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Longitudinal Study on Dynamic Alterations in the Gut Microbiota of Collagen—Induced Arthritis and
Normal Rats Following the Prolonged Administration of Total Glucosides of Paeony

PENG Jine"*?, HAN Yaxin®™®, LU Xuran®’, XIE Kaili*?, NAN Nan*®, CAO Wei*, GONG Muxin2‘3(1.Department
of Pharmacy, Beijing Ditan Hospital Capital Medical University, Beijing 100015, China; 2. School of Traditional
Chinese Medicine, Capital Medical University, Beijing 100069, China; 3. Beijing Key Laboratory of Tradition
Medicine Collateral Disease Theory Research, Beijing 100069, China; 4. Guang’ anmen Hospital, China Academy
of Chinese Medical Sciences, Beijing 100053, China)

Abstract: Objective In order to find the main gut flora and its metabolic function regulated by total glucosides of
paeony (TGP) after long—term administration, and elucidate the mechanism of TGP in the treatment of RA by
modulating the flora, we carried out a 12—week longitudinal study in collagen—induced arthritis (CIA) rats and
normal rats following the prolonged administration of three doses of TGP (948, 474, 158 mg-kg™'). Methods Male
Sprang—Daley (SD) rats were randomly divided into normal group, model group, high, medium and low dose group
of TGP. Fecal samples of rats were collected before administration and 4, 8 and 12 weeks after administration of
TGP. High throughput sequencing was performed by using Illumina Miseq platform. The operational taxon (operational
taxonomic unit, OTU) and alpha diversity index were measured with corresponding software, and the similarity
analysis of community structure including beta diversity analysis, visualization analysis based on graphical
phylogenetic analysis (GraPhlAn) , partial least squares discriminant analysis (partial least squares discriminant
analysis, PLS—DA) and linear discriminant analysis (linear discriminant analysis effect size, LEfSe) were used. At
the same time, the taxonomic composition at different levels and the flora function prediction of PICRUSt
(phylogenetic investigation of communities by reconstructing unobserved states) were carried out with the help of
database. The dynamic alterations of bacterial community structure and metabolic function of flora were analyzed at
different time points in each group. After deductions of the same alterations of flora over time, the comparison
between different groups was carried out. The same alterations in the gut antimicrobial caused by TGP administration
were screened out in CIA and normal rats groups or in different dose groups. Results (1) All three doses TGP
affected the time—dependent changes of OTU in CIA rats, but only low—dose TGP affected the time-dependent
changes of OTU in normal rats. (2)The middle and high doses of TGP affected the time—dependent changes of alpha
diversity index in CIA rats, but three doses of TGP did not affect the same index in normal rats. (3)Based on the
analysis of beta diversity, GraPhlAn, PLS-DA and LEfSe, it was found that the effect of low—dose and high—dose
TGP on the fecal flora in CIA rats is stronger than that of medium—dose, while the effect of medium—doses and high—
dose TGP on the fecal flora in normal rats is stronger than that of low—dose. Coprococcus is the common dominant
genus both in CIA and normal rats after TGP administration. Akkermansia, Sutterella, Bacteroides, Paraberoides
and SMB53 are the common contributors of flora following administration of different doses of TGP. (4) The
taxonomic analysis showed that the function intensity of different doses of TGP on the flora was dose—dependent in
CIA rats, but it is similar in normal rats. The effects of low—dose and medium—dose TGP on the flora of CIA and
normal rats were different, while the high dose of TGP had significant effect on the Peptoccaceae and Coprococcus
both in normal and CIA rats. (5) The flora metabolism function (function) “Biosynthesis of Other Secondary
Metabolites” in CIA rats increased, which could be reduced by the middle dose of TGP; Three doses of TGP
significantly increased the “Endocrine System” function in CIA rats, and the middle and high doses significantly
increased the “Immune System” function, and the low and high doses significantly reduced “Cardiovasular
Diseases”, “Cellular Processes and Signaling” function. High dose of TGP decreased “Immune System Diseases”
function in normal and CIA rats. Conclusion TGP has stronger effect on the flora regulation in CIA rats than in
normal rats. The flora and flora metabolism functions regulated by TGP mentioned above explain its therapeutic effect

