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() BRY @1t 16S rDNA JI /715 33 48 5% % 4 3% (Duhuo Jisheng Decoction, DHJSD) 78 18 45 i 18 B 2 DLk 97 R & ¢ 3 3%
(knee osteoarthritis, KOA) *F BB ZEHL#] . ik #H 18 R SD A R, ML A 4 (44 i I 4 50 L AR E ) 40 mg/ml Byt
TEH) Z ARG S E AL AK) UK DHISD 4 (&7 ik SR A AR, B 5% £ 165 gke) , F4 6 R, #H2JH &
THET, B REE 1 K, 54 B FHREHL—RIEN AL RFHATHM , E T HE Jo & 0 EKCE & 6 ELISA A ik & 4
H/~ % (interleukin, TL)—1B IL-6 11—17 78 ik 74 35 3 [ F—o(tumor necrosis factor—o, TNF—a) 3% 5 FH F K P, RT-qPCR b 78 fi o
B F kB p65(nuclear factor—«B p65, NF-kB p65) % 1 % % ¥ & (mechanistic target of rapamycin, mTOR) AMP # & & & #%
B (AMP-activated protein kinase, AMPK)#%% & Bt JJL B2 —3- #{ B (phosphatidylinositol 3-kinase, PI3K) #y Al X k3% &, B 73 £ 18
HEAT 16S tDNA T JF 2T i ik o Bt 2 3 S5 MW= a4 A S K RINESRD , BR KL E 5 BEEMEKAERD M
A 2 DHISD 41k B 8 78 3t B XU B A 3 1 B & . HE € 45 R LU DHISD 88 B & 408 M5, MR A ik
JER B, ELISA 25K 00 A H 2= G 41 A A 8y TL-18 J1-6.11-17 1 TNF-o XFFH5 (P<O01), 48 HbEA 4 DHJSD 4 11-1B TNF-«
A AR (P<0.01), RT—qPCR 45 2% 8 AL 2% & 41, A 4 NF—«B p65.mTOR F1 AMPK 48 7 % 35 B 75 (P<0.05), # thAgE A
21, DHJSD 41 mTOR # # %} tk & 1K (P<0.05), 168 rDNA Il ¥ £ £ % ¥, DHJSD 7 LUE4% KOA A B9 7 AL 2 A, JF %vm B
o A1 B S RN AIRH B (Lactococcus ) R AT & (Enterorhabdus ) 45 = DHISD 41404 A 41 v & % 5 | 2 th ¥ #, 518 DHISD
A BB AR BT, K KOA eyt &, EHLHI 7T 8 & R 15 1 4 (4 3 0 B 1 2 B ek DA BB D 0 SR R BT K

