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Role of intestinal flora and 5-HT in depression- and anxiety-like behaviors in mice exposed to
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Abstract:

[Background] Some studies have shown that PM, s exposure is closely related to central nervous
system diseases that lead to cognitive dysfunction and change the composition of intestinal flora.
However, there are few studies on the role of intestinal flora in PM, s-induced depression- and
anxiety-like behaviors in mice.

[Objective] To observe the effects of PM, ¢ exposure on depression- and anxiety-like behaviors
and the composition of intestinal flora in mice, and to explore the role of intestinal flora in regu-
lating 5-hydroxytryptamine (5-HT) in depression- and anxiety-like behaviors in mice exposed to
PM,s.
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Eight-week-old male SPF C57BL/6J mice were randomly divided into control group (NS group), probiotic group (LGG group),
PM, s group (PM group), and combined exposure group (PML group), 6 mice in each group. Mice in the PM group and the PML group
were exposed to PM, s in a dynamic exposure cabinet for 6 h per day, 6 d a week for 7 consecutive weeks, and the PM, s concentrations
were approximately 8 times higher than the outdoor concentration. The LGG group and the PML group were orally administered with
Lactobacillus rhamnosus while the NS group and the PM group were orally administered with the same amount of saline. Elevated plus
maze test and open field test were used to detect depression and anxiety in mice. Fecal samples of mice were collected to evaluate intestinal
flora abundance, diversity, and structure between groups using high-throughput sequencing of 16S rRNA. ELISA was employed to detect
the levels of 5-HT in serum and hippocampus. Spearman correlation was used to analyze the correlations of differential intestinal flora
with 5-HT level in hippocampus and depression- and anxiety-like behavior indicators in mice.

The percentage of open-arm entry [M(P,s, P;s)] in the PM group was 0.0% (0.0%, 33.3%), lower than those in the NS group [47.7%
(25.0%, 50.8%) ] and the PML group [46.9% (40.0%, 50.0%)], and the differences were statistically significant (P < 0.05). The total travelled
distance and the time spent in central area (x £ s) in the PM group were (2.01+0.90) m and (10.31+1.99) s respectively, shorter than
those of the NS group [(3.80+0.89) m, (14.47+3.07) s], the total travelled distance in the PML group [(2.73%£1.12) m] was shorter than
those of the NS group and the LGG group [(4.211£1.08) m], and the differences were statistically significant (P < 0.05). Compared to the NS
group, the Simpson index of the PM group significantly increased (P < 0.05). Compared to the LGG group, the Simpson index of the PML
group significantly decreased (P < 0.05). The results of Beta diversity analysis showed that there were differences in the composition of
intestinal flora among the four groups of mice. Compared with the NS group and the LGG group, the abundances of Erysipelotrichaceae
and Dubosiella in the PM group and the PML group increased, while the abundances of Prevotellaceae_UCG-001 decreased, and the dif-
ferences were statistically significant (P<0.05). In hippocampus, the level of 5-HT in the PM group [(135.02+10.31) ug-g™] was lower
thanthose inthe NS group [(178.77+43.15) pug-g "] and the LGG group [(224.85+22.98) pg-g '], and the level of 5-HT in the PML group [(161.27+
15.81) pg-g '] was lower than that in the LGG group (P < 0.05). 5-HT level in hippocampus was significantly positively correlated with the
relative abundance of Prevotellaceae_UCG-001 (r=0.6090, P=0.012). The percentage of open-arm entry was significantly negatively cor-
related with the relative abundance of Dubosiella (r=-0.463 0, P=0.023).

Atmospheric PM, s exposure may cause depression- and anxiety-like behaviors in mice. The observed behavior dysfunction
may be associated with the changes in diversity and relative abundance of intestinal flora as well as the decrease of 5-HT level. Such de-
pression- and anxiety-like behaviors are alleviated after adding probiotics.

ambient fine particulate matter; intestinal flora; 5-hydroxytryptamine; depression and anxiety; 16S rRNA
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(] *: 5 Ns 4H48LL, P<0.05; #: 5 Pm 4B4BLL, P<0.05,
[Note] *: Compared with the NS group, P<0.05; #: Compared with the PM
group, P<0.05.
1 SR+TFREHRZHNRITHFLE
Figure 1 Comparison of mouse behaviors in elevated plus maze

K1 LA NREoHRES. PREEEREFRENEK
HERER (x+s, n=6)
Table 1 Total travelled distance, residence time in central area,
and entry times in open field test (x * s, n=6)

NS LGG PM PML

EBHESTARITFEN; LGG. PM £HAY Simpson 5%
NS LB IEIN(P<0.05), M PML 2H Simpson 182K
£F LGG H(P<0.05),

%2 FHNEHERE Alpha 2SR (x5, n=6)

Table 2 Alpha diversity in intestinal flora (x + s, n=6)

485 BEENRERE/m PREKEZBE/s  PREHFNRE
(Group) (Total travelled distance/m)  (Residence time/s) (Entry times)
NS 3.80+0.89 14.47+3.07 2.44+1.42
LGG 4.21+1.08 15.05+3.96 2.78+0.97
PM 2.01+.0.90° 10.31+1.99° 2.67£1.22
PML 2.7341.12° 12.53+2.66 2.56+1.33

F 8.974 4.564 0.119

P <0.001 0.009 0.949

[5E]1a: 5 Ns 484BLt, P<0.05; b: 5 LGG 4A#ELL, P<0.05,
[Note] a: Compared with the NS group, P<0.05; b: Compared with the LGG
group, P<0.05.

