TR A SR IR Mar. 20, 2023, 50(3): 1179-1194
Microbiology China DOI: 10.13344/j.microbiol.china.220974
http://journals.im.ac.cn/wswxtbcn Copyright ©2023 Microbiology China All Rights Reserved

S ENE RN AR E L EFGE
pEeXyEZ e 0pEA

KET, TRE, fRf, T4

KA R2 ARl 2E B, WIdE 60 434025

KEET, HRE, KA, £, ZAMHERIPUAE RN RSP R B Z R R [T]. A m R,
2023, 50(3): 1179-1194.

ZHANG Lugqgian, FANG Chenhao, YU Zhihe, WANG Yun. Effects of dihydromyricetin on serum antioxidation capacity and
intestinal microbial diversity in antibiotic stressed mice[J]. Microbiology China, 2023, 50(3): 1179-1194.

B E. [¥5] = &a#m#E (dihydromyricetin, DMY) 2 — £ G & FRR T L2 H LA, £
AIEA. EFAHRE, LBAMELE 2K, REAEAMKA QLN ETEENE T 657
Rl th R 2. [B 691 WA =S F A F R T Reh i L bt fe @A 4 %
e, [FE] DR A RAE. RAFE, RWAEF+ZEMEFH, LNEHE ] R bk
¥ E AT AR, AR GE N oATAB AR E N S EF, BEEHRLZE PCR
(real-time fluorescence quantitative polymerase chain reaction, RT-qPCR)3&E4%F 5% # 40 14] ¢4
M FEERF. [(ER]) —aHBEFRER G T A Z M0 R i i A4 2B (catalase, CAT).
#2 A AL A AL B (superoxide dismutase, SOD). &L H ki B4t 4 B (glutataione peroxidase, GSH-PX)
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Effects of dihydromyricetin on serum antioxidation capacity
and intestinal microbial diversity in antibiotic stressed mice

ZHANG Lugian, FANG Chenhao, YU Zhihe, WANG Yun®

College of Life Science, Yangtze University, Jingzhou 434025, Hubei, China

Abstract: [Background] Dihydromyricetin (DMY) is a major flavonoid compound in Vine tea
(Ampelopsis grossedentata), which has antioxidant, anti-inflammatory, and other effects. Its
medicinal value has attracted extensive attention, but its biological activity in vivo and catabolic
mechanism in intestine are still unclear. [Objective] To explore the effects of dihydromyricetin on
serum antioxidant capacity and intestinal microbial diversity of mice under antibiotic stress.
[Methods] The experimental mice were divided into a control group, an antibiotic group, and an
antibiotic+dihydromyricetin group. The antioxidant indexes in the serum of mice in each group were
detected. The differences of intestinal microbial diversity between groups were analyzed by
high-throughput sequencing. The relative abundance differences between specific bacterial groups
were verified by real time fluorescence quantitative polymerase chain reaction (RT-qPCR). [Results]
Dihydromyricetin significantly increased the activities of catalase (CAT), superoxide dismutase
(SOD), and glutathione (GSH) in the serum of antibiotic stressed mice (P<0.05), significantly
decreased the content of malondialdehyde (MDA) (P<0.05), catalyzed the synthesis of nitric oxide
(NO), and significantly increased the total antioxidant capacity of mice. There were significant
differences in the composition and structure of intestinal microorganisms between the
antibiotictdihydromyricetin group and the antibiotic group. Dihydromyricetin improved the
composition of intestinal flora in mice by regulating the abundance ratio of Firmicutes and
Bacteroidetes, promoting the proliferation of bacteria such as Lactobacillus and Clostridium, and
inhibiting the proliferation of Enterobacteriaceae, so as to increase the relative abundance of
beneficial bacteria related to intestinal catabolism such as Lactobacillus and Clostridium in the
intestinal tract of mice. [Conclusion] Dihydromyricetin can change the structure of intestinal flora.
Some probiotics are heavily involved in its metabolic process and produce beneficial metabolites to
improve the antioxidant capacity of the body and maintain intestinal health. Negative effects of
antibiotics on the intestinal tract of mice are thus reduced. These findings provide a theoretical basis
for the study of the function and catabolic mechanism of dihydromyricetin.