(R$IR) JF X 3K;165 tDNA M J7; s W a8 i £ 7 WA SRR s AR A M £ 2
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(Abstract] Objective To explore the potential mechanism of Duhuo Jisheng Decoction (DHJSD) in regulating intestinal flora
for the treatment of knee osteoarthritis (KOA) through 16S rDNA sequencing. Methods Eighteen SD rats were randomized into model
group (intra—articularly injected with 50 pL of sodium iodoacetate at a concentration of 40 mg/ml), blank group (gavaged with an
equal volume of normal saline), and DHJSD group (modeled using the same method as the model group and gavaged with DHJSD
at a dose of 16.5 gkg), with six rats in each group. Intervention began two weeks after modeling, with once—daily gavage for four
weeks, during which the rat general condition was observed. After the administration period, samples were collected. Cartilage
changes were observed using HE staining. ELISA was used to measure serum levels of inflammatory factors including interleukin
(IL)-1pB, 1L-6, 1117, and tumor necrosis factor—a (TNF-a). RT—qPCR was employed to determine the relative expression levels of
nuclear factor«B p65 (NF—kB p65), mechanistic target of rapamycin (mTOR), AMP-activated protein kinase (AMPK), and phospha-
tidylinositol 3-kinase (PI3K) in the synovium. Fecal samples were collected for 16S rDNA sequencing to analyze differences in the
intestinal flora. Results Compared with the blank group, rats in the model group exhibited decreased activity, lusterless fur, and
reduced food and water intake. In contrast, the DHJSD group showed significant improvements in activity, fur luster, and food
intake compared to the model group. The HE staining indicated that DHJSD effectively reduced cartilage damage, fibrosis, and
inflammatory responses. The ELISA showed that, compared with the blank group, the levels of IL-13, IL-6, [L.-17, and TNF-« in the
model group were significantly higher (P<001). However, compared with the model group, the levels of IL~13 and TNF-a in the DHJSD
group were significantly lower (P<0.01). The RT-qPCR indicated that, compared with the blank group, the relative expression levels
of NF-kB p65, mTOR, and AMPK significantly increased in the model group (P<0.05). Compared with the model group, the relative
expression level of mTOR in the DHJSD group significantly decreased (P<0.05). The 16S rDNA sequencing showed that DHJSD
regulated the intestinal microbiota structure in KOA rats, and affected both o and B diversity of the microbiota. Lactococcus and
Enterorhabdus were the most significantly enriched genera in the DHJSD and model groups, respectively. Conclusion DHJSD can
effectively repair cartilage damage and slow down the progression of KOA. Its mechanism may be related to regulating intestinal
flora, maintaining intestinal barrier integrity, and reducing immune-inflammatory responses.

(Keywords]) knee osteoarthritis; 16s rDNA sequencing; intestinal flora; Duhuo Jisheng Decoction; microbial diversity;

relative abundance of microbiota
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PRI LTSS HAT, 5% KOA FEZRHTR 1k
IR ARIAYT A 0, SR K L 5 i I I R SR A
B, HLA] AR A B i EIVE TR . th B3R YT
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G T RETIC T P T R S R D T B R 2
o P8 R G KA, AR 580 4 L DR G e 40 A R
(interleukin, TL)—1B . IL-6 IL—17 FI& R 5L -
o (tumor necrosis factor—a, TNF—a) S , TN
 KOA Ay fE, Btk A5 B 7638 16S tDNA
P DHISD FEJRE IAiE B RE LA YT KOA
WELERLE

1 W R %

1.1z

fatHE 2 A% SPF Zifett: SD KR 18 H AR i
R 250~280 g, W F i g WS e sk SEIR S AT PR
A, VFATIES : SYXK (3)2019-0009 . fal5% TR
= 25 K% SPF AWy S bty BREE 545 ] o fe
HE(2123) C AXFIREE 50%+10% , F- 1445 K 438
R, KE A RS, B RREE AR, ' RRI SRR 4
h 12 h, ARSI AR AR R 2R R A B
YIEPRZ: B 2SR (HEfE S . LLBH-202207190001 ) .
1.2 #5#

ABEFE A9 DHISD W [ 8 g o 2 25 Ko
S E R BE IR MG 15 g FRAA 15 g 1A
10 g %215 g JIE 6 ¢ 40H 15 ¢ 4 10 g Bl
10 g HH 6 g(#1t5:92240205 92230921 ,92240156
92240836.92240528 92240802 92240407 92240945
92231239)14 FiR A LB R 25 BRA R F A
10 g 259 10 g AL 6 ¢ (%5 :AB442472 AB450782 ,
A2041902) A T~ AR — T2 A BRA R HR-% 15 g 34
I 15 g, 47 3 g (31E5:C240636,0240397240397)
WA R R — i 25T BR A A

e FIRZGFHR A TS MUK B PRI, B 1 h 26
1 K 2R B 10 5,28 2 Uk 8 4%, Bl
BRI A i i R 2 IRETW . ¥ uE s
HZAE 50 CARIBTHIEWRAFZ 1 g/mL 254
PIMRAEE , 3% T IO, 4 CORER AL,

