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Abstract: Objective: To investigate the effect of Enteromorpha polysaccharide (EP) on blood lipids and intestinal bacteria
in obese golden hamsters. Method: Forty male golden hamsters were randomly divided into four groups, including control
group (ND), model group (HFD), low-dose EP group (LEP, 300 mg/kg-BW), and high-dose EP group (HEP, 450 mg/kg-BW).
The ND group was fed an ordinary diet, while the other three groups were given a high-fat diet. Among the high-fat diet
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groups, the LEP and HEP groups were continuously administered EP aqueous solution intragastrically. Twelve weeks later,
the serum lipid levels were evaluated, the diversity and structural changes in the gut bacteria were examined using 16S
rDNA sequencing, and the short-chain fatty acid concentration in faeces was examined using a gas chromatography flame
ionisation detector (GC-FID). Results: After 12 weeks, the body weight, serum total cholesterol (TC), triglyceride (TG), and
low-density lipoprotein cholesterol (LDL-C) of hamsters in the HFD group were considerably higher than those in the ND
group (P<0.05). In contrast, high-dose EP treatment led to a significant decrease in serum TC, TG, LDL-C, and alanine
aminotransferase (ALT) levels (P<0.05). Results of 16S rDNA sequencing revealed that at the phylum level the proportion
of Firmicutes/Bacteroidetes was substantially higher in the HFD group than in the ND group (P<0.05). However, the level
of Firmicutes/Bacteroidetes was much lower in the HEP group, compared to the HFD group (P<0.05). At the genus level,
Eubacterium_coprostanoligenes _group and Lachnospiraceae UCG-006 were more abundant in the HFD group than in the
ND group (P<0.05). Following high-dose EP intervention, the relative abundance of Eubacterium_coprostanoligenes _group
and Lachnospiraceae_ UCG-006 fell significantly, compared to the HFD group (P<0.05). Additionally, a high-fat diet
feeding resulted in a decrease in the content of short-chain fatty acids in faeces, while high-dose EP intervention
significantly increased the short-chain fatty acid content in faeces (P<0.05). Conclusion: The administration of EP
alleviates the metabolic disorders of obese golden hamsters fed with a high-fat diet by moderating the composition of

20234 2 A

intestinal bacteria and enhancing the production of short-chain fatty acids.

Key words: Enteromorpha polysaccharides; high-fat diet; gut microbiota; short-chain fatty acids
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Table 1 Effect of Enteromorpha polysaccharide on body weight, organ coefficient, blood lipid and liver function in golden hamster
S34R NDZ HFDZ] LEP4 HEPZ]
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Fig.1 Principal coordinate analysis score plot
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group (A) and multiple comparison test (B) at phylum level
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ceae_UCG-006( B R UCG-006) FHXT 3= B Ay 14
Jin 5 AL 1 EE AN R 2 D) IE AR OGN i Ak,