on RA, TGP administration in different doses affects different flora and flora metabolism functions.
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Coulter 2~ @, %% 5 : A63881; PicoGreen dsDNA
Assay Kit, FZ[E Invitrogen 23 A, 185 . P7589; RNA
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o A R AT vegan TIRE, @A ITE T
(analysis of similarities, ANOSIM)"* "/ FIZE S 19 J7 22
Z L HT (permutational multivariate analysis of variance,
PERMANOVA)PP-Aili 420 22 () i A U eV 24 22 5o

1.8.2 JTF GraPhlAn ([ ML 47 %ET GraPhlAn
AT BT s 282 A AR R
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Table 1 Effects of three doses of TGP on the time—dependent
changes of OTU of fecal flora in normal and CIA rats(n=3)
i it/ OTU 404 A OTU Hut
(me-ke") 0 4 8F 128 0 4 88 12
AR - 3466 3188 1893 2507 1314 795 306 619
HHO158
HIEEA 474
FATEHRARERA 948
AL R4 -
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2.3.2 JETF GraPhlAn BRI ALY -2 R B A 4s
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Figure 1 Effects of three doses of TGP on the time—dependent changes of alpha diversity index of fecal flora in normal and CIA rats (x +s7,
n=3)
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Figure 2 The effect of three doses of TGP on the time—dependent changes of fecal flora structure in normal and CIA rats based on

unweighted UniFrac NMDS analysis
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Table 2 Common dominant microflora among normal groups and

CIA groups based on GraPhlAn

415 I £ A ﬂ I
EH BRI Bacteroidetes  Bacilli Clostridiales Lachnospiraceae  Lactobacillus
Firmicutes  Bacteroidia Lactobacillaceae  Oscillospira
Clostridia Prevotellaceae Ruminococcus
Ruminococcaceae
S24-7
PRI 254  Bacteroidetes  Bacill Clostridiales Lachnospiraceae  Lactobacillus
Firmicutes  Bacteroidia Lactobacillaceae  Oscillospira
Clostridia Ruminococcaceae  Ruminococcus

S24-7

S AR R OE T A D 2 RE DR 3K 2 (AT S X T
RIS D175 5 TR G148 K BRI S 52 i) 74 L 47
AW B G

2.3.3 PLS-DA /3#1 1 LEfSe 7304558 PLS-DA Z3#r
o, A 3 RIS IE B 2 R4S A AR TR 4 B 20 TR
WELEH, FElF—mf e, AN RERL, KN
(i) A5 ) TR R 85 A Bt o) ) 2 A 25 e AR AR Mk (H2 45 IE

WADIFARBERS TR, AR BRI, K2 A
LG ZG 0 JH B2y 4 ), PRI 2S 8 JH, WIAEAS
2B WA R, HBIZR2Y 12 J8, TRRES5HE 22 57
ARSI, BIVES 25 FUAS 25 245 1 1E 3 R R0 T
ST HA ATRIEERE ) . RN 0 JA 3 4.
8 JEMAREA K, (HZH] 12 FASLBA &, A R
fi5. o w252 4. 8, 12 ), FEfR
RESS M EEA BRSO R SE 4o TRl il L Py AT A
T 4 55 12 FIRYEREES AL LB, Ui Bl
AERS,  FIAT R R B S5 5 R OG5y R K L T R 45
LAEBRE RER(SEE S IS SN i S L R EN-DRE 2 VR £
FIREE fE

A RSAE 4 DR G BV R 2E R, [RIE
PLS-DA 73 Mt H 5 Ak 28 i 505 5 28 {H (variable
importance in projection, VIP) KT 1 W JE . FIFRIE
HOO IR 4 AN 1) L [ A8 2 TR AR A A 22 S B
BLTTHRE Prevotella J& , AL AN S WM 1 3h48
AL EYIE R SRR S5 1, BAT R,
e 79 e T 0 TE R R BUTE 4 /> I 8] i 20 T AR 4G
W25 FETTI R B2 2. 40 94, Ui

