of
fluoxetine alone and combined with fluconazole: a synergistic action
against fluconazole-resistant strains. Antimicrob Agents Chemother
[Internet]. 2014 [cited 2022 Jan 97;58(7):4224-6. Available
from: https://pubmed.ncbi.nlm.nih.gov/24798281/ doi: 10.1128/
AAC.02623-13

21. Tekintas Y, Temel A, Ates A, Erac B, Metin DY, Hilmioglu
Polat S, et al. Antifungal and Antibiofilm Activities of Selective

Serotonin Reuptake Inhibitors Alone and in Combination with

Fluconazole. Turk J Pharm Sci [Internet]. 2020 [cited 2022 Jan
97;17(6):667-72.  Available from: https://pubmed.ncbinlm.nih.
gov/ 33389969/ doi: 10.4274/tjps.galenos.2019.65481

22. ¢TG. Maintenance pharmacotherapy for generalised anxiety
disorder in adults and young people. eT'G Complete 2021 [cited
2021; Available from: https://tgldcdp-tg-org-au.ezproxy.une.edu.au/
view TopicPtopicfile=generalised-anxiety-disorder&sectionld=ptgs-
CO9-s2#ptg8-c09-s2.

23. AMH. Fluoxetine. 2021 [cited 2021; Available from: https://
amhonline-amh-net-au.ezproxy.une.edu.au/chapters/psychotropic-
drugs/antidepressants/ssris/fluoxetine. [EH2 ]

24. Kalayc1 S, Demirci S, Sahin F. pAntimicrobial Properties of
Various Psychotropic Drugs Against Broad Range Microorganisms.
Curr Psychopharmacol [Internet]. 2014 [cited 2022 Jan
97;3(8):195-202.  Available from: https://www.researchgate.net/
publication/277904113_Antimicrobial_Properties_of_Various_
Psychotropic_Drugs_Against_Broad_Range_Microorganismsdoi:
10.2174/2211556004666150520230121

25. Cussotto S, Strain CR, Fouhy F, Strain RG, Peterson
VL, Clarke G, et al. Differential effects of psychotropic drugs
on microbiome composition and gastrointestinal function.
Psychopharmacology (Berl) [Internet]. 2019 [cited 2022 Jan
97;286(5):1671-85. Available from: https://pubmed.ncbi.nlm.nih.
gov/80155748/ doi: 10.1007/500218-018-5006-5.

26. Bharwani A, Mian MF, Surette MG, Bienenstock J,
Forsythe P. Oral treatment with Lactobacillus rhamnosus attenuates
behavioural deficits and immune changes in chronic social stress.
BMC Med [Internet]. 2017 [cited 2022 Jan 97;15(1):7. Available
from: https://pubmed.ncbi.nlm.nih.gov/28073366/ doi: 10.1186/
$12916-016-0771-7

27. Sherwin E, Dinan TG, Cryan JF. Recent developments
in understanding the role of the gut microbiota in brain health
and disease. Ann N 'Y Acad Sci [Internet]. 2018 [cited 2022 Jan
97;1420(1):5-25.  Available from: https://pubmed.ncbinlm.nih.
gov/28768369/ doi: 10.1111/nyas.13416

28. Lyte M, Daniels KM, Schmitz-Esser S. Fluoxetine-induced
alteration of murine gut microbial community structure: evidence for
a microbial endocrinology-based mechanism of action responsible
for fluoxetine-induced side effects. PeerJ [Internet]. 2019 [cited
2022 Jan 97;7:¢6199. Available from: https://pubmed.ncbi.nlm.nih.
gov/ 30643701/ doi: 10.7717/peer).6199.

29. Ait Chait Y, Mottawea W, Tompkins TA, Hammami R.
Unravelling the antimicrobial action of antidepressants on gut
commensal microbes. Sci Rep [Internet]. 2020 [cited 2022 Jan
97;10(1):17878.  Available from: https://pubmed.ncbi.nlm.nih.
gov/83087796/ doi: 10.1038/541598-020-74934-9

30. Li L, Kromann S, Olsen JE, Svenningsen SW, Olsen RH.
Insight into synergetic mechanisms of tetracycline and the selective

serotonin reuptake inhibitor, sertraline, in a tetracycline-resistant

doi: 10.55136/aps]128



©FAPS] | AUSTRALIAN PHARMACY STUDENTS's JOURNAL

WINTER 2022 | VoLumMmE 1, Issue 2

strain of Escherichia coli. J Antibiot (Tokyo) [Internet’]. 2017 [cited
2022 Jan 97;70(9):944-53. Available from: https://pubmed.ncbi.nlm.
nih.gov/28698674/ doi: 10.1038/ja.2017.78

31. Zhang Q, Liu I; Zeng M, Mao Y, Song Z. Drug repurposing
strategies in the development of potential antifungal agents.
Appl Microbiol Biotechnol [Internet]. 2021 [cited 2022 Jan
97;105(13):5259-79. Available from: https://pubmed.ncbi.nlm.nih.
gov/84151414/ doi: 10.1007/500253-021-11407-7

32. Sam QH, Chang MW, Chai LY. The Fungal Mycobiome
and Its Interaction with Gut Bacteria in the Host. Int J Mol Sci
[Internet]. 2017 [cited 2022 Jan 97;18(2). Available from: https://
pubmed.ncbi.nlm.nih.gov/28165395/ doi: 10.8390/1jms 18020330
38. Seelbinder B, Chen J, Brunke S, Vazquez-Uribe R, Santhaman
R, Meyer AC, et al. Antibiotics create a shift from mutualism to
competition in human gut communities with a longer-lasting
impact on fungi than bacteria. Microbiome [Internet]. 2020 [cited
2022 Jan 97;8(1):188. Available from: https://pubmed.ncbi.nlm.nih.

gov/82919472/ doi: 10.1186/540168-020-00899-6

CORRESPONDENCE

Rebecca Morgan: rfaulkns@myune.edu.au

doi: 10.55136/aps]128



