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[Abstract] Objective; To explore the mechanism of Danggui Niantongtang (DGNTT) against adjuvant-

induced arthritis (AA) in rats with wind-dampness-heat arthralgia (FSR) based on the variation of intestinal
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flora. Method: A total of 60 SD rats were randomized into normal (control) group, FSR group, low- ,
medium- , and high-dose DGNTT (5.67, 11.34, 22.68 g-kg') groups, and methotrexate (MTX) group
(1.35 mg-kg"'), with 10 rats in each group. The rats, except the control group, were injected with Mtb adjuvant
and then exposed to artificial climatic chamber (hot and humid with wind) for 64 h for modeling. The rats were
treated with water, DGNTT or MTX for 28 days from the day of injection. Arthritis index (AI) of rats was
measured and paw volume was determined with a volume meter. The morphology of synovial tissues of the knees
was observed based on hematoxylin-ecosin (HE) staining and the changes of intestinal flora were analyzed based
on 16S rRNA sequencing. Result: DGNTT can alleviate the hyperplasia of synovial tissue and inflammation of
AA rats with FSR and inhibit the formation of pannus. The results of 16S rRNA sequencing showed that the
relative abundance of Firmicutes, Lactobacillus, Prevotella 9, and Alloprevotella decreased (P<0.05, P<0.01)
and the relative abundance of Bacteroidetes and Bacteroides increased (P<0.01) in FSR group compared those in
the control group. Compared with the FSR group, all DGNTT groups and MTX group had high relative
abundance of Lactobacillus (P<0.05, P<0.01) and low relative abundance of Bacteroidetes (P<0.01) and
medium-dose and high-dose DGNTT groups and MTX group showed high abundance of Firmicutes, Prevotella
9, and Alloprevotella and low abundance of Bacteroides (P<0.05, P<0.01). Spearman's correlation analysis
suggested that the abundance of Bacteroides and Helicobacter was in positive correlation with Al (P<0.05) ,
while the abundance of Prevotella 9 and Candidatus Saccharimonas was in negative correlation with Al
(P<0.01, P<0.05). There was a negative correlation between the abundance of Prevotella 9 and paw volume
(P<0.01) , and the abundance of Ruminococcaceae NK4A214 group, Christensenellaceae R-7 group, and
Bacteroides was in negative correlation with spleen index (P<0.05). The abundance of Prevotella 9 was in
negative correlation with spleen index (P<0.01). Conclusion: DGNTT is effective for arthritis with FSR, as it
can regulate the composition of intestinal flora in AA rats by increasing the abundance of probiotics and
inhibiting the growth of pathogenic bacteria. The mechanism is the likelihood that it improves intestinal immune
metabolism to ensure intestinal homeostasis.

[Keywords] rheumatoid arthritis; wind-dampness-heat arthralgia; Danggui Niantongtang; intestinal
flora; 16S rRNA sequencing
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Table 1 Effect of Danggui Niantongtang on arthritis index of wind-damp-heat arthralgia model rats (x+s,n=10)
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M 7 IR = A 5.67 0.00+0.00 0.67+0.52  2.67+2.34  3.00+2.00  3.83+1.72" 3.83+1.47"  3.67+2.07”
YRR iR A B i) 11.34 0.00£0.00  0.50+0.55%  1.50+1.22" 2.33+1.37Y 2.67+2.25" 2.50£2.07Y  2.50+1.64%
9 459 1 e ) A 22.68 0.00£0.00  1.00+0.63 3.00¢1.10  3.83£1.60  4.33£2.07  4.00+1.90° 3.67+2.16"
MTX 41 1.35%107 0.00£0.00  0.50+0.58 1.75£0.50¥  1.25+0.50"  1.25+0.50¥  0.75+0.50"  0.75+0.50"

0 5 IE W 4L Y P<0.05,2P<0.01; 5 FSRZH L 45 ¥ P<0.05,YP<0.01(£2 .33 %5 .%6i)

3.2 X KU AASRUE AA KR B b i B2 A g g S
95 3 AR e, IE R AR R Bk b B R R B T R
ol 5 A 5T 3G R OC, BT 22 R B g it
B, HE®HHAKRBIE , FSRY KRS 8 KT
B0 Rk DG Y 2T i BRG  Jey HS B JIR A 2L B TR T
(R, AL R IE JREIEB W AR 16 RA G TR, /L BR
O b Ak BH G, R R RO L R B A2 R, DG R S
LSS B AT IS, 2 B i i
(P<0.01)Jf T 55 24 K A A7 1) 3k T 06 Ji5 2 7R TC W)
M . 5 FSRAT LR, Y IHH5 98 17 45 R 4L T MTX
ZH 1Y 2 E K BRI, 22 S B et L (P<

0.05). JFHTESS 16 RAAT Z 5 A9 17 45 7 i
2R MTX 20 K B OG5 b ik A2 B2 JF 45 8 B L B &
R T I ) B A S L b ik R R S 02 3 e R Y R
DL 2.