R3 HMBRERAEREHABNLFABHENLBERARRAN X BRBMEMERE

Table 3 Dominant microflora in each group and more than two groups after deducting the common dominant microflora among normal

groups and model groups

415 I 44 H # &
1EH X R Lactobacillales Peptostreptococcaceae  Clostridium
Bacteroidiacea Prevotella
Bacteroides
AT AT e I 4 Erysipelotrichi Erysipelotrichales Peptostreptococcaceae  Prevotella
Lactobacillales Coprococcus
FATRET . SR E R 4L Verrucomicrobia ~ Verrucomicrobiae  Verrucomicrobiales  Verrucomicrobiaceae Coprococcus
Akkermansia
IEFRTRAL . AT R IR R A Lactobacillales Peptostreptococcaceae  Prevotella
R R4 Turicibacterales Peptostreptococcaceae  Turicibacte
Clostridiaceae
Turicibacteraceaer
[Paraprevotellaceae]
Prevotellaceae
AT SR A A ZH Veillonellaceae Roseburia
Prevotellaceae Phascolarctobacterium
Bacteroidaceae Prevotella
Bacteroides
FIAT AT rh A A 4 Lactobacillales Peptostreptococcaceae  Coprococcus
[Paraprevotellaceae] [Prevotella]
Prevotellaceae
Bacteroidaceae
PP T v A A R 4 Verrucomicrobia ~ Verrucomicrobiae  Verrucomicrobiales — Peptostreptococcaceae  Coprococcus
Verrucomicrobiaceae Akkermansia
FEADG IR | AT S IOR) R A AU A Prevotellaceae
FEADGT IR  IAT H rhoR) S AR A A Peptostreptococcaceae
[Paraprevotellaceae]
Prevotellaceae
FERIGTRBLE . (AT A A AR 2H Peptostreptococcaceae
HATSTHIR ., Hril o Prevotellaceae
Bacteroidaceae
AR 7 AR R 2] Peptostreptococcaceae  Coprococcus
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Figure 3 Effects of three doses of TGP on the time—dependent changes of fecal flora in normal and CIA rats based on PLS-DA analysis

B 7R 2 1 0 22 S B DTERE A SR ORI Z . o
Coprococcus J& & AN AR . WL &I 4l 4t
] Y 22 5 - DTHR ¥, Akkermansia J& & H AT B H
Hh R R B IR 2 SR R Y 25 S DR . AN BRAR AL
HRZH 4 A [ 5[] 0 296 08 TR AR 495 1) 22 S 1) 2 1
MR Christensenella . Clostridium . Dorea J& , &I
AT LS T B 25728 A A e T 15 S 18 5G4 48 KRR
FEMERBFLH . AT o R T O
JE5 5 R OGN R K BUAE 4 AN R] 28 200 B R 254 25
A EETTIR R 0002 7. 4. 84, BEHIEAT
SR s 0] o 0 a5 B O R R B HE Bl 2
A FEITTB B E B MR h R R Z, Hh
Sutterella J& & FIATEHAR . v, s 70 S A Y 21 S )
AR RE 22 5% DTk, Bacteroides ., Parabacteroides J&J&
FIAT AR . e 7 A TR A L ] g TR 25 5 DTk
W IE R B2 SERD FRAA XS L, R TR
22 500 FEETTERE R WA o B [a) — 50 & Ay S
X IE RIS 7 S B OGY R R BR 4 A ) s i 255
SO HEAT EEXT, R I AT SRR X6 T
WA R R B S A 5 M v 22 57 F B 0THkE R
DUARTRL 5 AT S v 7] X6 T 0 i e A G
RKERB B AFZ M Coprococcus J& >R AH [ 1 T/ #f 22
S OTHRET 5 AT ST R 70 00 T MR 55 B G
R KA SR T SMBS3 T AR ] B o B 22 5+
DUHRA , (EASE R T o A U Y O R D i S A
KRR R A AR 2 5, HATE