1.3 FERFILIE

HE J4¥% 73 1L 3R 1 T (Servicebio 23 A, 4t
5 .G1005.G1005-3 .G1005-4) ; RNA #2HGR ] . mi-
croRNA 01 5% 55050 & .DNA #5&Y) Marker .qPCR
WA & (Vazyme 28 A, L5 . R401-01 ,R233-01,
MD101-02.,Q712-02) ; #% 2 Y4} (Biotium 23 7 , 4t

5:41003), PCR B EY 1Y (Scilogex A H], -5
SCI1000-G) ; it 4 CEE T (32 GE BEYF A,
#1%5.GE NanoVue Plus) ; f # 20 20 EE (X (Jingxin
N AL IXFSTPRP-48) 5 5 NS R E DAL %
B AL (Scilogex A ], K15 . CF1524R \S1010E) ; Ji
IR A %% (Servicebio 22 H, 5 . MV-100) ;4 C¥K
FH.-20 CUKFH (XINGX /A H], 145 . BC-1480Y ,BC-
628GE) ; Bt (Rayto A 7], B1*5 : RT-6100,450 nm
WA ) 5 il e 1B oL (R VDR B O WL A AT PR
oa] S TGL6W ) 5 65 2R B VR oL (i 5
WS ONULES A BRA A, B5 . TGL16M)
1.4 & sEMTH

SR FH ST JE TS 2 R 1)y I R KO A
R, W R BB TS 10%7K 5405 (3 ml/kg)
PEATIRRIR, [ 8 JE FE TSR A T 5 2 mg Bl R4k
VT 50 L IR A BRER K AR (MR 40 mg/ml),
HEAGHH BTN . 25 AR RIS 45E
TR TC TR AR BRER K, TH 3 B R B B8 M 1l 5 2
JAl, F R E RIS B, T RS TIE S E L
TS ERE 1 R AT ST K, 3 B8 K e
A B SRR R R s R AT,

¥ 18 HR RS, IR BN A2 A |
WEHIZH DHJSD 41,440 6 1, B 3 K, SHATLL
ST ST 50 L JorR A K, AW 2 F
TS, DHISD 2H K BRUAd IR 25 A i N — BRI
T B B (mg/kg) =6.17x A i (mg/kg)],
Pkt LR BRSBTS T DHISD 16.5 g/ (kg-d), 1A
2 GG T30, B R HEE 13K, ¥72% 4 J&, DHISD
HERLL 165/ (kg-d) U545 T DHISDZS K 3 mL
2 UM R N DA R R R K E S
1.5 B AiE

FETT0 4 JE 5, 045 20 R BREA T 200HE I3 457 b B
AbFE R REAUBA X RS VI B RO 2 58 G
W SR N R E - GO SRR R T R AR
FILRIZHZ o AR BRER K o T3 R | L T
HE Jeff, | HAHCE e at /b 31 57 B A -80 CIK
FAORAT , LIS e ek
1.6 MERIEFR R AT T %
1.6.1 —fIEUEE IR IR A AER O
FEALHE LA LA T « KB IE SR (B ARG
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FEUA SR BB LA

1.6.2  KERCHALURIAE BN REAERSE
A, AR FER K i I KRR SUS  BE T 4% %
RHEE 24 h,10% EDTA 55 3 J&, Wik & A
WAL S VI AT HE Yefn, K BB B A,
WA N IR T AR AL

1.6.3 ELISA £l >R ELISA ¥ 1L-18 1L~
6 1L-17 Fl TNF-o F7KF- , HARBRAE AL BRAK B
EVHHETT,

1.6.4 RT-qPCR Kl R RT-qPCR Al i s rh
¥IHF kB p65(nuclear factor-kB p65,NF—«B p65) .
A E 2 4055 1 (mechanistic target of rapamycin,
mTOR) . AMP {3 8 U (AMP-activated protein
kinase, AMPK ) FIBEREEALES -3 -4 (phosphatidyli-
nositol 3—kinase , PI3K) A AH X} F ik it . fdi F Trizol
ARSI ZUE RNA, IR E OD {8, fic il 36 %
SRR S ROV AR R R PCR AGHATY 34, I8
NS HERTH AR RS & AL 278 {E 1
B ST ANIEILER 1,

