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Effects of alginate oligosaccharides on depression—like behavior and gut microbiota in zebraf-
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Abstract Objective: To investigate the effects of alginate oligosaccharides (AOS) on depression-like behavior
and gut microbiota in zebrafish, a model of chronic unpredictable mild stress (CUMS). Methods: Wild-type AB
strain zebrafish were randomly divided into normal, model, positive control and AOS low, medium and high dose
(AOS-L, AOS-M, AOS-H) groups, with 24 fish in each group. All groups, except the normal group, received 14 d
of CUMS to establish a zebrafish depression-like model. Except for the normal and model groups, which were
given equal volumes of rearing water, the remaining groups were immersed in the corresponding concentrations
of AOS for 60 min daily starting from day 8. After 14 d, behavioral experiments were conducted using the novel
tank test (NTT) and light-dark tank test (LDB), enzyme-linked immunosorbent assay (ELISA) method was used
to detect the levels of 5-hydroxytryptamine (5-HT) and norepinephrine (NE) in the brain tissues, and 16s rRNA
sequencing was used to detect the changes in gut microbiota. Results: Compared with the model group, in the
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NTT, zebrafish in the positive control group and the AOS high dose group had significantly shorter latency for
the first entry into the top, significantly longer time in the top, and significantly increased the number of entries
into the top (both P<<0.01), and expanded the range of motion. Compared with the model group, in the LDB, the
positive control group and the AOS high dose group significantly shortened the latency of the zebrafish’s first en-
try into the shiny area, the AOS medium dose group and the AOS high dose group were also able to significantly
increased the duration of the time in the shiny area (P<<0.01), the positive control group and each of the AOS
groups were also able to significantly increased the number of entries into the shiny area (P<<0.05 or P<<0.01).
Body mass index, 5-HT and NE levels were significantly lower in the model group compared with the normal
group (P<<0.01). Compared with the model group, body mass index was significantly increased in the AOS-M,
AOS-H groups (P<<0.05 or P<<0.01); 5-HT levels were significantly increased in the positive control group and
the AOS high dose group (P<<0.01). AOS could increase the abundance and diversity of gut microbiota and regu-
late the structure of community composition. At the phylum level, it regulated the relative abundance of Proteo-
bacteria, Actinobacteriota, Fusobacteriota and Firmicutes. At the genus level, it regulated the relative abundance
of genera such as Cetobacterium, Aeromonas, Plesiomonas, unclassified f _Rhizobiaceae and Allorhizobium-Ne-
orhizobium- Pararhizobium- Rhizobium. Metabolic functions such as carbon metabolism, purine metabolism and
pyruvate metabolism, as well as related substance transport processes in the gut were influenced. Conclusion:
AOS can ameliorate depressive-like behavior and increase body mass index in CUMS zebrafish, and its effects
are related to the modulation of neurotransmitters, the composition of the gut microbiota, and their metabolic and
substance transport functions.
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7 BT IR AL T

@EBA
@A
@PAtERIFRA
©AOS-HEA

OERA

[ s
@ratERA
®A0S-HH

5 2 25 3 35 4 af
LDA SCORE(log10)

A:LEfSe Z 4R Z B s B: LDA H AR A
B8 LB igiE R R A o 222 R b

2.5.6 KEGG B 241 K PICRUSE2 X %
SH B ) £0 3 B BF (1 KEGG — 24 #% JEAT Th R T
W, B9 fEoR 73 BEHT T 20 1) 22 F R IE I (P<
0.05) . K I CUMS 3= 52 1 £ 1§} 14 12 (metabolic
pathways) + X A AU 8 42 ) 6 B (biosynthesis of

secondary metabolites) - ABC #% 12 5 [1 (ABC trans-
porters) « 28 7 2 (1) 4E ) & B (biosynthesis of amino
acids) - % 1 #f (carbon metabolism) . #% ¥ 1& (ribo-
some) « M2 % £ iff (purine metabolism) - [A i R 1€ i
(pyruvate metabolism) \ 2 F& ¥l Fll 4% H 1R BE AC i3
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(amino sugar and nucleotide sugar metabolism) & ft
T B2 1t Coxidative phosphorylation) 1% g A€ i (py-
rimidine metabolism) 55 £ Fli T HE 1A , M AOS AL
J5 RE AR bR ARG E I D BE R Y 2= 5 IR H 4K P
IR

2.5.7 COG DRevERE s #r
COG Tyfig £ B TR AR

BN, ST
Rz i A1 AR 1T Camino ac-

Carbon fixation pathways in prokaryotes
Starch and sucrose metabolism
Glyoxylate and dicarboxylate metabolism
Cysteine and methionine metabolism
Aminoacyl-tRNA biosynthesis

Glycine, serine and threonine metabolism
Glycolysis / Gluconeogenesis.