F4 SHAEENSEMNEENMREFSEXTRRARAY
JF#EER LEfSe M TEMAREZERH PLS-DA 4347 VIP &
XF1HER

Table 4 The genus of fecal flora with significant differences
and the VIP > 1 in PLS-DA

analysis after administration of three doses of TGP

over time in LEfSe analysis,

EA2RI
ikl
0 4 8 12

TR Prevotella
AR R 4L Oscillospira Coprococcus
HATRH PR EERAL [Prevotella] Alkermansia  Coprococcus

Prevotella

re4d 4

FIAT BRI E 4] SMBS3

Lachnobacterium Bifidobacterium Turicibacter

Lachnospira Coprococcus — Allobaculum
Bilophila Akkermansia
BRI IR Christensenella
Clostridium
Dorea
FAT AP BAL Bacteroides Allobacubum
Parabacteroides Pseudomonas
Phascolarctobacterium
Blautia
Sutterella
FIATRTFP B4 Sutterella Ruminococcus — Coprococcus — Lachnobacterium
FIATSTF R B4 Bacteroides Prevotella
[Prevotella] Oscillospira
Parabacteroides
Lactococcus
SMB53
Sutterella
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4 . Bacteroidales H . Prevotellaceae £l . Unclassified
Prevotellaceae J& . Prevotella J&F)FIXT 3 VL K F/B 7E
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JETHE R E B (P <0.01, P<0.05), Oscillospira &
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FIET T4, 12 J& 34 R] T e e 575 & B OG5 4 R B
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2. BH. B BAKE L, AAT R R T
H. B, BAKFEL, AA R IRE T IER . 8
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SR VLI TR S RBOC RORR, BHATEH
e ARG R IR T RO RGeS
“2.3.37 LRI, FAT R 25 7R i AR R4 24 oA

[F] 14) 8 FO) S 52 e ) R
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MZTENT AN, B B BAE L, BN AH
ik, o @Rl R IE R KR 9. 120 14 Fhig
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I3 A G S RO R 20 6. 11 FhiEY)
FREP A R o PR AT S H R 4 25X R R
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PO s A I S B G RO P,
FIAT R TGS M s R TR . il
2.5 P15 28 A PICRUS 1# #F 2h fiE i i 25 L 1Y
WO EEX A, AATETR. P s R
H IS LI 5-A o 1R IE 6 BRZH vh o Ay B AR
ey I aE, 5 0 A Ik %, Transport and
Catabolism ( iz i 1 73 fi# 1C i ) . Neurodegenerative
Diseases (Pl ZiR 1 T P08 ) & (AT SR . 7l & IE
AR X R R TR Y 2 A RE DI BE (P <0.05)
Enzyme Families (BE5M5 ) & FIAT R & i IE R
2 AH X 3= B E AR 1 A BB T AR (P<0.05) 5
Circulatory System (¥R 548 ) £ HATEHAR . =it
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BERDX HRAH S A SR by R AR 2 1Y
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Figure 4  Effects of three doses of TGP on the time—dependent changes of gut microbial composition in normal and CIA rats at the

phylum, class, order, family and genus level based on taxonomic composition analysis(x sz, n=3)
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Figure 5 Effects of three doses of TGP on the function of fecal flora in normal and CIA rats based on PICRUSt analysis (x +s3, n=3)
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Metabolism AYAHXT = B 7R IE 5 AR 5 AU R R
AT (P<0.05, P<0.01); Circulatory System
FRARNS S BELE I 2H 45 24 4 R 2 T /5 (P <0.05)
FREERAN(P<0.05, P<0.01), 7EREAIZS 2 )5 I
ZEREAR (P <0.05, P<0.01). FIATET ol of i 4
IS 75 5 28 G5 AR IR B 2l 25 5 1l v B8 A (] 1Y
WAHFIIEE . HATEH SR E TS, Immune System
Diseases PAHXS = BE 7 1F 5 AR 175 T AL G R KR
R SREAR (P <0.05); Amino Acid Metabolism A% H X}
FREEEER KB TE (P<0.05, P<0.01), MTEMK
JEF BT R K BPREIR(P < 0.05).