Keywords: dihydromyricetin; antibiotic; antioxidant activity; intestinal microflora; high-throughput

sequencing
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TER, AHR. LAREN, Macklin 23
Al ZEMR, BEIEH AR BR A E
I3 B8 N & . N ¥ (malondialdehyde,
MDA & . o Ak Z i (catalase, CAT)i ]
& R ALY AL (total superoxide dismutase,
T-SOD)iatGH & At H I S b Py i (glutathione
peroxidase, GSH-PX)i5fll & . ST & Ak 1 PE (total
antioxidant capacity, T-AOC)iifl & . m—F LA
4 i (total nitric oxide synthase, T-NOS )iz 5| & Fll
73 B — 4 fb A & B (inducible nitric  oxide
synthase, iNOS)IX 7l &, m ut @AY TSR
Brs A DNA $EBGA7 £ (QIlAamp DNA
Stool Mini Kit), Qiagen 2% 7] ; SEH ¢ 6 E & PCR
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BB AT . 30 H[(2042) g5 5 fi Re 1%
AHIE ) KM BEYE/NEL, TR (24+1) °C. 1B AL
45%—=55% M A T IE N HERE 1 RS, /N B
LA X RRAA(N) . FrAERA(A) . LA R +E A
(AF), &4l 10 X, trid/mFREHIC VIR ARE,
RIGHARIEIRE 4 didsk 1 /MR E L,
H LA 9 SR X425, B8 AF R4
T AR 500 mgkg HEH, N, A WK
T IER EB 1K 500 mg/kg #EE , FeL 3 JH.
54 IR, bR T EARREE KA AR
%5 AF HREB AN, BT RBIMAT A AF 413k
HIFREE 100 mg/kg . HHFEK 300 mg/kg, IFFR
300 mg/kg MRGPIARHE B EGTAE TR/
BB, N ABREG TIEHR X8 T7K 500 mg/ke
BT RE, HRR AR, 35 .
122 #EEE

T 5 oS i RN BRI R, 22 A R BE Azb
FKBUNSUEIN, A 1.5 mL B0, 4 °C,
3500 t/min 5.0 10 min, B EIE, 2088 M %5
£ HH o R FHSIME I AR BE/ N, RIS W 2%
Yy, SCEVECE Tk B S mL BOE T, REGE
VR EL—80 CUKAH it ek -
123 mEAMNKEBIRNE

FHR AR G /N UMY B T . MDA &
i, T-AOC., CAT, T-SOD, GSH-Px, T-NOS #I

xR1 B EEE RT-qPCR 3| F7
Table 1

INOS &, IR &AL RE
124 SHBENF

BEH 4 F/NERE NSV SRR A
PR BR A ) A 5 1 T8 TRy S o3 B o T
W FEBFEAYIE S DNA, H barcode #5
HS 194 16S tRNA SEH ) V3-V4 X4 EE]
J¥3CE, 51914 341F(5'-CCTACGGGNGGCWG
CAG-3")#l1 806R(5-GGACTACHVGGGTATCTAAT-
3", FH Ilumina MiSeq /7 & 2547 5 8 120
. AR A K.
1.2.5 HFEMEEBENERREESE PCR

{5 F§ Q1Aamp DNA Stool Mini Kit $2BUR 545
HSET A FIAF ZH/NEUE 1 25 T B 2 R A
21 DNA MRS E A IE TR 16Sr RNA JE[N P51,
NG T84 Primer Premier 5.0 BTS2 ¢
YEf PCR (real-time fluorescence quantitative
polymerase chain reaction, RT-qPCR) 5|4y
(F 1) UMK ZR (20 puL): 2xSYBR Mixture 10 pL,
Bt 2 ul, b RS I#9(10 umol/L)#$ 1 pL, ddH,O
A2 20 pLo JWZEFF: 50 °C 5 min; 95 °C
10 min; 95°C 15's, 25|49t iB JORRE [FUTF R
J&(Lactobacillus) 58 °C. 12 J&E(Clostridium)
55 °C. ¥k E & (Enterococcus) 60 °C . T #FH
(Enterobacteriaceae) 54 °C]30s, 72°C30s, 2H
SESIOCEHE, It 40 MEER.