Pyrimidine metabolism

Oxidative phosphorylation

Amino sugar and nucleotide sugar metabolism
Pyruvate metabolism

Purine metabolism

Ribosome

Quorum sensing:

Carbon metabolism

Biosynthesis of amino acids

ABC transporters.

in diverse
Biosynthesis of secondary metabolites

Metabolic pathways

id transport and metabolism) « B¢ & 2E f#4 1k (ener-
gy production and conversion) « JoHL iz fr AR
(inorganic ion transport and metabolism) « 1% \ 1% ¥
Ak &85 K4y £ A2 W) e A (translation, ribosomal structure
and biogenesis) Fl ik /K tt. & 41z fi A1 4K (carbohy-
drate transport and metabolism) 55 J5 [ , 3 7] WL %% Tl
COG MIREAE S AFEA P I £ LS EAA, W 10,

@i
+ 0.02162
®

* 0.01556 : i:s-l IA.!!.f‘fl
* 0.01879
* 002374
+ 0.0329

+ 0.02374
+ 0.02374
+ 002374
* 002374
* 0.01556
* 0.01879
+ 001879
*+ 0.0329

* 0.03069
* 001879
* 0.01556
* 0.02731

* 0.03781

0.02731

* 0.01879

8 o 12 14 16 18 20

Lt /%

Ko 22533%iA KEGG il i i i

%,

) : Translation, ribosomal structure and biogenesis
[ A : RNA processing and modification

K : Transcription

L : Replication, recombination and repair

[ B : Chromatin structure and dynamics

0.6 0.8 1

AR R

B U : Intracellular trafficking, secretion, and vesicular transport
M O : Posttranslational modification, protein turnover, chaperones
W C : Encrgy production and conversion

I G : Carbohydrate transport and metabolism

M E : Amino acid transport and metabolism

D : Cell cycle control, cell division, chromosome partitioning Il F : Nucleotide transport and metabolism

[V : Defense mechanisms

[l T : Signal transduction mechanisms

[l M : Cell wall/membrane/envelope biogenesis
N : Cell motility

M Z : Cytoskcleton

I W : Extracellular structures

1T : Coenzyme transport and metabolism

W 1 : Lipid transport and metabolism

M P : Inorganic ion transport and metabolism

M Q : Secondary metabolites biosynthesis, transport and catabolism
M S : Function unknown

BI10 5250 B 1o i T8 A Al 70 K 22 5
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HIRE WL FIRIT AR BeAk, BEE ff e 145
B T S I X 3 DL S a8 05 7 47 5, L I A7 9 184 o )
SNARFE FE IR . #E LDB o, SRRV AR L, FH
507 HRZH A1 AOS-H 4 3 15 £ 25 1 3 N 55 X 3k
(1 75 AR A 3 4 R, O\ Ol R DX 1 TR 4
B, AOS-H 2H 7 S 558 X 3l () B ) i 2 a8 K . 1 B
AOS AefiE I CUMS 55 I BE 5 AR T A

TR 0, 28K R B 1 1 2 L B
£ T B kR (S LT, S AR SR AR 2H 4 R —
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JRAKS T 2 A 28K TR DS R I ARG 77 kiR
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H 21 5-HT A NE 7K~ 2. 35 [ , 11 45 T =177 & AOS
WS, 5-HT K m . [, AOS-H 4 NE
KA —ERENIE S . R AOS /e &
CUMS % S 5S-HT NE /K7 R B#, 3 8 T 4t i
Ji3 ] e HOR FEHTAMAT AR FH BB AE N 2 —

i 3 P B I R N A U PR S (S A
HEAS 5 E MK Z R REEE" s KR
W2z 5l kT W B R AL, 3G o H0 D E S K
PECO, s, 5 IEH 4UA B, AR R A1 BE ) f i i
BRI B F & L AN 2 AR R 2 BRI, B TR LR S R 4
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S 6 R R A 45 R — 3. il i KEGG Al GO 43 #1 &
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