3 Tt

3.1 AW SRR XN Bhrds KRE250h 2
W IE FE AR, AR A5 ik, AT
KR — B[] S 25 A 5 X Al b A fe 7
WRE, DABEBTRL, [EME LR 252 1K 0 4 Ak
WEZE (g5 LA, BEFRIRE . BRAK, #
R I 18 TR R AR 2 A 2R Bl 25 - R 0T S e 4
BAGRm, FH & BAS R s A] 5 25 ) 08 2 0 B REAS
—3, DIZ BRI HILRAL A L, kLT S i
— BT . ABETER A T 5 2 AR N A 5T
e, FEFTOrLESIE B 6 B | AR R4 M 4 25 4
LR RS AR L, R X —
BAELRWTT B IRIEE 57 A s T, B
i RAERUR Bt R A, HILARAR B ] 7= A X
f 2L o 9K I 114 4% 2L I 1 1) 8 6 4 ) B9 28 Ak )
FEAEA TR b, Ok o (AT BT K IS 254 IE
A A R B b DA SR A 50 3 DAL 35 A o 4 9 0 34
W, AR AT B R e PR O R R T A e
508, AT, ARG 078 -5 m) 0F 58 19
SR E S, A BT A R AT R 5
BB RHAY TR S L o

3.2 W LTEMBEMAEN 2T PLS-DA Ml LEfSe

a3 M AR TR R R B 0 R AR O T Y I A 25 e A
Akkermansia J& ()AEXT 3= BE 28 (AT A T TS T+ o
T JE D35 5 0 OG5 48 R BRL o i 2 7 OC T Y B I
2% S W, Sutterella . Bacteroides, Parabacteroides J& 1)
FEXT = BE 28 AT S T 1S AR 78 IE 5 R R 35
S RO 98 R B ] N 0 B (R4S OC T Y B I 22
WA, Coprococcus & B AR XS 3= B 28 (AT A T il J5 1
Fhis 1M SMBS3 J& B ARXT B2 AT B T s 3
R, bR A S T 38U T 1 T 7E SOk s
MRTHR . BB RIEVEPE . SAE B 1200
ASCHE R - BWA 5 R R R,
Akkermansia . Coprococcus J& B A X} =F & 7E 4R JE 9k ¢
TR B AR, & & Akkermansia muciniphila 19
FEMETE YRR A T BB S Bt M4 I 2 B
Y B fH" . Akkermansia muciniphila W] 38 33 53 5
PR JCRR R N R e 5 R AR B™, S VIR ]
ok /b R BRI JHE /B D5 B, TR I 4 Akkermansia
muciniphila TEN7TE & EE MK 28R A2 P B 5 0
PR S v RR AR B 5 1 K U T A e R0, B
5 Akkermansia J& BYARXS - BEN, R EE TH
AR AR . B HAER Y B B REAIC Akkermansia 1)
AR S BE R R OME A2 T R G (Clostridium difficile
infection, CDI) &5y 2 IR TE FZh i K 1 322
JRRZ—, CDI 318 i FEM U MR AU InGY 7
Ja Wi & &% Coprococcus J&™. iR AAT BAF T 15
R APR 1) TR 78 SCHR I TE T X OG5 48 . A B S e Pk e
o RIEPEBIR S0 5 AR SCEE R — AT TEE
PO T R W B A 8L Bacteroides  uniformis
Bacteroides fragilis Y% £ & , 165 & R W
Bacteroides caccae 32 F =™, FESLINE A B s Pk
HHER, R TR BMEM R GELL BRI B
F AN R R R T B4 JE AR ET, Bacteroides
Ja& AR = BE RN . BT AR AT TR YT REAR T i A
TRE T B4 e I P LAE K B SMBS3 Ja AR o A
JER I AT R AT BEIE S IR Y 3R BT TR A
JE I 75 S R G R B A A i VR

