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Abstract: We evaluate the therapeutic effects of baicalein on chemotherapy-induced intestinal mucositis (CIM)
in mice. The role of gut microflora regulation in the therapeutic effects of baicalein was investigated meanwhile.
Male Balb/c mice were randomly divided into three groups including normal control group, model group and
experimental group. Except for normal control group, mice were injected with 5-fluorouracil and irinotecan to
induce CIM. Animal welfare and experimental procedures comply follow the rules of the Animal Ethics Committee
of the Institute of Materia Medica, Chinese Academy of Medical Sciences. Baicalein significantly reduced disease
activity index (DAI) of CIM mice and decreased the content of interleukin 6 (IL-6) and tumor necrosis factor «
(TNF- ) in serum. There were significant differences in the composition of the gut microbiota among groups
according to the analysis of o diversity, £ diversity, and the species differences. Compared with the normal control
group, the Ruminococcaceae_ UCG_014 and unclassified_f Lachnospiraceae in mice of model group were
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significantly decreased while Bacteroides, Escherichia_Shigella, Enterococcus, Parabacteroides, Clostridium_
sensu_stricto_1, and Lactococcus were significantly increased. Baicalein significantly decreased the abundance of
Bacteroides, Escherichia_Shigella, Parabacteroides, Enterococcus, Clostridium_sensu_stricto_1, and Lactococcus.
Meantime, norank_f Muribaculaceae was notably increased by baicalein. The content of IL-6 and TNF-« in
the serum of the three groups were positively correlated with the abundance of Clostridium_sensu_ stricto_1,
Lactococcus, Bacteroides, and Enterococcus according to correlation analysis. This study suggested the potential
therapeutic effect of baicalein on CIM in mice. Regulation of gut microbiota probably plays a critical role in the

therapeutic effects of baicalein.
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22~27 °C, M XTHEE 60%~65%, Y8 12 h, H HiHEa .

TROK o B4R R RS2 I6 Ik F2 2 1105 v [ 2 24 ) 22 B 24
VIt 5T S B R T HLE

A VRTINS EH R (MR E RS
Bt 25 VT 53 BT B 47 8097 F5 A0 ) 25 6 B i 2L, & R
1% 5 200710177330.8, 1 24 AH £ 15 A W 46 i >98%);
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=80 CCARAEFFM o 20 ARFE /N BR, 51 FF JE Js WL ¢ 485
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357) =AW IME . 75 SR58 1 55 3~8 R 4l b &40
N R IEAT RIS B FR BT 4

RIBFM S5 A S I AT BRI )
Jr, BN S um, 3T H&E YL o, 55 N W 52 45 i 41 41
A fEm ST s DU ET M 8802 13 H B LT i 27
I, B HE B JE A TR B2 1) A A% 4 P S v R PR
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F, B e R4 overlap % R AT PHEE, IR XT P 41 o7 &
HEAT AR RS IR, X7 A G ¥ 354 4 25 5T (opera-
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orT, IEEET OTU AT 2 Fh 2 B FR B0, B4 a
Z FEVE 53 BT < B 22 BE%E 20 BT RN 22 SRR 22 53 40 ) 90 A
(linear discriminate analysis size effect, LEfSe); {#
spearman correlation 73§ 24T F1 858 Al AH G PE 23 A o

FitFE K L4 R DL x £ standard error of
mean (SEM) % 7w, N 1 GraphPad % 14 % $i 4% i 17 ik
P, K20 ) 72 R LR 3R 07 22 73 M1 (one-way ANOVA)
J% Tukey's post hoc test i1 %, P<0.05 f{ % 41 [i] % 7 &
A4t L.
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MELE B EZER (P<0.01). M7 Kk, 518 4HH
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Figure 1  Protective effect of baicalein (Bai) on mice with chemotherapy-induced intestinal mucositis (CIM). A: Effect of Bai on fecal

excretion in 3 hours; B: Effect of Bai on disease activity index (DAI); C: Effect of Bai on fecal storage. n = 8, x # standard error of mean

