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ABSTRACT

Valeriana jatamansi is widely used in Chinese folk medicine

and contains iridoids as important active ingredients. The

brain-gut axis describes a complex bidirectional system be-

tween the central nervous system and the gastrointestinal

tract. Herein, we evaluated the antidepressant effects of total

iridoids of Valeriana jatamansi (TIV) and preliminarily investi-

gated the effects of gut microbiota on their antidepressant ef-

fects using a chronic, unpredictable mild-stress mouse model.

Mice were given 5.7, 11.4, or 22.9mg/kg TIV for 1 week.

Fluoxetine (2.6mg/kg) served as a positive control. Body

weight was measured, and behavioral tests including SPT

and TST were applied. Colon pathology was assessed through

hematoxylin-eosin staining. Additionally, levels of serotonin

(5-hydroxytryptamine, 5-HT), norepinephrine (NE), substance

P (SP) and corticotropin-releasing factor (CRF) in the hippo-

campus and colon were measured by ELISA. In addition,

16SrRNA gene sequencing was performed to explore changes

in intestinal microbiota richness and diversity. Our results

demonstrated that the model group showed significant de-

pression-like behavior, while the fluoxetine group showed im-

proved depression-like symptoms; after administration, TIV

increased body weight, sucrose solution consumption, and

ameliorated depression-like behaviors. The overall cell degen-

eration in colons also improved. In addition, TIV modulated

the levels of 5-HT, NE, SP, and CRF expression in the hippo-

campus and colon. The diversity and richness of gut microbes

increased compared to the model group. We therefore con-

clude that the antidepressant effects of TIV may be related

to gut flora structures and regulation of 5-HT, NE, SP, and

CRF in the brain and intestine.

Antidepressant Effects and Mechanisms of the Total Iridoids

of Valeriana jatamansi on the Brain-Gut Axis
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ABBREVIATIONS

5-HT serotonin

CNS central nervous system

CRF corticotropin-releasing factor

CUMS chronic unpredictable mild stress

GF germ-free

NE norepinephrine

OTUs operational taxonomic units

PCoA principal coordinate analysis

SP substance P

SPF specific-pathogen-free

SPT test

TIV total iridoids rich fraction in V. jatamansi

TIV‑H high dosage of TIV

TIV‑L low dosage of TIV

TIV‑M medium dosage of TIV

TST tail suspension test

Introduction

Valeriana jatamansi Jones, a plant in the Caprifoliaceae family was

initially recorded in the Compendium of Materia Medica [1] and is

distributed in many Asian countries [2]. V. jatamansi contains vari-

ous chemical components such as iridoids, flavonoids, alkaloids,

and volatile oils [3]. It has been reported as a psychopharmacolog-

ical agent and a natural source of valepotriates [4]. Naturally occur-

ring iridoids are among the most important active ingredients of

this species as reported by phytochemical investigations. It has

been claimed to possess sedative, neuroprotective, anticonvul-

sant, and antistress activities in various preclinical studies [5]. Anti-

depressant activities of aqueous, methanol, and aqueous-ethanol

extracts of V. jatamansi assessed by forced-swim tests and tail sus-

pension tests have also been reported [6]. Furthermore, the anti-

depressant activity of root essential oil of the V. jatamansi patchouli

alcohol chemotype has been demonstrated in acute and chronic

management studies via forced swim test [7]. Thus, many studies

have explored the antidepressant effects of different parts of

V. jatamansi. Herein we report the antidepressant effect of TIV and

explore a potential mechanism of this antidepressant effect.

Depression, also known as depressive disorder, is a chronic

mental illness that has been recognized recently by the World

Health Organization as the leading cause of disability worldwide

[8]. Clinical symptoms of depression include feelings of hopeless-

ness, long-lasting negative moods, cognitive impairment, and sui-

cidal tendencies. This mental disorder, which is highly related to

fatigue, productivity loss, and increased mortality, represents an

economic burden to public health [9]. Clinically, an estimated

30–60% of patients treated with existing antidepressants experi-

ence little or no relief from depressive symptoms [10].

The brain-gut axis describes a complex bidirectional system be-

tween the CNS and the gastrointestinal tract [11]. Gut microbiota

in the brain-gut axis profoundly influences brain processes. Re-

cently, gutmicrobiota has been recognized as a critical component

of the brain-gut axis that exerts control at multiple levels rather

than only locally in the gastrointestinal tract [12]. Thus, gut micro-

biota constitute an ecological community between the brain and

the gut that involves multiple overlapping pathways [13].