HFD 41 i 2 & 1Y Eubacterium_coprostanolige-
nes_group( ELATFEE ) ]38 o) & B A A0 i = 2B R i
TR RS RENR IR, (R B T iREh vl Be s
25 A= PR 9 Le A X g A = A= sz U
e, W E 20 T ] el k1 e B BRI S5 25 B
FBE, v B IR PR AN AT oA S A F R ERE, A
WA BT
2.2.4 LEfSe 5r#r & 4y LDA {EHAEREL FIH T
LDA 18453 KT BEMNA 25 0w ee, A<
B, W 2 B R Y R e RO, 1 8 B (E R
LDA>4.0, SZIG 45 I 7R, Eubacteriaceae( B AT B
Bl) .| lleibacterium T ND 2 i 2 & 4, Lachnospi-
raceac(EMAEFE]) . Proteobacteria(ZEE [ ]) . Delta-
proteobacteria( ZE J&£ B 4X ) . Desulfovibrionaceae( i
TRIREER]) . Desulfovibrionales (AR H ) AE HFD
HIBE TR, TR, RERE/ NG IE B P BR
SICERAE X =5 B 4 38 v 0 B/ IN BRG, A =R B iy
ResemaiE T R AR B, AT B0l 2 A
KM, T HEP 20 v ik 25 5 45 1Y) Bacteroidales (21
1 B ) . Bacteroidia(#XLFF 5 4H) . Bacteroidetes (421
FFHT D) Bunyrivibrio(CT BRINERR ) -5 /A% N8 TR 1Y
FEAYIASE . AWFFEIREH, SUAFER T TR T IR YR AH
of =E B ARG eT LAE S BN 245 e R TR 1
&, PETHUARMBE A, S0 & a2 o2
2.2.5 JHIEEEE SACREARSCHE AR B ARG S8 B
FER, BB HEE Y v 25 A TR (BB TR ZLAT B RTDSUBZAT
B AT T2 BE AR AT A 25 A 7KK, A 3
PR CGREEER AN AT RS ) 2 XL IR AT aliAs
Fsgma2, AFSEE AR ST, 358 T HEREAESC
B SEMAEY Z RN FR . WE S s, 5 HEP
ZHAH b, 7 HFD 24H S 88 m i g iE e Sk s . g
Ui e R ECA AR F8 47 52 IEAH S, AN Lachnospira-
ceae_ UCG-006( B E £} UCG-006) 5 TC 7K
BETFAESE(P<0.01), Streptococcus (ERRE &) 5 TC.
TG F1 LDL-C £ 3 1IEAH 5 (P<0.05); TifE HFD ZH
i 35 v D B 1 38 B B Ruminococcaceae UCG-014
5 LDL-C fil TC £ 3 T3 (P<0.05) . HAHRL
FRHZAE, MG S5 AT DT AR A SRR AS T i
HEERTA A FEE S LDL-C /K 2 W 3 I EAR LS it —
B SAMFFEIR, MR E n R S e ER A
i =E R AR E A2 30 (9 TC 1 LDL-C /K723,
Ui BRI & 2208 ] BB 1 I8 PR =R B AT el A
IR
2.3 B EEMNEERRIRT: ¢ Rt RS AR RhELZH
YR
2.3.1 WP S FE G s R IR S =
S JREELT 4ok 2 PT BEIE AR B N 1 A T R
FRACAEFI A b, VRS E A 4R E A st
ML EENR TR (SCFAsS) 7EARIEE HFD J& B s/ e7
ABFFE Y, 42 HHh B2 ME SCFAs & # N3k 2 R,
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Fig.3 Intestinal microbial community composition of each group (A) and multiple comparison test (B) at genus level
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Fig.5 Correlation analysis between gut microbiota at genus level and biochemical serum levels
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Table 2  Effect of Enteromorpha polysaccharide on short-chain
fatty acid content in feces of golden hamsters (mg/g)

I NDZH HFDZH HEP#H

Acetic acid 1.433£0.440°  0.507+0.074° 0.594+0.136"
Propanoic acid ~ 0.275+0.149"  0.063£0.021° 0.143+0.067°
Isobutyric acid ~ 0.016£0.007°  0.01120.006° 0.019+0.006

Butyric acid 0.363£0.178"  0.103+0.075°  0.214+0.138™
Isovaleric acid ~ 0.034+0.013°  0.019+0.011° 0.036+0.011°

Valeric acid 0.143£0.068"  0.020+£0.008°  0.048+0.020"
Hexanoic acid 0.234+£0.132°  0.017+0.002° 0
Heptylic acid 0.013+0.006* 0° 0

2.3.2 H#tS SCFAs 14 Spearman AHCVE /MM 13
TE GHE AT DLKE Z2 BB R B el (F SR, PE s ED LA
WAL IR, I 774 SCFAS!, Rk FIAH G
PEAF BT — IR R AR S35 SCFAs &G R .
WK 6 Fr7s, Bifidobacterium (KU AT )E ) . Strepto-
coccus( 5% BR 8 J& ) . Eubacterium_coprostanolige-
nes_group( ELAT I J& ) Ml Lactococcus(FLERFE B ) (1Y
FAXTF Y isobutyric acid(5F T 2 ) Fl isovaleric acid
(IR ) o B 52l =35 T AH G (P<0.05 5% P<0.01),
il Parabacteroides(ZK [CEIFUFTEE ) 55 acetic acid(Z
fi ) . propanoic acid( PN & ) . butyric acid( T fig) .
valeric acid(J¥. /2 ) . hexanoic acid( ' g ) il heptylic
acid (BER ) 2t I 25 1EAH & (P<0.01) o 4 Rumino-