Primer sequences for real-time fluorescence quantitative PCR of specific bacterial populations

Target bacteria Primer sequence (5'—3")

Sequence length (bp)

Lactobacillus F: AGCAGTAGGGAATCTTCCA 341
R: CACCGCTACACATGGAG

Clostridium F: CCCACAACCTCAAACTCCTGTAT 260
R: TGCTCCTCACTGATTCACACAGA

Enterococcus F: CCCTTATTGTTAGTTGCCATCATT 144
R: ACTCGTTCTACTTCCCATTGT

Enterobacteriaceae F: GGAGCAAACAGGATTAGATACCC 317
R: AACCCAACATTTCACAACACG

All bacteria F: ACTCCTACGGGAGGCAGCAG 200

R: ATTACCGCGGCTGCTGG
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K x+SD R, 242 022 5 AECR B &R
J7 22437 (analysis of variance, ANOVA), HH2q
[P PR LLAS, T 25 55 0 R /N i vk 22 e ik
(least significant difference, LSD)i %0, 5 2ZEANFF
0% FEE U B JE (Tamhane’s T2)R 56, 6 e /K 1
0.05, DL P<0.05 NZESAGIHE L iE
AR QUME ARk 743 2484 St
(operational taxonomic unit, OTU)XI 43 J 4325
frEE, A R AT 2R, F
AL H 5] 43 M7 1. H.(linear discriminant analysis
effect size, LEfSe)X 2= 2 [l i1 7407 -

2 EREM

21 MREBRAETK

1 W PR SR M B 2 A A 4 T, S A/ R
KEE I HARFREBORAS, 2500 B A, {5050
5 JE 2R R A o], A 4R BLRE
Wish . WEREEAER, FEMEKEE . BIH, AF
YIRS T A /N BT PR AR BRI
R AT /IR IR B AR o N2/ BROG P 8 AR
o AE R HEMESR SR P/ BRA K R B DU TR
TE, PREAEBRE S S WL/ B AR BN & B RO
WE 1 FoR, AN R R GG ET 4 H, 3 4
AN TSR ETE s AR 5 T ik A
BZE, 3 AU RUAEFHEBTRE, K A
I AF 41/ BUREEA BT R, m]
Re 5Pl RN 5%, BRI A 3 41/ A
NI SRy NE ¥ 1L S
22 Z—EHEMIRILFRE TS
A

I3 2R 1 S B U A B 2 RE Y EE A
b, BAAGERMBEBIER . i 2y . %
JEVER . BRERSIIEE. WK 2A Frs, AF

H/NRAE T N A PRI B8 o i 5
Z2(P<0.05), T-AOC 5 MR BT A LRETT, W
K 2B Jlis, A 4lMiE T-AOC i&tE &ML T N
ZH(P<0.05), AF 415 N 4. A dAHEs, /MR
ML3E T-AOC T 4 i & T 55 (P<0.05)

CAT, SOD., GSH-Px J&A4= ¥ N B Z AP
FALB B, AN 2C—2E Fis, AF 4148 A 21/
ST CAT &1 . T-SOD 1% 1Al GSH-Px 11414
A B EYERIN(P<0.05). MDA JEHLIANS i Ak
FIRZ=1), IR 2F i, A 4/ RS H MDA
SR BEET N 4(P<0.05); 11 AF 41 MDA &
BT A 4(P<0.05), HAET N 4.

T-NOS Jy 2 —F b A G, Hrh INOS Hif
SR SAAR AT, BPUARAZ . RSz PR
JEAEFA N, INOS HEAEA R NO Ay B R T3
2RI NOS, J& NO KRB F2E AR, Uk
W NO AJ 52EREMER A B FHEE(LOO-) S i AR
A LOONO, BHIE TR E AL . HAEE] 2G
N, 3 A A 4RI T-NOS 1 15
(P<0.05), AF 41 fig i 2 FEAR/ N BRI T-NOS &1k,
5 A 4R EVE T F(P<0.05), iNOS Kl 2521
DL 2H, AU AF /R INOS TR HEAHES T
N. A AR EF G P<0.01).
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Figure 1 Changes of average body weight of mice
in different treatment group.
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Figure 2 Effects of dihydromyricetin on serum antioxidation in antibiotic stressed mice. Different lowercase
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SIRE. N 2 iR, A. AF PRAIFEAMIEL N 4
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RIS [RIREAS 8] 1 T8 T 1 B 43 1) 22
S, RAELET UniFrac FE 2 A 32 AR B8 20 B
(principal coordinates analysis, PCoA ) iz A [F]
PEAS [ AR D RE TS AR . P, UniFrac B