We therefore established a CUMS mouse model to investigate

the effects of TIV on symptoms associated with depression in this

model including body weight, tail suspension, and sucrose prefer-

ence. To evaluate the underlying antidepressant mechanisms of

TIV, we also compared the levels of 5-HT, NE, SP, and CRF in the

hippocampus and colon, and we evaluated fecal flora. The results

of this study may contribute to improving clinical therapeutic ef-

fects and further pharmacological studies of V. jatamansi.

Results and Discussion

Depression is a complicated mood disorder, and the occurrence of

various stressful events in life is an important cause of depression.

Novel candidates for antidepression drugs should be effectively

evaluated. In this study, the CUMS mouse model was established

tomonitor the behavior ofmice on the basis of body weight curves,

TST, and SPT. Themodel evaluation results showed that CUMSmice

displayed significant depression-like behavior (▶ Fig. 1b,c). Macro-

scopic characteristics, including the weights of all the mice sub-

jected toCUMS,were lower than those of themice in the stress-free

normal group throughout the study. Compared with those in the

CUMS model group without treatment, the mice in the 3 TIV dos-

age groups demonstrated increased weight during agent adminis-

tration (p < 0.01 or p < 0.05). In addition, the weight increase of the

fluoxetine groupwas themost significant comparedwith the CUMS

group without treatment (p < 0.01; ▶ Fig. 1a). After TIV adminis-

tration, the sucrose preference rate of the fluoxetine group was

higher, and the immobile time of the fluoxetine group lower than

that of theCUMSmodel groupwithout treatment (p < 0.01); the su-

crose preference rate of all treatment groups was increased relative

to theCUMSmodel groupwithout treatment (p < 0.01); and the im-

mobile time of the model groups without treatment was longer

than that of the treatment groups (p < 0.01;▶ Fig. 1c). Bymonitor-

ing mice behaviors via body weight curve, forced swimming, and

TST, TIV demonstrated effective antidepressant activity.

Normal colon tissue structure was observed histopatholog-

ically in the stress-free normal group. Compared with the stress-

free normal group, the CUMS model group without treatment dis-

played partial mild vacuolar degeneration, obvious atrophy of the

large intestine glands, significant reduction of the number of gob-

let cells, vacuolar degeneration of a large number of muscle cells,

and transparent cytoplasmic lesions. Compared to the CUMS

model group without treatment, no vacuoles or obvious patho-

logical changes were visible in the cytoplasm in the fluoxetine-

treated CUMS group. In the TIV-treated CUMS groups, overall cell

degeneration showed some improvement (▶ Fig. 1d). Earlier

studies have shown that chronic stress affects the course of in-

flammatory bowel disease and experimental colitis and may also

initiate intestinal inflammation in rats [14]. In pathological condi-

tions, gut microbiota can reach the mesenteric lymph nodes, de-

termining the activation of monocytes and macrophages and the

consequent production of inflammatory mediators with antibac-

terial properties, such as lysozyme [15]. After modeling by CUMS,

the depressed mice were accompanied by a certain degree of

damage to the colon. After TIV administration, the depression
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symptoms and the colon injury improved, suggesting that there is

a certain relationship between the brain and the intestine.

The hippocampus in the brain manages human learning, mem-

ory, and emotional cognition. A large number of preclinical and

clinical studies have shown that depression is associated with the

lack of monoamine neurotransmitters in the hippocampus, and

regulating monoamine concentrations can ease symptoms of de-

pression [16]. In order to study the effect of TIV on the neuro-

transmitter between brain and intestine, we mainly studied the

brain-gut peptides with double distribution of brain and intestine.

Representative brain-gut peptides in the current study included

5‑HT, CRF, SP, and NE. Our research found that 5-HT expression

in the colons of the model group significantly increased after

2 wk of TIV treatment compared with that of the normal group;

by contrast, 5-HT expression in the hippocampus significantly de-

creased (p < 0.01; ▶ Fig. 2a). This may be due to a stress-stimulat-

ed colonic injury that causes changes in intestinal microbes. Re-

search has shown that microorganisms in the gut can affect the

metabolism of tryptophan, which is a precursor of 5-HT. Micro-

organisms deplete tryptophan through the canine uric acid path-

way, thereby decreasing the amount of 5-HT and causing depres-

sion symptoms [17]. Compared with that of the CUMS model

group without treatment, 5-HT expression in the hippocampus

of TIV‑M, TIV‑H, and fluoxetine groups significantly increased

(p < 0.01). After administration, TIV may regulate the level of

5‑HT by improving the structure of the intestinal flora.