coccaceae UCG-014(JF B ERE _UCG-014) Y5 acetic
acid( Z.fi# ) . propanoic acid( PN i# ) . isobutyric acid
(5T HR) . isovaleric acid( 5% %2 ) F1 heptylic acid
(PR ) 5 i 35 1EAH 2 (P<0.05 8¢ P<0.01) . 5%k
PR, IR T SRS PR R B 2T 38 2 VR Y i 18
PRI, fE#E SCFAs 77 AE B iy 3= BERS sk v 42 e Hig
REFEFIVIERY . SRR R IR ST 1R
h i A B ME—BRTE, JE I SCFAs BYA= R, M iife
BEREAE TR CBUBEAF R i AET . DA RS IRER, W
ZMEN] eIl I ¥ Parabacteroides (Fk ECBIAUFTEE ) 5
Ruminococcaceae UCG-014(J8 HERER UCG-014)
Wi A= i SCFAs HETTIE AL .
2.3.3 5% RE IR S50 A CFEBR Y Spearman AH
KPESrHr AnE 7 B, 78 HED 20 A 5 25 el 2D 11
propanoic acid( PN i ) . isobutyric acid( 5% T fig ) .
isovaleric acid( 5% % £ ) 1 valeric acid(JXFR ) 5
TC. LDL-C. =S5 ligs R BB JE BE Ui NESS 52
B R AE G (P<0.05), Hirf propanoic acid (P9
fig ) Fll valeric acid X2 )5 HDL-C 2 W2 14 1EAE G
(P<0.01). K, SCFAs 19t/ b ] GE 5 AL ES
RHIHURCII R ELA G,
3 RS

TEABEFE h, B B & S0 T FU T b 25 BRI
= R DB SR 0 4 i BRUAS ER L R A SR R IR T AR
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B(P<0.05), [FFHERAEHLEIMHE TC. TG & LDL-C
IR, U BH R 2 2208 T T A3 s s e re et
IR ERTL . HeAh, 118 BT A48 51 o
e R BT 2B T AT el s IR AR 2 i 1 T
PEZEEL, F 2R A U i T8 B I ) e 491 A 2H
A, 2 A AT AR BACUEH Y Muribaculum ()17 B
FFE&) . Parabacteroides (K IQEN AT B ) FIJER B BR A
SFAT 2 A P AR X

KR Z2 Wi 35 Wi RO MRS, rIE ik
A it B A S, D SR O BRI R FEAFSY
R FEWFE 2T BT R T AR R, BRI
JEEREGE T T HAARRS =55, NI i s e alkehiss 5 [k
B 1 308 JEE B B 1) ALUAF T T BB A5 T o Niguyen 501
HOBITSEERI, #hFEEAG Z2 M v LARAZ s R I/ N B
J170 38 PR A LH AN Ee 1], 35 A AT Z2HE /N B, HIE
RHE A 25 2K [CRIFT B (Parabacteroides ) 55 14 AH
XTI, A o e AR TR BE I TR AR, 3
M RGRIE, ZACIHERGIE . AP WoR
5 HFD ZHAHEL, HEP 288 B BREAN T RN S5 41
PRI R B i 2 N (P<0.05), ARSI PR 19 = 15 i 250k,
/L (P<0.05) . Chen F5U2 WF5EA A I, *bFEATIE 20k
A% /)N BB A S ARAT 75 TR O A B AR B I B ) AR =
B, HEIA 2 T (B 5 2 B s LR B )i ) AR R B2,
PNITTSERNE T L AU S SE

718, REIRZHETT LUE i #F SCFAs A hk
HFERAE SN . AWIFE R HEP ZH 5 0l PRI AH
IR . 5 TR . S#IRIR . TRARSS SCFAs & 14 HFD
i FEW ., 5 Li SR o, sl rh i =
B, NSNS IR IR 5 S AL N SCFAs A2
FFRNEA s R A KR AR 3 ISk, AP ioRT
B . R M TN R 7 &5 Muribaculum (15 BRAFEE) FlI
Parabacteroides distasonis (ZK FCRIFFTEE) 7K 2 1E
. LAGKOUVARDOS 4504 SR B4 5B
B, Muribaculum (7 BT HAT B 22 52 2=tk
EWINEET ], ATEHE SCFAs WAL, Ik, W2
B AT B e SR 4 08 b BV 1 B AR ™ A T 2
SCFAs, ISR A A R T

25 P ITIR, WFE 2B RE W B e BRI R
KN ERE T ZE, T 2h e DR R B3 il S Il lie 7K
F, Horh s R S ZERSOCR E D W . AN, AHOG
PESF AT R BIAE HFD 2H 42 25 BRI B R -5 NE AR OC
FEPREE IEARSC, R i 0 e iir 55 2 M R M e
T4 nT G -5 U 7 i 1 TR 2H R, R T S i aE b
SCFAs &l K.
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