. 'P<0.05, <0. vs model group, *P<0.01 vs control group
SEM). "P<0.05, ""P<0.001 del #p<0.01 |
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Table 1 Protective effect of Bai on diarrhea index in CIM mice. n = 8, x + SEM. "P<0.05, “"P<0.001 vs model group; **P<0.001 vs con-

trol group
Group Day 3 Day 4 Day 5 Day 6 Day 7 Day 8
Control 0 0 0 0 0 0
Model 0.500 + 0.189 0.500 +0.189 1.130 + 0.125*# 1.500 + 0.267## 2.750 £ 0.164** 2.880 £ 0.125**
Bai 0.375 +0.183 0.500 + 0.267 1.375+0.183 1.250 + 0.164 2.125 +0.227" 2.500 + 0.189™"

RIFH o AR/ R R IR 2 400, Baas Az
FEJR ML 2k, MR b, BRI IR AR 2, B
I 2 TR MR R IR 1T 2 B R 2 I S A R A
2 141 B IR i 5 AR 2H A L 2 IR 3 G (P<0.05).
3 BERXWNCIM/NMRMFEFIL-6 X TNF-a 228
AL

Wi 2B F, 1EH X FRZLII 1L-65 5k (122.900 +
8.336) pg-mL~t, #5714 Jy (154.800 + 2.484) pg-mLt,
P2 2 1) 22 5 B3 (P<0.05); 1E 5 % 8 41 10375 TNF-a
&N (35.630 + 1.076) pg-mLt, K57 41y (58.480 +
4.117) pg-mL7t, P4 2 [A) 2 57 2. 3% (P<0.001). BE% 3%
A 2 A/ BR ML H IL-6 ¢ TNF-0 &5 &
4 FHEEWNEHZHMNEN

IS o M B2 FEME AT, KR — RYVG 550148
HR Ak AR R AE R VR ) BE AT Z FE . Sobs.
Ace Fll Chao 5 ¥t F >k VF i & #f 42 P 1¥) OTU % & ;
Shannon A1 Simpson 5 % H1 >k PF Al B B (1) 2 #E 1
B 1) 2 FF 1 8% 57, Shannon i B K, Simpson i 8 /)y
Coverage F8 % & SCE 78 55 5%, [ WLl 7 (IR B . 1%
T BOBRAE T T 1, Ui B FE AR PP 51 AR AR I (14 A 2 A1

14 2 fif 7%, Sobs. Chao 1 Ace 15 ¥ 7£ 3 4L h ¥4 &
2 e, TRV Pl R AR O A
# F#AR (P<0.05), 35 % & 45 24 H B LA W B T v
VIAh =S B o 4R ORI RE Il 2 b A A R o 2
T B AT b, U St B S, W] Sk
FEAth 4 R Z B A 2 e B (B 3A). FR
(Venn diagram, Venn) &7, 3240344 270 4~ OTU, 1E
xR RN AR 4 3 AT 283 4N OTU, 45 B 41 8 25 3%
YA 29240 OTU, IEH X A AL FN B 5 R
S5 25 LHMAT 1) OTU #7237l v 43.22 #1394~ (K&13B).
T A HR 4> H7 (principle coordination analysis, PCoA) Al
T 4 4y M (principal components analysis, PCA) 1,
REGNAARR (1 E 43 EE R 7R 32 7 il R = A il o A A 20
FRCZE S R RE AL, X AN Y Bl IR %1 B R A X R ES, TE
SPRE o g5 RN, BRI IE B 0T R AR L, BT
git =R B RGAH S X A MR AR S
i, RPIHFE ARV P BAREL (B13C D). FHEZ
4 KRB (nonmetric multidimensional scaling, NMDS) H
AR R0 GA] () AEACh I BIORE S 1 04 5 il R )
FF B P PR R A, AE DR R I AR 0 O 08 R I R

Figure 2 The improved role of Bai against CIM in mice. A: Pathology score in each group; B: The content of interleukin 6 (IL-6) and

tumor necrosis factor a (TNF-a) in serum of mice; C: Representative H&E-stained observation of colonic sections (eyepiece x objective
magnification) in three groups. n = 8, x £ SEM. "P<0.05, "P<0.01, ““P<0.001 vs model group; “P<0.05, **P<0.001 vs control group. H&E:

hematoxylin-eosin staining
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Table 2 Gut microbiota diversity indexes in three groups. n = 5, x + SEM. “P<0.05 vs control group