As shown in ▶ Fig. 2b, in the CUMS model group (p < 0.05), NE

expression in the hippocampus significantly decreased, whereas

that in the colon significantly increased, compared with that in

the stress-free normal group. NE expression in the hippocampus

of the TIV‑H group significantly increased (p < 0.01) compared

with that of the CUMS model group without treatments.

The expression levels of SP in the hippocampus and colon are

shown in ▶ Fig. 2c. After TIV treatment, SP expression signifi-

cantly increased in the hippocampus and significantly decreased

in the colon of the CUMS model group without treatment com-

pared with that in the stress-free normal group (p < 0.01). SP

expression in the hippocampus of the medium-dose and high-

dose TIV groups significantly decreased (p < 0.01) compared with

that in the CUMS model group without treatment. SP expression

in the colon of the fluoxetine group significantly decreased

(p < 0.01). SP plays a corresponding physiological role in the CNS

and the digestive system. It can stimulate and accelerate gastro-

intestinal motility, reduce bile secretion, and possess neurotrans-

mitters and modulation factors [18].

As shown in ▶ Fig. 2d, CRF expression in colon and hippocam-

pus significantly increased in the CUMS model group without

treatment (p < 0.01), compared with that in the stress-free nor-

mal group. Commensal bacteria have been shown to produce

neurotransmitters such as dopamine and noradrenaline [19]. In

both animal models and humans, CRF is the neurohormone that

initiates both the peripheral and central responses to stress and

▶ Fig. 1 a Changes in the body weight of 6 groups. b Sucrose preference in SPT of CUMS mice of TIV. c Immobility time in TST of CUMS mice of

TIV. d Colon histopathological changes were observed by HE staining. Colon pathology changes were observed using a trinocular microscope at

200 × and 400 × total magnifications. Data are reported as the mean ± SEM. # p < 0.05 and ## p < 0.01 versus the normal group. *p < 0.05 and

**p < 0.01 versus the model group.
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has been shown to be hypersecreted in patients with depression

[20]. Compared with that in the CUMS model group without

treatment, CRF expression in the hippocampus significantly de-

creased in the TIV‑H and fluoxetine groups (p < 0.01). CRF expres-

sion in the colon significantly decreased in the TIV‑H and fluoxe-

tine groups (p < 0.01).

Our study found that the levels of 5-HT, NE, SP, and CRF in the

hippocampus and colon of CUMS model mice after TIV treat-

ments were each regulated to some extent. Our results demon-

strate that the depressive mouse model established through soli-

tary culture combined with CUMS stress can affect intestinal mo-

tility and the release of neurotransmitters and hormones, which

may be achieved through the brain-gut axis. In recent y, consider-

able evidence has shown that intestinal flora plays an important

role in regulating mood and brain activities primarily through im-

munity, the hypothalamus-pituitary-adrenal axis, and neurotrans-

mitters [21]. Microbiota may interact with the nervous system

through modulation of host neurotransmitters and/or related

pathways. Bacteria have been found to have the capability to pro-

duce a range of major neurotransmitters [22–23]. Several studies

have shown that intestinal flora participates in the development

and maturation of the hypothalamus-pituitary-adrenal axis. Thus,

the bodyʼs stress response may be affected by directly or indi-

rectly altering the structure of intestinal microorganisms [24].

Gut microbiota communities are relatively stable, contributing

to the overall health of the host. Previous studies have confirmed

that gut microbiota is inextricably linked to many diseases [25].