3.3 X HIRAAITEUE AA K EUE IRZH U2 IEH 4
KRB T M 2H 2 HE 91 K S S R, S SR
AR B B A= A R A W S Y AR IE A i TR
T 5 5 15 H A1 A, PSR 2 1 R 21 24 5 3 14 /F L4
Kb TS HE B ZE AL T B A 4 Rl D K A M A
JiL 92 0 S A R A I T O T R A L 1) OGS
WA 5 FSRALLE, M IH 59 7 4% 7 i A F MTX

. 21 .



529 55 9 Wi HEXBAFZRS Vol. 29,No. 9
202345 H Chinese Journal of Experimental Traditional Medical Formulae May,2023

E F
T AR 41 B.FSR 20 5 C. 24 VA 59 AR 7 1 4 D24 I il
bR 2L Y G e ) 2 FMTX 4L () 2 R 3 1))
B 1 L3453 KUE A EIE AA K R U2 B Bh Ak 5 R 89 8 i
Fig. 1 Effect of Danggui Niantongtang on toe morphology of

wind-damp-heat arthralgia model rats
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Fig. 2 Effect of Danggui Niantongtang on synovial tissues

histopathology of wind-damp-heat model rats
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Table 2 Effect of Danggui Niantongtang on toe swelling degree of wind-damp-heat arthralgia model rats (x+s,7=10)

1 I Bk i I
24131 ”JEE,I S
/g-kg 0d 4d 8d 12d 16d 20d 24d 28d
EHA 1.71£0.02 1.83+0.13 1.96+0.06  2.04+£0.12  2.08+£0.08  2.14+£0.11  2.13+£0.15  2.16+0.06
FSR 41 1.74£0.13  1.93+0.14 2.49+0.17" 3.23+0.28" 3.30+£0.19” 3.56+0.21” 3.64+0.24” 3.61+0.26

BRI EH 567
MR A 11.34
HAHR G AR A 22.68
MTX 4

1.66+0.12  1.74+0.11

1.35%x107° 1.78+0.14 1.84+0.11

1.7740.26  1.80+£0.23 2.11+0.24
1.8940.18
1.74+0.08 1.80+0.07 2.15+0.08"

1.90+0.17¥

2.65+0.26 2.78+0.17 2.83+0.21 2.77£0.09”  2.74+0.26%

2.58+0.32  2.62+0.25%  2.57+0.22%  2.54+0.37"  2.49+0.18%
2.60+0.13%  2.79+0.34%  2.93+0.08" 2.89+0.35" 2.86+0.23%

2.23+0.18%  2.38+0.29% 2.36+0.18% 2.30+0.18" 2.28+0.27
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Fig. 3 Effect of Danggui Niantongtang on spleen histopathology
of wind-damp-heat arthralgia model rat (HE, x200)
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Table 3 Effect of Danggui Niantongtang on spleen index of wind-

damp-heat arthralgia model rats (x+s,n=10)

415 /g kg JELIESE #/mg- g
1E 4 1.67+0.11
FSR 41 4.98+0.29%

2 H 5 A AR i 4 5.67 3.09+0.33%
5598 0 R A 11.34 2.67+0.43"
2 I F 9 17 = 7 i 2H 22.68 3.10£0.52%
MTX 21 1.35x107 2.50+0.60"

F4 ZBEKXKRHEEH o ZH M Reads I H K Simpson 5 #{ b 12
(x+s5,n=10)
Table 4 Alpha-diversity analysis by Reads index and Simpson

index (x£s,n=10)

21 4 #H/g kg  Readsi§%r  Simpson$& %L
IEH 4 90 48943 981  0.038+0.002
FSR 41 75 984+2 685  0.011+0.001
MIHFR AR A 5.67 82 880+3 512 0.030+0.005

MR TP REL4 1134
MIAFE AR 22.68

MTX 4

89 367+1934  0.035+0.002
927631 661  0.055+0.010

1.35x107° 86 598+6 206 0.074+0.017

3.52.1  [KE2ERSHT EREWIERERRTTKF
L, HEd 5 ek asMEHEYEEREHEI]
(Firmicutes) , H K & 0T 7 |1 ( Bacteroidetes ) , 7 4%