R1 BEEPCRIIMFET]

Table 1 PCR primer sequences for each gene

FEH #FK IYFEHI(5-37) FEP B Mbp
GAPDH  1EJi] ACAGCAACAGGGTGGTGGAC 253
JZ17] TTTGAGGGTGCAGCGAACTT
NF-«B p65  1E[1] GCTGATGGAGTACCCTGAAGC 141
JZI8] ATGTCCGCAATGGAGGAGAAG
mTOR 1E [ TCTGCACTTGTTGTTGCCTC 150
S ACAATCGGGTGAATGATGCG
AMPK 1E[ GGTCATCTCAGGAAGGCTGT 185
JZ 1] GCAGAGTGGCAATAGAACGG
PI3K 1E 7 GCAACAAGTCCTCTGCCAAA 222

S8l ACGTAATAGAGGAGCTGGGC

HERIZ

1.6.5 JHERERE 16S fDNA P87 BUHT K R
FEH )5, $EHC DNA JF#E4T 16S rDNA (il 5% .
{6 AR R FH S 108 1 168 rDNA 8 V3~V4 X3,
Py gt AR T RASIN S | B i lumina Mis-
eq ”?é?ﬁﬁ{ﬂlﬂf?o
1.7 SitESH

SIS HCHR S SPSS 25.0 ik AT AR B
f#i ] GraphPad Prism 9.0 #1722 &, B LA “x+s”
7, P B BT A IE 385 0 A 2 (d R P ST A AR
Ry, NG I FHRR AR 36, 3 45k 3 ZH L) L 4ln)
PO AR IE A A0 A0 R R R O 25 43 W, AN AT
G IEBS AR Kruskal-Wallis ¥:5: . LA P<0.05
NERAGIEE L,

2 4R

2.1 —REER

25 AR BUGSER , BACHA G, i w
AR IE R, B R BTG S, B AR L
TG B i ORI, SACRI4IAE [, DHISD
2B TS ShHE I AT RS IF5E | BRI DEEE
PR AOK BRI BRI,
22 HLTREBEFNE

S AR R F AN SRR RS, )RR
FEXA) R, K2 PIEZE R E RS
TH M, B AT IR AR M /NG ) 2 2 St DR
BEEROIN, BRI N e, R
21 M BRSNS R KA IR AT
LR YA, R AR AR PRI E B R AT LR
TR AU, W] KOA BRI ey, SRR A
It , DHJSD 20 #RH 2H 2R 450 i 3 00, B 2 R
5] R, BB A TC I W IR SE AR | £ 4k
PRV , S RV b, L 1,

DIIJSD 44

B SHEXRFEEL(HE,x200)
Fig.1 Pathological changes in rats of each group (HE Staining, x200)



2024 455 44 4

TR H R 25 K222 3] hitp:/fhnzyydxxb.hnuem.edu.cn 2281

2.3 DHJSD Xf KOA X 5R I & 2 i E F B9 5 M

528 AL AR BERIZE Y TL-18 L6 11-17 Fl
TNF-a /KT (P<0.01) ; 5581 26 e 4, DHISD
4 IL-1B \TNF-a 7K FRER(P<0.01) . TEILER 2,

R2 HSAKRRMFRIERTFKTFLLE (v+s,n=6,pg-mL™")
Table 2 Comparison of serum inflammatory factor levels

among various groups (x+s,n=6,pg-mL™)