Group Sobs Shannon Simpson Ace Chao Coverage
Control 257.8+6.21 3.206 + 0.115 0.124 + 0.026 293.2+7.80 296.9 +8.33 0.9 +0.000 06
Model 173.4 +28.77" 3.089 + 0.099 0.098 + 0.017 203.0 + 30.60" 213.5+33.46" 0.9 +0.000 22
Bai 245.8 + 33.11 3.351 +0.295 0.084 +0.022 280.7 + 34,51 285.1+41.41 0.9 +0.000 14

FH B R [0 2 PR 5 5 48 i s i 0 47 1 Y 2 4
JUEE 5y #1 . Stress {H AL 5 T NMDS 43 #r 45 R 195,
stress<0.1 A A 4 NMDS [ — 4 i B A A ST A
IRUFBIARFRME o 40 B 45 SR S s b HR 4L R A% 78 4 401 i)
AR B,V B T 2L TR R 0 A RROAE LE B S, T B
KRG AM G A FEA s B0, 3R 38 %5 2 1 1
Py L AWK 2 21 H KF (B 3E).
5 CIM/M\RMESREGTEEFIMITL

Z 9 Rl 2= S 50 43 4 (linear discriminate analy-

sis size effect, LEfSe) A 43051 4> #r (linear discrimi-
nant analysis, LDA) 25 L E 7R (B 4), X HE4H A f Rumi-
nococcacea (J& B Bk B £1). g_norank_f_Lachnospiracea
(B 12 # #1) .f_Acidaminococcaceae (& 3 B2 3K 14 ) «
g_Phascolarctobacterium (% $i 1 4 J&). g_Muribacu-
lum == & %5 i ; A5 7 4] b g_Bacteroides (3L FT 5 &)
c_Gammaproteobacteri (2% J% B 44) . f_Enterobacte-
riaceae (AT B Bl) F BB m; MR IBIT A g_
norank_f Muribaculaceae. g_GCA_900066225. g_Har-

Figure 3 Diversity analysis of gut microbiota in mice. A: Rarefaction curves of samples; B: Venn diagram of OTU in the three groups; C:

Multiple sample PCoA analysis; D: Multiple sample PCA analysis; E: Multiple sample NMDS analysis. Samples of the control group indi-

cated by a, samples of the model group indicated by b, and samples of the Bai group indicated by c. OTU: Operational taxonomic units;

PCoA: Principle coordination analysis; PCA: Principal components analysis; NMDS: Nonmetric multidimensional scaling
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Figure 4 Effect of Bai on gut microbiota abundance in CIM mice. A: Distribution histogram based on LDA; B: Bar plot analysis of com-

munity abundance on genus level. Samples of the control group indicated by a, samples of the model group indicated by b, and samples of

the Bai group indicated by c. LEfSe: linear discriminate analysis size effect; LDA: Linear discriminant analysis

ryflintia. g_unclassified_o_Clostridiales (#2 & H). g_
norank_f Ruminococcaceae (J8 B EK I J&). g_norank_
o_Rhodospirillales (ZL 4275 H) F K .
6 BWEEREMNFEEFNBIEER

TR RN WA EH W E s s . FETTK
7 (phymlum level): 55t LA LE, AL AR T B 1]
P 2, R B TR R BE B 1) B SE B A R D (1 i 3
(B 5A). HARZF|JE /KT (genus level): 171 2H AT 15 1)
) Bacteroides (UL 1 B J&) & J¥ B '] 1) Escherichia_
Shigella (FE¥E [CH J&8) JEBE B 11 Parabacteroides (il
FF 1 J8) M Lactococcus (FLEK B &) F £ £ ; Clostrid-

ium_sensu_stricto_1 (KR 2 fAT 1 J8) = 5 B 251 £ ;
J& BE B ] B Ruminococcaceae_UCG-014 (U8 H EK
J&), 22 JE I 1111 unclassified_f_Lachnospiraceae (12
JiE B R} = B 2 K (K15B).