BT IRV 3 282 L AT T R L
i & 8 25 L WU B, Unclassified Clostridiales #}
Unclassified Clostridiales . Oscillospira J& BFIX 3B 45
FIAT B T 105 Fh s o 7 I R a7 S B DG T 4¢
IR B (] B 07 5 EE S G E B TR, Peptococcaceae £t
Coprococcus J& W AH X = FF 22 (AT B T s ¥ 7
o HH Coprococcus J& AR AR Stk —2, 7F
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WA FRECIR o 3R AT S T 1005 5 09 TR 7 SCHk
HIE RN . H BRI . RIE B
UM SASCE R — S A . X IR A, 7EfE
TR L] Unclassified Clostridiales BFAE %
FEREWDET, IR IR R IR Y 2 R PR
KEMEERE, v Oscillospira JEEM . BLIH AT
ST AT RE I o 1R b R AR T R s LG
WRKB=AH H1EH . KA Peptococcaceae B
A AR A R HRIE

3.3 WRFIRERTN  PICRUS A FH TR 849 I 5 4 i
ARG DD RE A 00, AT DIEIRN R S
EATH CTIRE” XFNER . ABIESE A U i T A
KRR IR REREN BT, 5 1EH KR
AZAEAS R B9 JE Transport and Catabolism (%12 5 /73 i
fRi4) . Biosynthesis of Other Secondary Metabolites (
A AR W 0 A ) 1) B R B B T
1M Circulatory System (fffi ¥8 Z 45 ) i AH X =F B2 W 4 &
. P2 57 S YOG4y R R BRI T A D R 4
SR, SR AT S RS R AT, T
Biosynthesis of Other Secondary Metabolites 7] # H1 5]
HEATSAF MR, HAh, Immune System (2% R 40)
s R AT ECH T IR R S T A OG T R KR
Je B B I E AE DI RE . Immune System Diseases (1
P2 ZRGEPRI ) S e ) o AT R T T AR
B OG5 R R R X [ AR Y T8 A DD BE 5 Endocrine
System (NI RS0 ) A& 3 AN FIAT S T TR 5175
RO R BRI RIS A IRE, Cardiovascular
Diseases(OMALEH# ) . Cellular Processes and Signaling
CE AL 3ok AR RN ) DUDARG L s 77 B Sl AR 1) T
HRE, 5 HEATEEAE R 125 Al 2 e
KERAT RN 23 WA 25 L KRt L A7 v 9 B i
RO

3.4 AT RE S AT BT R R 5 R OG5 KB
T HPE R OCYE A UREZH AT MIE 2 R A, BROC
WIS W VEGE &4k . AP I G0 25 0y 1 e
TR AR ST 4, 8. 12 X R i S
KPRRKBBSIEZ . 42RRY, FE 4250 1]
MEER, AT BT AT R ET T VEGE 7K P A 1 17 1
A8 A SR T8 58 0 i 14 4 5 JE Ak R R Tha 20 i A
Th17 497K K 138 Th2 40 F Treg 4 MY 7K F
R 45 100 75 S B G 48 RBP4 i S A
iy, VLB~ R AT BB A B S 52 - R
E SN, TR AP I B35 5 R 5 98 R B2 TS

DIRESE T, ufgRe 1 PR 245 25 4 RE 3%
WAL MAHETER AN BT 77k 2 B T H
AT R 2 2R R A T R TR, S A
BB MR il i BT ST 4G R X L, g e i E 2
WA s L AU RBE . NI AR S AR
IhRE, HE—LRAE T IE RAE ] RETE AT R
S A DA S B O R K BIR T RCR R AR
7 Fsf ¢ BRLAN [7) 50 1 A 5 532 T (94 T P R T A
IIREANTA], AR T AN [) 002 1 AT X e AR
BROCTIEA . WBIE VEGEF &8 | S E Il S e S5 4545
2R E R, B, AHFFE ORI A X H
AT T TR A 5 2 5T 9 R RURITIE K R
PR FHEEAT TRIESE, 45 2R g i B R HOR T 2R KGR
KRS HAGAG ISR B T 2%
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