A5 I-1B 1.6 I-17 TNF-a

ZSEM 1747+191 684842191  15.76+2.65  156.78+9.62
PRIZH  28.675.02%% 110.30+£22.22%% 27.3624.71%% 242.48+12.85%*
DHISD £ 19.99+4.23%4 91.07£12.56  22.82+3.46%* 168.86+30.072%

T 525 LR, #+P<0.01; SRR LA, 24P<0.01,

2.4  DHJSD Xt KOA KFREIRAL NF+«B p65,mTOR,
AMPK #0 PI3K ik B9 8400

Ejas g A U4 NF+«B p65 . mTOR FHIAMPK
() 22 I8 5 T 85 (P<0.05) ; SBIRI AT A, DHJSD 41
mTOR FYRIKF K (P<0.05), TEILE 3,

R3 BAKRBEAR NF-«B p65.mTOR,AMPK 0
PI3K RiZE L% (v+s,n=3)

Table 3 Comparison of NF-kB p65, mTOR, AMPK,

and PI3K expression levels in synovial tissues among

various groups (xxs,n=3)

%) NF-«B p65 mTOR AMPK PI3K

SHA 1.206£0.177  1.091+0.228 1.161+0.156  0.946+0.455
FRAIZ 2.471+0.606%* 5.355+£0.602%*  2.373+0.501** 2.249+0.835
DHJSD # 2.045£0.232  4.044£0.276%%2% 1.46420.635  1.554£0.191

T 525 [ EL, #4P<0.05 ; SHRIZH HL i, 24P<0.05,

2.5 BEEESH

251 HARBBEREEE o 2P LR
BHEAY 18 DR RIEREAAGI 54, AT T 168
rDNA Sl RN, o SRR ZF- 22, &
IR B e 5 B AR A AT A — 20 W, Bk 4
fis, 52 HAM T, BRLZH M DHISD 26 K Y

Observed_otus 1 Chaol F8EIIG I, F A X W 2H K
U B R YR BE R . ALY Shannon
FEEUFN Simpson T8 8w T8 H A, KRR (1Y T
BEZ ARSI, DHISD 41A9 Shannon FEXUAT Simp-
son RN TR SRIIL AR AR ERAIR , i
211 Pielou_e #5541 T45 141 M1 DHJSD 41, L
RS

252 HHAKXRRBIEWHE B ZHM LiyEk
NMDS 43 #HT 11 stress {H A 0.06 , & B AR A5
IS (stress<0.2) ,NMDS £ —E R REE X, 451 %
W] ,3 22 (Bl B A D eV S5 A AP TR 3 22 7
DHJSD 21 (TR W RE V5 4540 5 25 1 4SS 80 241 B
WA, W] DHISD XF A= Wi ve 25 A7t 2 1) I
TEH . NMDS F PCoA AY453R—2L, ¥ 7R DHISD
A B MR, WA 2,

253 HHREERAE] K2R
JEEARE 7R TKOE b, 2541 K B BT B
(Bacteroidota) A 5 LA Z RIEET ], 545 HAHAH EE A%
HIZH 9725 1 B 1] (Campylobacterota) @ 2 T} (P<
0.01), SERIZA L, DHISD 4 AT 1] .2
TRE(P<0.01), AT ] 03 FFE(P<0.05), 1EJEK
VI, 525 YR E B TR (Bacteroides )
FHFT % 8 (Enterorhabdus ) % 3 T+ (P<0.05), 5
BRI AH E, DHISD 41 P i 3UAT B R AT s
FTHE(P<0.01), FEULK 3,

254 SHAKRBWGIE R R SYF Erys
b e AN R 4 v 2 s SR R e A
AR X SE R R A S 45 LR DU 4 TS E 8 7R Pl
FERE TSR BN E B KT L, 25 ] BRI |
DHJSD 20 v 1. 35 & 4 A s A= Wy W i 43 0l Sk K
B -G KRB (Escherichia-Shigella) Skt i J& Al
FLERE R (Lactococcus) , VEWIE 4,