HIHEWEHMLEEETT . 5IEH4 L, FSR4H
JREBE TR 1T A A X 2 5 AR (P<0.01) , FBLFF 1 1T A9 AR
Xf A BE TH R (P<0.01) ;55 FSR 2 H 4, JRBE TR ] 1Y
AR =5 B2 AE 25 U A8 9 b L R 4R MTX 4
FH G (P<0.01) , SAFF BE 11 0% AH X = B2 76 >4 5 il 9
Vi 45 5 i 2 A0 MTX 21 I 35 B A% (P<0.01) , 22 1k
LG IR H . WIE S5 K5,
3.5.2.2 JEKPZESHT LK B IE R KF
b HIE® A A, FSR A T #LFF I & (Bacteroides)
AR X B W3 T & (P<0.01) | LR AT R
(Lactobacillus) % 5K [CH & 9(Prevotella 9) 1%
IR K B (Alloprevotella) i 3= & 347 B B [ AR (P<
0.05,P<0.01). & 25075, 5 FSRALLEL, AT
PR R G 35 BE AR 2 VA F 98 7 b LR R R MTX
20 2 3 AR (P<0.01) , FLAR FT B Jm A9 AR 0F = B2 1 4
R AR L AR LR MTX 218 8 7 5 (P<
0.05,P<0.01)) , & 7 IK [Q T & 9 f49FH XF 4 8 16 24 )1
459 1 T e R AR MTX 4L & % T i (P<0.01),
U 7 UK LGP 9 M AR X £ BEE S a5 7 &
F LR MTX 41 W] 8 715 (P<0.05, P<0.01) . WL
Kl5.%6.
3.6 Wil BEAEAL S ATE |2 Bk 25 T S B9 AT 48 4K
KA e Spearman AH 561 43 ¥ B s, AT B
J& (Bacteroides) "2 ¥ 1 J& 9 (Helicobacter) 5 AT %
IEAH G (P<0.05) , % 55 IR [CH & (Prevotella 9) ik
B A= BE B @ (Candidatus Saccharimonas) 5 Al 5
1A 56 (P<0.05, P<0.01) . ¥ FHIKICHE & 9 45 /2 it
B GANC(P<0.01). J4 H BRI FF NK4A214 B
(Ruminococcaceae NK4A214 group) . 7o B 37 ik £
Bl -R-7(Christensenellaceae R-7 group) . UK # J& 5
UL JUE 4 50 52 TE AT OE (P<0.05) , 3% 75 IR G A& 9 5 1
JIE 6 B AR DG (P<0.01) . LI 6.
4 it

MIAF R A B 2R R R, SR AR TR R
WHHGE KRR . I R TR TR G A S
Il PR 28 55 B8 10 0 R 2 T 38 DA AR 1 DURTR
DR Y S el U BT T| e E N s N7
IE 15 175 R T, 1 R B, BC AR B XL TR JRR L AR A
A il B A K, 2840 UHICHS 22 2 5 B4 Bk %5
PG A NMERVB IR, B 5 o S A8 AR T R L
SR, R A AR R, T B RN 2 T NS Y
HCH R R RLA 25 B ML, W B R N B O e
25 05 S B A A IS 5 1 A A R R O =
I ERIRB LGB Z W SRR DT R A Z
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Fig. 4 Venn diagram of rat gut flora at phylum level (A )and at genus level (B)in each group
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Fig. 5 Chord diagram of rat gut flora at phylum level (A)and at genus level (B)in each group

x5 BHAXRBERHEITKELTRHAANEINNFEE (5£5,1=10)

Table 5 Relative abundance of different bacterials at phylum level in each group (x+s,n=10)

2 53] Fl /g k! Firmicutes Bacteroidetes Bacteroidetes/Firmicutes
EH A 0.612+0.047 0.30940.026 0.509:£0.083
FSR 41 0.413+0.046 2 0.565+0.067 » 1.388+0.282 "
49595 1 1G5 41 5.67 0.462+0.034 0.402+0.018 ¥ 0.873+0.050 ¥
K598 ) AL 11.34 0.578+0.015 ¥ 0.432+0.032 ¥ 0.746+0.049 *
5598 1 e ) R 4L 22.68 0.630+0.022 * 0.389:+0.032 ¥ 0.620+0.071 ¥
MTX 4 1.35x107 0.689+0.041 ¥ 0.329+0.027 ¥ 0.478+0.039 ¥

*6 BEAARMEEHERKTELARNAENBENFEE (F£5,0=10)

Table 6 Relative abundance of different bacterials at genus level in each group (x+s,n=10)