HEEMAMLEL, KV B REHHLTRE
U] WA 1] R R PR, SRR T A PR AR
#OMFE T FEEA ARG (KI5C). HikZ)E
K2 %5 K 45 245 4 norank_f_Muribaculaceae 1t 3= J&
4 % , Ruminococcaceae_UCG_014 (& B Bk I &)
Lachnospiraceae (&4} F &) )= A 1 = 1),
AT B 111 Bacteroides (fUFF B J& ) 48 JE 11 11 1) Esch-
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Figure 5 The effect of Bai on gut microbial relative abundance in CIM mice at phylum and genus level. A: Imbalance of gut microbial be-

tween control group and model group at phylum level; B: Imbalance of gut microbial between control group and model group at genus level,

C: Imbalance of gut microbial between Bai group and model group at phylum level; D: Imbalance of gut microbial between Bai group and

model group at genus level. Control group (a); Model group (b); Bai group (c); n =5, x + SEM. "P<0.05, ""P<0.01 vs model group

erichia_Shigella (& %% [C B J&) J& B2 141 [ 11 Parabacte-
roides (| #T i J&) . Enterococcus (Ji% Bk % J&) F1 Lacto-
coccus (FLERET @) =F 7 W 3% 97> ; Clostridium_sensu_
stricto_1 (BIRZFFAT B ) 3 % 58 & ek/b (B15D).
7 EENINEREF XM
i #EAT IC A/ M (redundancy analysis, RDA) %
FEFBE B B U4 0 (distance-based redundancy anal-
ysis, db-RDA), 4347/ B I i A 1L-6 A1 TNF-o () &5 &
SNBSS E o BEGLALAR I 4 Eh KRR
PREAR A 2 SRR . 45 SR ORI 38 o R Y
I35 IL-6 FI TNF-o & B HAHGIE R B E N Z 7.
FE 177K b Firmicutes (JEEE B [7]) Proteobacteria (3
JEH 1)~ Actinobacteria ({25 1) 5 1L-6 F1 TNF-a 1]
RN N T £ IF A 9%; Bacteroidetes (FLAFH 11)+
Verrucomicrobia (JE i 1) 5 IL-6. TNF-a [ 7 7 55
WA T 2 AHC . Bk 28K Bacteroides (P
J&) - Lactobacillus (3L 1 i J&) . Escherichia_Shigella
BB ) | Streptococcus (% R 1 J&) « Enterococcus

(W Bk i J&) - Parabacteroides (&l #T i J&) Clostridium_
sensu_stricto_1 (¥ K 2F fi #F 1 J&) - Lactococcus (7L Bk
B JE) 5 1L-6 M TNF-a & & 55 5 R 7 2R 5%
norank_f Muribaculaceae.Prevotellaceae_ UCG_001 (¥
T K IR # &)~ Alloprevotella (#1375 ¥k B J&) - Rumino-
coccaceae_UCG_014 (& H I# J&) . Unclassified_f_Lach-
nospiraceae (-E 12 I J&). Lachnospiraceae NK4A136_
group (& " i JE). AKKermansia (% 7 2 H J8)
Rikenellaceae_RC9_gut_group (¥ f % J&8) 5 IL-6 Al
TNF-a [ & MR 7 2 G, HH, Clostridium_
sensu_stricto_1 (iR % fi #F I J&) . actococcus (F. &
J&)- acteroides (U 1 B4 J& ) Enterococcus (/i K B J&)
Prevotellaceae_UCG_001 (% 7 ik K i J&) 5 IL-6 Al
TNF-a )& BB K7 G 1 2 2 (1816).

g

DL 5- 55 bR 15 e B fF T 8 BROM AR B ST 25045 R
Pig SH AR 0 RIS, B AR 7 N ARG e T BE, Jd B LB
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Figure 6 The relativity analysis between inflammatory factors and gut microbiota. A: RDA analysis of correlation on genus level; B:

db-RDA analysis of correlation on genus level; C: Spearman correlation heatmap. Samples of the control group indicated by a, samples of

the model group indicated by b, and samples of the Bai group indicated by c

TS 473 B i 3 R R SRR, 7R AR AR I S IS S5
A IEREAR, DR AR Ab 7 I CR 4 i B 6 o e 245 44 e S
IfEIE I FEGHA T A BB R F s, K
EREN, QR ESRENNP A REMES R
G P10 AR G I OR AP VE Y, B L B ) 2 1 R Y i
TE T HEOS), (H B 25 B IA T AT I 250 B B T A i
T FT L 9 /15 B3 3 A1 AR PR U8 45 4 P e 4R

Mg RN, 385 R ]G ek s 2R 4% /0 B I
FALT 15 SRR, [FIB Jski 45 i 4H 43 b B 2k 3 s
097 < W38 S MR IR B 5 B AR 40 R 2R | JORE P 41
IR I e F e e Ar . 5 IR BB A B A, AR A
BRI EEREM L S RTRERCHEE.
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