2.5.5 HAKRBGEFFEHERE FB 40

x4 BEKR o SHHEIEHILR

Table 4 Comparison of a diversity indices among various groups

ol Observed_otus Shannon Simpson Chaol Goods_coverage Pielou_e
24 668.83+96.56 6.4120.80 0.96=0.03 669.19+96.51 1.00 0.68+0.07
HERIL 736.17+104.60 7.170.90 0.97+0.05 736.61+104.74 1.00 0.75+0.08

DHJSD 41 909.33+337.74 5.78+1.09 0.89£0.10 910.68+337.74 1.00 0.590.11
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Fig.2 PCoA and NMDS analyses of intestinal flora in each group
TE:A.PCoA FEAHRAHTE; BNMDS JEREHEZ4EHEDI

B
8

B W Firmicules -
= Bacteroidota
® Proteobacteria
" Fusobacteriota
@ Desulfobacterota
= Actinobacteriota
= Verrucomicrobiota
Deferribacterota
® unclassified
® Planctomycetota
= Campylobacterota
m Cyanobacteria
Acidobacteriota

80

60

= Chloroflexi

W Patescibacteria

= Spirochaetota
Nitrospirota

® Myxococcota
Gemmatimonadota

® Chlamydiae

® Bdellovibrionota

W Sva0485

® NBi-
SARG24_clade(Marine_group_B)

= MBNT15
Dependentiae

® Sumerlaeota

W Synergistota

® Candidatus_Saccharibacteria

= Methylomirabilota

m Others

Relative Abundance(%)
40

20

C ns *%
1
207wk kx r"ﬂ"
60 ns
1.54
&
ﬁ 1.0 § 40
B #
= 0.5 g 20
0.0- o
& o P B B B

WFFEI]

B3

AN
B

A% = BE /%

Genus

® Muribaculaceae_unclassified

= Ligilactobacillus

® Clostridia_UCG-014_unclassified

= Cetobacterium

# Aeromonas

= Lactobacillus

= Desulfovibrionaceae_unclassified
Klebsiella

= Bacteroides

= Lachnospiraceae_NK4A136_group

® Muribaculum

= ZOR0006
Clostridium_sensu_stricto_1

m Alloprevotella

W Romboutsia

= Lactococcus
Clostridiales_unclassified

m Clostridium
Parabacteroides

® Alstipes

W Herminiimonas

® Firmicutes_unclassified

™ Escherichia-Shigella
Amylibacter

® Dubosiella
Gammaproteobacteria_unclassified

= Mucispirilum

® Enterorhabdus

® Streptococcus

= Paramuribaculum

| Others
DHJSD4L HAA EAA
*% ns
|_| 1
07 T snn g KR kR
8
61 § 2
h
4_
'
o E
0- 0-
b B B N
& & e

eV R

1 BKF TR

Fig.3 Species analysis at phylum and genus levels
TE: AT DRI A YU AR = B2 5 BUR /K TE A U A 3 B2 5 CLIT) R K SCBE R AE X = B 2 5 LU AR AT

BRI AT AE R, AN [R) SE R 2H [l P R
WINPT B 2 A B R

5
=

NG
[EIVS

SR L T R ST TR R A 22 [ BEMPE B A AR X 2 T

BEES, IS,

3 itig

KOA U J& T rp R JBIE " Y, 5 WL B A 0

FERFER AR ZE UA 255, DHISD Jj&—FhZe
2 B AMIFE SR RRPER, )
ZHITHRIT KOA, ABFFEHRIT DHISD X KOA K E
BNATTRCR , 45 & 8L, DHISD it KOA KELAY
— I 0 (AR BRI B RGP SR BT ), T
ARCE I, AR A AL RN 9 RE RN s DHISD
AP KOA KREUAY IL-1B TNF-o 7K, FEmTOR
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Fig.4 Indicator species analysis (at the genus level)
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Fig.5 Predictive analysis of bacterial phenotypes
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