23 BERBEDSN
2.3.1 Alpha ZH %S9 MR 28R, 4 4A(8] chaol

285! (Group) chaol Simpson
NS 415.39+54.95 0.929+0.013
LGG 497.71+85.13 0.951+0.016°
PM 432.37+131.36 0.957+0.011°
PML 455.69+80.51 0.918+0.030°
F 0.898 5.566

P 0.459 0.006

[E]a: 5 NS 8L, P<0.05; b: 5 LGG #BLL, P<0.05,
[Note] a: Compared with the NS group, P<0.05; b: Compared with the LGG
group, P<0.05.

2.3.2 Beta ZHMEDIT AR RRTI—0F
7R, Stress {H 7 0.147( <0.2) , B] LUBH i BRAFE 2 (8] B9
ERIZE, B A ERBFEARRRBTE—E, #—F 0
FAIFASTE MDS1. MDS2 T LR D76, B 2B
FAEATE MDS1. MDS2 55l L BE B 5 PRI ERE
HE, PM A5 1GG 4. PM 5 PML BAEARTIH X 5
F, ERBEBRITFEN(P<0.05),

0.6

Stress=0.147

= PM

.| ® LGG

4 NS
PML

MDS2
[S)

-0.2

NS LGG PM PML NS LGG PM PML
[E]A: NMDS 93#7; B: R4HF MDS Mt ERI D, *: 5 pm 448
kb, P<0.05,

[Note] A: Non-metric multi-dimensional scaling; B: Distribution of each

group on the two axes of MDS. *: Compared with the PM group,
P<0.05.

2 BR/NEIHERRE Beta ZHFMLLER
Figure 2 Comparison of gut microbial Beta diversity

233 EERAMESSTT WK 3 PR, 5 NS AL,
LGG 4AF] PM AR BE SR EM AR AR (P<0.05); 5

wWww.jeom.org


www.jeom.org

#445-5723: &% | Journal of Environmental and Occupational Medicine | 2022, 39(12)

1347

LGG A LL#E, Pm 4B FN PML £HR7E R BE LS A A AN [E)
(P<0.05); PM ZHF] PML AHZ BB B ER(P<0.05) 0
%3 HiEFHER S (Adonis #I8, n=6)

Table 3 Species differences among groups (Adonis test, n=6)

2B%!/(Group) R P

NS-LGG 0.1965 0.003
NS-PM 0.3154 0.002
NS-PML 0.1301 0.128
LGG-PM 0.2571 0.004
LGG-PML 0.1755 0.041
PM-PML 0.2890 0.007
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100
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(Lactobacillus) (Alloprevotella) (Akke rmansia)

g EERRERE  EEXRER_UCG-001 HENEER
(Parasutterella) (Prevotellaceae_UCG-001) (Dubosiella)
BERE o B PRERERE
(Helicobacter) (Bacteroides) (Erysipelatoclostridium)
FEMAFERL_NK4A136_2H Hitt/E
(Lachnospiraceae_NK4A136_group) (Others)

CEIA: BT EHEHE 10 WERDT; B &

(Akkermansia) « & & K EKE 1 _UCG-001 J& (Prevotel-
laceae_UCG-001) . *t E&#F &l )& (Dubosiella) A . %
FALEfSe oMM AMMUA/NREE=MMERREE, W
3(B. C. D)FI’IR, 5 NS 4A# LGG 4H4ELL, PM LA K
PMLAMEHEE. ASLERFEAS, EH KK

R FEREE(P<0.05)0
24 géﬂlj\LL\.[ﬂllﬁ*D IEE_IJQH—/\E'J 5-HT 7J(qz
SNE 4A PR, BLAMIE 5-HT KFEERTHRITF

BX(P>0.05), [E 4B 871, 5 NS 4HLLIR, LGG 4HiBS
ZR40 5-HT IKFF+ 5=, PM A 5-HT KFREE, ZEREE
FIHFEN(P<0.05); 5 LGG £H48LL, PM 4AF0 PML £H
B5 5-HT K FIREE, ZREBHITFERN(P<0.05),

N
w

Relative abundance/%

EMSESES

@

Relative abundance/%

EEE
ORNWAUVON®

NS LGG PM PML

mxE  [O
Relative abundance/%

OFRLr NWAUION®

NS LGG PM PML

BARERHENFE; ¢ ASLEHENFE; D HETRBEENFE,

[Note] A: Distribution of top 10 intestinal flora at the genus level; B: Relative abundance of Prevotellaceae; C: Relative abundance of Erysipelatoclostridium;

D: Relative abundance of Dubosiella.

B3 SEEFEBENER I (n=6)

Figure 3 Differences in composition of intestinal flora (n=6)

=3 N B
200 5% (Serum) 300 785 (Hippocampus)
a
150 -
T T, 200 b
2100 2 d
= =
T I 100

0

NS LGG PM PML

NS LGG PM PML
[F]a: 5 Ns 4BH8LL, P<0.05; b: 5 LGG £A#ALL, P<0.05,
[Note] a: Compared with the NS group, P<0.05; b: Compared with the
LGG group, P<0.05.
4 EiE (A) FESAELR (B) 5-HT KT
Figure 4 The levels of 5-HT in serum (A) and
hippocampus (B) of mice
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HENRBERESESHENFEBNENEEEER
FH X X £ (r=-0.4630, P=0.023), B4, K EZ M EH fth
MEBEEETHENSERBENENEEERE
=P
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Figure 5 Correlations of differential intential flora at genus level
with 5-HT level (A) and depression- and anxiety-like behaviors
(B) of mice
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