Microbiota is also altered in several animal depression models

[26]. Sequencing of the 16S rRNA gene was performed to deter-

mine the impact of depression on gut microbiota. After TIV treat-

ment, the rarefaction curves of all the samples approached the

saturation plateau. This result indicates that the current analysis

had adequate depth to capture most microbial diversity informa-

tion (▶ Fig. 3a). In our study, PCoA was conducted to compare the

similarity in the gut microbiota of 18 specimens. PCoA presented

gut microbiota communities in mice from different groups. All TIV

groups exhibited certain polymerization tendencies and did not

polymerize with the CUMS model group without treatment or

the stress-free normal group. The model group was separated

from the positive group in PCoA space. This result suggests that

the enrichment and diversity of gut microbiota are affected by

stress stimuli (▶ Fig. 3b). Alpha diversity analysis was included

for the observed species and the Shannon index, which was in-

tended to be representative of the community richness and com-

munity diversity. ▶ Fig. 3c,d shows the quartile deviation of ob-

served species and the Shannon index. Noticeably, the richness

and diversity in mice in the TIV‑H group were higher than those

of model group by the observed species (▶ Fig. 3c) and the Shan-

non index (▶ Fig. 3d). TIV treatment improved the diversity and

richness of mouse gut microbiota caused by depression. At the

phylum level, Firmicutes, Proteomicrobiota, and Bacteroidetes

were dominant in the mouse gut microbiota samples (▶ Fig. 4b).

The most abundant phylum in all the samples was Firmicutes, but

the reduction in Firmicutes in the CUMS model group without

treatment may be related to the development of depression. A

flower diagram was used to show the shared or unique OTUs

(▶ Fig. 4a). The PCoA score plot from sequences at the OTU level

with > 97% similarity indicated that the community composition

of the model group (after TIV treatment) was higher than that of

the control group. As indicated in ▶ Fig. 4b, all 6 groups shared

▶ Fig. 2 Effects of TIV administration on brain-gut-related neurotransmitters level in the hippocampus and colon. a 5-HT. b NE. c SP. d CRF.

Data are reported as the mean ± SEM. ## p < 0.01 versus the normal group. *p < 0.05 and **p < 0.01 versus the model group.
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280 OTUs. Unique OTUs were observed in the stress-free normal

(29), CUMS model without treatment (2), fluoxetine (3), TIV‑L

(94), TIV‑M (17), and TIV‑H (6) groups. It is thus likely that large

shared OTUs might be due to the shared similar environment. In

this study, we found that the structure of the intestinal flora of

mice with depression changed significantly through the sequenc-

ing of the 16SrRNA gene. However, our experiments lack a sterile

control, sterile animal feeding environments with drinking water,

litter, feed, and all items in direct contact with animals being sub-

jected to strict sterilization methods and periodic testing [27].

Studies have found that brain-derived neurotrophic factor, 5-HT,

etc. in GF mice have significant changes compared with SPF mice

[28], indicating that intestinal microbes significantly affect neuro-

chemistry in the brain. In addition, microbial disorder caused

anxiety and social interaction abnormalities. Compared with SPF

mice, GF mice showed anxious behavior, and re-suppression of

SPF mouse feces facilitated significantly increased anxiety-like be-

havior in GF mice [29].

Stress has long been known to influence the composition of

gut microbiota [30]. Hence, early life stress capable of activating

the hypothalamus-pituitary-adrenal axis can affect the develop-

ment of microbiota and vice-versa, ultimately leading to an imbal-

ance in gut microbiota and an inappropriate stress response [31].

Studies have found the adverse effects of maternal separation

upon the microbiota-gut-brain axis in rats in terms of increased

colonic visceral sensitivity and disruption to the microbiota them-

selves. While it was not determined which species of bacteria in

the microbiota were affected by maternal separation, this study

demonstrated that early life stress has a profound effect upon

the gut commensals [32]. Additional evidence of dysregulated

microbiota in depression comes from Maes and colleagues [33],

who demonstrated that there is bacterial translocation from the

gut to the systemic circulation during chronic depression, which

would presumably lead to an inflammatory response that may be

contributing towards the mood disorder. Many depressed pa-

tients have reported less representative microbial diversity, with

a relative abundance of Bacteroidetes phylum members and a re-

duction in Lachnospiraceae family members [34]. Additional clini-

cal evidence has been indirectly obtained by using antimicrobial

agents including minocycline to modulate depression [35]. These

▶ Fig. 3 a Principal coordinates analysis (PCoA) of bacterial community compositions in mice gut based on the unweighted UniFrac distance ma-

trix. b Rarefaction curves graphing within-sample (Alpha) of mice fecal bacterial populations. Data are reported as the mean ± SD. c Represents

differences in bacterial community richness (Observed species) between the 6 groups. d Represents differences in bacterial community diversity