EEg] F /g kg Bacteroides Lactobacillus Prevotella 9 Alloprevotella
EHA 0.007+0.003 0.065+0.003 0.052+0.004 0.029+0.004
FSR 41 0.079+0.006% 0.044+0.003% 0.014+0.005% 0.013+0.004"
M 7 KR = Al 5.67 0.064+0.010 0.059+0.006> 0.024+0.004 0.022+0.007
VSRR A B i) 11.34 0.049+0.008" 0.069+0.008" 0.034+0.005" 0.033+0.004*
A5 7 = R A 22.68 0.046+0.005" 0.068+0.004" 0.045+0.004* 0.042+0.004*
MTX 41 1.35%107 0.026+0.004" 0.058+0.004 0.032+0.007" 0.028+0.007>
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Fig. 6 Heat map of Spearman correlation between intestinal flora and spleen index levels, toe volume and AI values in each group
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B & 2 5 9 A 7 1
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B R RE LI BB e IR AL 1 A7 99, BE %
i 4y R BIAL S K 5 e 3 S A AR A 2y

T RZ 0 RAM S i 38 o A W) e 06 3 ook 7= A — S i
Jig 15 1 28 A0 7= 0, T A R B T A 3O A X
BUAA Y B 92 22 G0k 3] — 2 W IR 5 PE . B A
Fo oy SCERHRIE T 2 B T TR I I TR R S RA Bk
FEARH L AR, BBt DA 38 TR R AR Rk,
58 W2 2 07 U Hh R 6 RA B vA A H H AT TR
B,

A S R I AA R BRZEMEREA 73087 1T AR5
YRR M MTX 45 25 5 AA R U T8 78 7 69
Ak, BR BN ,EBHIBITIE o« ZHEETE
(Reads 1 Simpson #§ #0) 1A & b IR #a e  H 22 57
gt 2= 8 L, 7Y AA KRR EIRIT G W2 0
AR, ASREEETRE., IFHMN
H W AR S AL R B, 7R ] S @ K I FSR 4
MR TIEEH, RRE#FSWEE T BENLk;
M F I 7 45 R AR MTX A% T FSR 41, 11
P REAS A BT B R T R RE I S
FF TR 4 L 238 J2 40 1y gy 3 TR R gt 5 1) T B4 b, JE
B A PR AR, ARG A AR, R
BEARAE A S RAEME A ", AR ER, 5
TEH 41 LA, FSRZH A 4DUFT 7 5 J5 B2 B 1) LU (BT
T YA 7 R R T A A R AG, UE B 4 I3
Ve B o SR RETE ] 5 WA B 1) A9 b AE, 5
i 2B TR Y TR T B fd R L A BEAE AR AR R
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FAFRIE B kA F AW E s, BAEIIREN, A

.25 -



529 55 9 Wi HEXBAFZRS Vol. 29,No. 9
202345 H Chinese Journal of Experimental Traditional Medical Formulae May,2023

- [C 1 i fE 08 el /D 12 28 0 20 M DR 19 7 A T 4L
TIRINH B 5 RIE N EY RS BEIIAC, &5
R AICRE A5 AL F RA R 19 & et [tk 78 J& K 7
b, 5 FSRAWE, TIRIT R AR E 5 iR K
W& 9 AL H IR IR A& 09 AH X T BE A R
AR A #5 TR H B9 3G 2 B AR R R 9, X
KB G 4 1k e R MR VE o AR SE g A5 R R
WY, Y V3 45595 7 e 0% R 50 i 18 TR R A5 R o R RE
TS AT 1100 Lo AE A8 2 38 ot a5 A= TR A R B,
00 B B A S, AR L AT RE 5 4E R 1 B R
B ) B, D20 i YR PN R T, 0 A S
YA G o

KW — 500 T I E R RS AVE 2
Ik 25 AR R L IE 8 BOK ST 09 AH DG 1 o L 48 0 sk
B R, Erh EH T B IERZA,
AMAEAZIE CRE - FIRIA S BLH, KF 2R
A, TARARERE VLR AL S8, [ 3 L3R 19 2
REMBE AKEZHE, 5 TREBEBME, HHE
Ty B B i 0 7K 45K 308 DA AR AR A, DA SRR
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PR A W T R 5 AT A G, AT DL R ISR AT TN R 7E
RA & Jg i #2 v & F5 4 5 VR R, ¢ 16 5 JL A 0 11
W & RAER, 5 AR W EE S5 R A
S Y A A R A R 3o L A B TR I R R B
A BE 2 5 BUR E A 50 2 B 3 3K 00 B ST AR A0
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SRk ) A G . R F s KW B EK A e
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