F2 BABANRBEMEY o ZHIEEE

BN unweighted F1 weighted PiZH, Fij& (XM
T OTU FP2EARRIM FEIFEA 22 5, 580
FHEW T RER A Y RGER B R RMTEL HAEA T
HEREE . i 4A Frs, unweighted UniFrac 3
ABFR F55 1 FRUM(PCITE 50.05% 0 22 S B
NS AL AF AL, 5 3 FAH(PC3)
15 7.74%0 22 SR Lo BB A 5 AF 43 5F .
WK 4B Fron, weighted UniFrac 3 2k #5 I
W51 EBAH(PCTE 83.58%M 2% SRk ¥ N
455 A AF L TT 26 3 F I (PC3)TE 3.89%
2SR I A 415 AF 4R 58450 T U9
N5 A, AF PIZFEA ) G 2 R0 =F BEAAAE S
EMER; AAY AF HEWR AN DA R
25, W FEWATERN2E S

AF

3 /MERMEEE OTU Y Venn
Figure 3  Venn map of intestinal microflora in mice.

Table 2  Alpha diversity indexes of intestinal microorganisms in each treatment group

Group Chaol index ACE index Shannon index Simpson index
N 1 362.44+230.00 1412.16+245.54 7.71+0.77 0.97+0.24
A 333.75+32.44 346.72+35.63 3.70+0.45 0.74+0.14
AF 273.12+58.07 282.29+56.87 3.38+0.47 0.75+0.09

B RIS NV B AR HE 2 (n=4)

The data are expressed as mean+tstandard deviation (n=4).
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Figure 4 Principal coordinate analysisl PCoA plots of unweighted UniFrac distance values (A) and weighted
UniFrac distance values (B) of intestinal microflora in mice.
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W ] (Firmicutes) 178 J&. T ] (Proteobacteria) i) FERE LI, MBI ERNEnterobacteriaceae)
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Figure 5 Microbial species distribution of mouse gut microbiota at the phylum (A) and family (B) level.
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B Cladogram
& a: Bacteroides B t: Erysipelotrichales
& b: Bacteroidaceae = u: Erysipelotrichi
mm c: Rikenellaceae B v: Caulobacteraceae
mm d: S24-7 B w: Caulobacterales
mm e: Bacteroidales B x: Cupriavidus
ma {2 Bacteroidia B y: Oxalobacteraceae
= g: Enterococcus B8 7z Desulfovibrionaceae
®m h: Enterococcaceae W a0: Desulfovibrionales
8 i: Lactobacillales B al: Deltaproteobacteria
B j: Bacilli B8 a2: Helicobacteraceae
i @ k: Alkaliphilus B8 a3: Campylobacterales
m CGpr_OCOCCHS B8 a4: Epsilonproteobacteria
Emm: Rummoco.ccus B a5: Enterobacteriaceae
B n: Lachnospiraceae BB a6: Enterobacteriales
mm o: Oscillospira B8 a7: Acinetobacter
B p: Ruminococcaceae B 38: Thermus
ma q: Clostridiales BB 39: Thermaceae
m 1: Clostridia BB b0: Thermales
B8 s: Erysipelotrichaceae W8 b1: Deinococci

6 LEfSe BRHHBZESRSNE A B/n 1 3 AP ARX 8 HA BE 2 RN 2B TR,
FErp HRR AR EEARER T2 JEoC A 9 22 52 52 R/ LDA B, SRR R B4R /R T %902
FATCHTS I RERS R BREAR AL, B 45 25 53 WA 21 2 0= GRS A 10 0 i B Bk SR, fEdt AL
SR, N AN R R AR T T 2= R R 229

Figure 6 Analysis of differences among bacterial groups based on LEfSe software. A: The microbial taxon
species with significant differences in relative abundance among the three groups. The length of the histogram
represents the magnitude of the difference in the taxon species (i.e. LDA value), and the different colors of the
bar graph indicate the sample group with higher abundance corresponding to the taxon. B: The difference is
mapped to a classification tree with known hierarchical structure to get the evolutionary branching diagram. In
the evolutionary branching diagram, the circle radiating from inside to outside represents the classification level
from phylum to genus.