(Shannon) between the 6 groups. c,d Minimum and maximum values as whiskers, and the thick line in the middle of the box diagram represents

the median. The upper and lower outlines of the box represent the upper quartile (75%) and the lower quartile (25%), respectively. N: normal

group. Me: model group. S: fluoxetine group. L: TIV‑L group. M: TIV‑M group. H: TIV‑H group. (n = 3).
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studies have indicated that the stress system and gut microbiota

can influence each other in early life. Bacterial commensals in the

gut communicate with the CNS via bacterial metabolites, immune

mediators, and signaling to the brain directly via the vagus nerve,

which regulates brain neurochemistry and behavior [36–37].

Herein we show that TIV improves depression-like symptoms by

regulating brain neurotransmitters. The imbalance of intestinal

flora structure plays a role in the development of depression, and

TIV affects the optimization of the intestinal flora structure. These

findings may provide new insights into identifying novel potential

etiologies for depression, understanding the role of gut microbio-

ta in psychiatric and CNS disorders, and modulating gut microbio-

ta as a therapeutic tool.

Materials and Methods

Plant material collection

The roots and rhizomes of V. jatamansi were purchased from Lotus

Pond Chinese herbal medicine market in Chengdu, Southwestern

China. The samples were identified as V. jatamansi by Professor

Liangke Song from the School of Life Science and Engineering,

Southwest Jiaotong University. The sample (No. 20181003) is kept

in the School of Life Science and Engineering, Southwest Jiaotong

University, China.

TIV preparation

TIV was prepared following the previous extraction and purifica-

tion processes of our research group [38]. Dried powder of

V. jatamansi (10.4 kg) was macerated thrice with 70% ethanol

(24 h each) at room temperature. The solution was then filtered

and concentrated under reduced pressure distillation to yield the

ethanol extract (2.32 kg). The extract was diluted with distilled

water and underwent ethanol water gradient elution using a

D101 macroporous resin column. Then, 95% ethanol eluent was

collected, concentrated into a thick cream, and designated as

TIV (0.19 kg; 76.5% purity).

Experimental animals

A total of 48 healthy SPF adult male Kun Ming (KM) mice (6 wk old;

weight: 16–20 g), with certificate number SCXK (chuan) 2015–

030, were used in this study. All the mice were obtained from

Dashuo Biological Technology Company in Chengdu. The mice

were housed in plastic cages for a 7-day acclimatization period

under normal laboratory conditions of 12 h light/dark cycles

prior to the experiments. The temperature was maintained at

25 °C ± 2 °C. All animals were provided with food (Chengdu Dashuo

of Experimental Animals Co., Ltd.) andwater ad libitum. The experi-

ments were approved by the Animal Ethics Committee of South-

west Jiaotong University (March 19, 2018, No. S20190319002)

and were conducted in compliance with the Guidelines for Animal

Experimentation of the university.

Animal groups and model establishment

After 1 week of acclimatization, 8 KM male mice were randomly

selected for the stress-free normal group, and the remaining

40 KM male mice were used to establish the CUMS mouse model,

a well-known and effective model to mimic the pathogenesis of

depression. All animal groups except for the stress-free normal

group were exposed to CUMS. Subsequently, the CUMS groups

were housed separately, and stressors were applied for 28 days.

The CUMS procedure was performed as indicated previously

[39], with a slight modification. In the CUMS procedure, animals

are exposed to chronic and continuous low-grade stressors, simi-

lar to those associated with human depression. These include the

sequential application of various mild stressors: 24 h food depriva-

tion, 24 h exposure to a wet cage, 2 h restricted movement, 5min

forced swimming in 6–8 °C water, and tail clamping for 1min. The

mice were subjected to stressors (in random order) for 1 day,

without repeating the stressors for 2 consecutive days. The ani-

mals in the stress-free normal group were housed in a cage.