25 BEAHWMENEEERA 3 Wh5&%
SR A 22 1 20 B T 0
MATEAEFI G R, HFHCEwERamgR, 31 —SUBRNRERNHINRERE
fE22 5 BH M BRE I T FLF IR s . PR ETERI R |
WA KT IR . T FFBORE 4 FRLIR KA g S —EBMERRCR h ER N RWYH, R

35 TR S SO B e L S ek B PCR AT Z 25 PE A AR TR, HAEHTUR
WISE TICAE A, AF BIALREA i hixt i, 25 0 PURSEAIA S AR08, AR IR LD
AN T R, 4 FRCE R gL A P DRI SRR ST A B R
B I A7 B 25 S (P<0.05), ot AF dlAfge DT T = S s AL A b G 25 3R AE A
A GUREAS o7 1 40 T T R I T 1.96 45 R 552 1R A 75 10— 2B W TS I IE o AR AT A
WRIRNEE RN T 2.2 6%, ek SRR, 3 HUMRIERT 4 AR B
WOINT 230 £, MM ERaE FE B gt R LT MRS, RIS 4 AR
T 91.2%. %45 5T 16S rRNA JEEMFS:  PUAERMAAH EHlR+iE R AF)/MR
REEA PRE B R BLG , o Hi A 3R 70/ U
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Figure 7 Relative abundance of specific intestinal
microflora of mice in antibiotic group and
antibiotict+dihydromyricetin group. Results: ACt of
DNA amplified by 16S rRNA was used to express
the abundance of specific intestinal flora, and the
relative abundances of specific intestinal flora among
the groups were calculated by 22" method. The
paired sample ¢ test is used for data analysis, and the
data are expressed in mean+standard deviation and *:

P<0.05 means significant difference, **: P<0.01
means highly significant difference.
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T-AOC H#% R WAL R B P fLRE T, 2
R EAL Y AT A A B LAY ST AR K

-, ISR BT T AR AU ) 5 A
frdtA2, CAT. SOD. GSH-Px J&/E Wik %
MBS P A AR o CAT AT LA AR N HyOs5
SOD REIEIRIANZARMA R T Al %, LIPS
1E B X HUARY 7 ; GSH-Px BefEfL GSH 224
AW H ik (oxidized glutathione, GSSG), i J5A T 1Y
AR, AEHE Ho00 B2, DRI HILIA AN L S
M. AT, PR RA/NRTEZ 2
PR LR, HEPTAALRE 1 (T-AOC)H]
BN R, BEHOR R IR LA R 2 HL AR BT A A
RGERYIsAT , IPUA AL B A 16 PE AR 2R DT AL
MG R, dEmS28od 2 0 A0 A s To
B, MR o S8 A ACE T R, 5 G S R A=
SR — A i 2= RB18 10 25 42 = 1L H CAT .
SOD FI GSH-Px BG4, il xt M2 K-,
I HAEBABT A KT FARIR R IZE S A %
W R — Sty R ARIE I 5 = CAT Tk,
il V6 P 4 (reactive oxygen species, ROS)AY4 A¥,
K ouk 55 8 & 5 T OBk R B2 £k (2,2'-azobis
[2-methylpropionamidine] dihydrochloride, AAPH)
SR LM LA CuCly 75519 ML 3% B i
SRR BRI AEPIR R KB, AR
U g 2R AN B B A R TS /N BB M i SOD 1
PR/ BT AR Sh BT P R B 4 . BT
SFPERE R AR X “Co-y FRHT/NAAL
AR B DR T bt & B, Rl i A
Z AR/ GSH-Px {6 1E B2 THi o 454
A BN RIERA —E e R — B a5 ,
RE 2 10 1 $2 = B H0 AU RIS Mok BRI BT A R
R B TR, G5 i i BT AE L RE
RSP AA AN FEAYEE R E iR R C
BRI —F RS, Hh—S A2 Wik
WEENEME ST, 25204 3R T,
TR R A H L L R A8 9k I B 1 S Ik EE AL | 3
R LA R AE S5 , 7 il R e b BAT OR3P B R
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PERR 2 AR, N RIEDTAE RV IE T,
13 B9 — & Ak & A i (nitric oxide synthase,
NOS)IE 3G, FF: B ) 2 RE B 40 SO HRR A5
T iNOS =4 K E M NO, 7E St 1Y+l
T, /NERILTE iNOS T PEAkLR BT, Pl ok
it NO XS 54N, BEARHTAE 220 3 17 T
S, {H NO JRyiifuk BE o i 2377 AR M #k , 3
BLARREA, A R IR A S A NOS 1
P, B7ERESRR) NO Hith, ¥ 8 — S b A A BHE
PEAEFRFAE I H K.

MDA ZHUARE i E A =1y, HA
YRR, 2351 & — 2R 50 20 R R 485 ) AN T R 1 18
I, B e T AR AR I CTR AR T AL A i A2 46
R . ARIGH, BrAE AR/ U v
1 MDA &2l T e, PUERM KBRS
A A L Z M EEER . FFHEPIS KRR
HE B ANRR R AR I R B A
P MDA s i5EI , 2558 BRTE SR
YE R K BUMLTE R A MDA &8 FRE, 1 H 5
A R SR A DG, R R iPT A
Mo AR SIZE50 AR, NEURIR AR
J& , PR R RS T /NI H MDA &
AR, 2R T HUAE AR MR T AL 5 5L
) 240 453473 o
32 ZEEEEMNDNRBBEMEY S HFE
B =2 N

Jo T ASAS 2 Wi 2L B0 0 T A IR A ) = 2 35 P
W B G B DI RE M A, Hoh i i
AEWAGER AP TR LA AR R T2 5
MR 22 BKS58 3R T, TR 4R R38O e RS e
IR 7 2 P T fdt B vp 2 5 SR PO, AR
5638 50/ B T I A 1 16S rRNA Kk (] 1 3
SO AT OTU 21, 7P U B R 08 1 45
P & BB 20 5 00N B I ik
KEEG, R REAIFRSZIS,

1 4ab 32 7 7 T T A= 00 T R U235 ) R
BAEE R B ROR S R AR 2 R B
R, Sl RSB R L, THTER
T E 2 T B0 18 A 2 A SR R AN s
PR . RIAEM FEHE R, AR D AR
A PR /N BRTE R AE R BE A T2 i, HAEH]
FEA R BLAE N W 18 T2 0 A 26 32 B el & 0E
IR, T 23 o 2% i T TR Y ZE RN 45
SRV I B HORE

/N B E R 2E o i B, A
Mg 22 A0 B 40 AE 2R 00/ B T R RE T )
SRR TR 32 B8 LA S T o JRERE TR
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DA Wi B A AR G L, E N R 2 i 1 (R
RS PYARNVERE bR , A hR A1 0 PRS2 5 A
AN 2 BOBEBRIAOCET, JERTHE R B, AT
i SR BRI IE T F/B (R
R S A R R R 25 A YL X R A i i
RAEE L U F/B ER AT HUAE 2GS K
49 /)N BRI T TR R R 155 1O o

TENIE T, 5 4 TR BRI AA RH 447 18 TR
SRR, TS 28 2 A B T 1 R i B 2 T |k
BRI . LA AR (Lactobacillus)1E R
MU 2200 2 AL T RE , ANOURS B HUIA S AL T4
Bi, 25 THUAR R RS, dd A SRR 5E
difn, TRV, SEH0 RE E
B35 1L 3 PR A 2R L0 4 T AN T RE A R 1Y
WIiE N 5-F A& sk fEdE AL, Hh
W W & B0 9 BR 2 1 (Clostridium  butyricum)BE %
O3 VAT R A 52 IV R B[] o T PR A T 7 17 1 v
7 TR A A 2R 2 T AR SR T AP AR
BRI P TEDUA: RN T 2 AR A1
F49 70N Bl 0 3 T A PP AR TR AN LA TR H AT R
g0, i B A2 B ek RO FLAT
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