Dosing regimens

To analyze the effects of TIV on mice, the 40 CUMS mice were ran-

domly divided into 5 groups (8 mice per group): CUMS model

group without treatment; CUMS model groups treated with low-

dose, medium-dose, or high-dose TIV (5.7, 11.4, and 22.9mg/kg/

▶ Fig. 4 a Bacterial community structure variation during decomposition at the phylum level. b Flower diagram showing the unique and shared

OTUs in the different groups. N: normal group. M: model group. S: fluoxentine group. L: TIV‑L group. M: TIV‑M group. H: TIV‑H group. (n = 3.)
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d, respectively); and CUMS model group treated with fluoxetine

(fluoxetine hydrochloride, 2.6 mg/kg/d; SuZhou Lilai Pharmaceu-

ticals Co., Ltd.). All agents were administered at a volume of

10mL/kg by the intragastric route once per day for 2 successive

wk. The untreated groups (stress-free normal and CUMS model

without treatment) received 5% carboxymethyl cellulose sodium

water solution (carboxymethyl cellulose sodium, Chengdu Kelong

Chemical Reagent Factory).

Behavior tests

The TST reflects behavioral despair (hopeless behavior) as ob-

served in patients with depression. The TST was conducted as de-

scribed [40]. Briefly, in a relatively quiet environment, mice were

suspended individually using a suspended tail instrument

(ChengDu Taimeng Software Co., Ltd.) for 6min, and the duration

of immobility was recorded during the last 4min interval of the

test. The mice were considered immobile when they hung pas-

sively and completely motionless. The test sessions were recorded

with a video camera.

The SPT is generally used as an effective means to assess the

lack of pleasure in animals. SPTwas conducted as described previ-

ously [41]. Before the test, the mice were trained to adapt to a

sucrose solution (1% w/v). Two bottles of sucrose solution were

placed in each cage for 1 day, and 1 bottle of sucrose solution

was replaced with water for 1 day. The positions of the 2 bottles

were placed randomly and exchanged every 4 h to avoid the influ-

ence of bottle position. Water deprivation (12 h) was imple-

mented before the third day. One bottle of sucrose solution and

1 bottle of water were given 12 h after the third day. The con-

sumption of sucrose and tap water was recorded after 12 h, and

the sucrose consumption rate was calculated as follows: sucrose

preference (%) = sucrose consumption/(water consumption + su-

crose consumption) × 100%.

Hematoxylin and eosin staining and ELISA

Themice were sacrificed after the behavioral tests, and hippocam-

pal and colon tissues were collected from each animal. Subse-

quently, one-third of the colon was fixed with 4% formaldehyde to

observe its pathological changes through hematoxylin and eosin

staining. Supernatants of the remaining hippocampal and colon

tissues were centrifuged (633 g, 15min, 4 °C). The concentrations

of 5-HT (ID20181128), NE (ID20181129), SP (ID20181127), and

CRF (ID20181128) in thehippocampus and colonwere determined

using an ELISA kit following the manufacturerʼs instructions (Jian-

chen Bioengineering Institute). Concentrations were calculated by

referring to a standard curve provided by the manufacturer.

Fecal sample preparation

The abdominal cavities of the mice were opened through aseptic

operation. Colon tissue was cut, and 2 to 3 capsules of feces were

extracted and stored in a sterilized cryotube (− 80 °C freezer stor-

age, spare). For each group, 3 cases were randomly sampled as

research objects.

DNA extraction and PCR amplification

The DNA of mouse fecal samples was first extracted using cetyltri-

methylammonium bromide. The purity and concentration of DNA

were measured via agarose gel electrophoresis, and each sample

was diluted to 1 ng/µL with sterile water. The diluted gene was

used as a template, the sequencing region was selected, and a

specific primer (16S V4 region primers, 515F and 806R) with bar-

code and amplification was used with related enzymes. PCR am-

plification was determined through agarose gel electrophoresis,

and samples were mixed in equal amounts according to the con-

centration of each PCR product. Each PCR product was then puri-

fied through agarose gel electrophoresis, and the target band was

recovered by shearing.

Library construction and computer sequencing

The V4 region of the 16S rRNA gene was analyzed by high

throughput sequencing using the Illumina HiSeq platform by No-

vogene. Sequences were analyzed using Quantitative Insights into

Microbial Ecology software and the UPARSE pipeline. The library

was constructed using a library kit; after qubit quantification and

library detection, the library was sequenced with Ion S5TMXL

(Thermo Fisher).

Statistical analysis

Experimental data were analyzed using SPSS 16.0. The data were

expressed as mean ± standard error of the mean. Multiple samples

were compared through 1-way ANOVA, and the least significant

difference test was used to compare 2 groups; p < 0.05 was con-

sidered statistically significant. PCoA was conducted with R3.1.0.
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