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(Abstract] Objective To study the effects of Danggui Shaoyao San (DSS) on the intestinal flora of mice with diabetic nephropathy
(DN). Methods Thirty 8-week—old male db/db mice and six 8-week—old male db/m mice were selected. Fasting blood glucose (FBG)
and urinary albumin to creatinine ratio (UACR) were measured, and the qualified db/db mice were randomized into five groups:
model (MOD) group (distilled water 0.1 mI/I10 g), dapagliflozin (DAPA) group (dapagliflozin tablets 13 mgkg), low-dose DSS (DSS-L)
group (839 ghkeg), medium-dose DSS (DSS-M) group (1677 gkg), and high—dose DSS (DSS—H) group (33.54 gke), with six mice in
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each group. The six dbm mice served as the blank control (CON) group distilled water 0.1 mI/10 g. Then FBG and insulin tolerance
in mice were measured. Blood urea nitrogen (BUN) and serum creatinine (Scr) were measured by ELISA, and UACR was detected
by fully automatic biochemical analyzer. Samples of the mouse renal and small intestinal tissues were taken for HE staining, and
feces in the mouse colon was selected for 16S rRNA sequencing. Results Compared with the CON group, the MOD group had
lower glucose tolerance and higher levels of FBG, BUN, Scr, and UACR (P<0.01). Compared with the MOD group, the DSS group
exhibited increased glucose tolerance (P<0.01), decreased levels of FBG, BUN, Scr, and UACR (P<0.01), and reduced pathological
damage to the kidney and small intestine. The study on the intestinal flora diversity show that compared with the CON group, the
MOD group had a lower diversity of intestinal flora. Compared with the MOD group, the flora differences between the DSS-M group
and the CON group were smaller. In terms of the species composition of the flora, the relative abundance of Akkermansia
muciniphila in the DSS-M group of mice was significantly higher (P<0.01). Conclusions DSS can significantly increase the

abundance of Akkermansia muciniphila in the intestines of db/db mice with DN, which may be one of the mechanisms by which it

improves DN.

(Keywords] diabetic nephropathy; Danggui Shaoyao San; intestinal flora; circulating blood and draining water retention;

diabetes; 16S rRNA; Chinese medicine
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2.1 DSS 3t db/db /NREAE R B 0T

HEE A2 6 B, CON 4/ FUAR & AR
FEARTE , e BN A OGEE , K/MEIER . 5 CON 4
oA, MOD 4/ R f b, 1A g3 47
R, BB R, AR,
2.2 DSS 3t db/db /NRERE IR

Y52, 5 CON 4 AL, R & IR B it 2%
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Table 1 Comparison of mouse body weight

among various groups (x*s,n=0,g)

A5 SRR B )R R
CON 41 27.80+1.69 30.75+1.82
MOD 4 41.30£2.19%* 49.85+4.55%*
DAPA 41 42.2242.12%* 45.25+2.94

DSS-L 41 42.02:42.2%% 41.174.71"
DSS-M 4 40.60+2.33%* 40.87+4.42"
DSS-H 41 40.56+2.19%* 42.08+6.09"

1.5 CON 4 A, *#P<0.01; 5 MOD 4H HbA , *P<0.05,

2.3 DSS %t db/db ZINER FBG #0 ITT B 520

Y5217, 5 CON 4l LhAs , R4 FBG - FH(P<
0.01), #3245, 5 CON 41 Fb#, HiAv4$ 41 FBG ITT-
AUC B ETH(P001);5 MOD 2HH A, DAPA 4H . DSS-
M £H DSS-H £ FBG 1 ITT-AUC B[R (P<0.01),
DSS-L 2 FBG F#K(P<0.01); '5DAPA #H Hb4%, DSS-L
ZH (P<0.01)F1 DSS—H £H (P<0.05) fJFBG 315, DSS-L
ZH ITT-AUC 34755 (P<0.05) ; 5 DSS-L 41 %, DSS-M
ZY ITT-AUC FER(P<0.05) . TR 2,

£2 KBA/NR FBGITT ELER (x+s ,n=6)
Table 2 Comparison of FBG and ITT levels among

various groups (x#s,n=6)

415 2T FBG/  4i24)5 FBG/ ITT-AUC
(mmol -L™") (mmol - L")

CON 41 5.42+0.77 5.03+1.05 527.5+17.98
MOD 2H 23.38+5.96%*  27.90+3.75%* 3 060+£197.1%*
DAPA 4H 22.32+3.47%* 14.20£1.61%*# 1 908+307.9%#*
DSS-L 41 22.97+5.05%%  21.48+]1.89%x#AL D 534485 D)kkA
DSS-M 4 23.92+5.99%% 18.55+5.01**# 1 965+136.4%+*™m
DSS-H 4 23.57+5.77%%  20.32+3.98%*H4 2 2454247 2%%#

.5 CON 41 A, #+P<0.01; 5 MOD 41 He#,*P<001; 5 DAPA
ZH AT, AP<0.05,44P<001 ;-5 DSS-L 4H Fr#5, ®P<0.05

2.4 DSS 3¢ db/db /INER UACR, SerBUN B9

5 CON 4 b % ,MOD 2 UACR ,Ser . BUN B i,
FHE (P<0.01), 5 MOD 40 b4, DAPA 41FIDSS 4540
/NEL UACR ,Ser .BUN ¥78] & F [% (P<0.01) , TE 0L
3,
2.5 DSS 3t db/db INR'E
A

CON Z1/IN BB /INBR B JR S /NS 8 45 4 1
WKL AL, 5 CON ZH H#, MOD ZH/)

NI B R R IR IR R
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®3 HHMR UACR.ScrBUN LB (vs,n=6)
Table 3 Comparison of UACR, Scr and BUN levels

among various groups (x+s,n=6)

2151 UACR/(mg-g™)  Ser/(pmol-L™")  BUN/(mmol-L™")

CON 4 9.16£2.12 14.87+2.39 6.47+0.75

MOD 41 203.59+38.04%** 36.40+2.34%* 14.64+2.67**
DAPA 2 80.03+8.94%#%  24.43+3.00%*" 8.02+0.41%
DSS-L 41 85.05+24.35%#%  28.50+2.78%+* 9.69+0.55%+%
DSS-M 41 73.03£10.28%*%  24.75+2.76%** 8.10+0.63*
DSS-H 21 90.13+22.28%##  2578+3.07%+% 8.58+0.85

1. 5 CON 4 H#, ##P<0.01 ;55 MOD 4 b4, #P<0.01,

B R A3 B /NE B NBRGE R R R MR
A ER ZR A A= | B A0 A R L, B /INVE AT L3R
P RN 1 240 M A R A A T DL B2 2 (1 ) o
R A ) 5T A N T 4 A R A A
H4, 5 MOD 4 Fb#, DSS 41 M1 DAPA 41/NiU B4
SR 5 W S el | B/ NBRGS A A TR | i
ER R AN A i A | TR A0 M A SRR It B /N
- Bz A S AE TE R A1 N AR DL e, AR PR
RIEMAEA A, WA 1,

CON 4/ N LA R 2 3 I BB
SELF HEFEESE , R LI B AR L . 5 CON 4Lt
B, MOD 21 /]> B fi 1 45 4 s B 1k T S AR o 1
i) R A E e R U I E R R R

AR I B, 5 MOD 4 He#, DSS-L 4] |
DSS-M #H . DSS-H 41 LA K DAPA 2/ IR | Kz 40
I e J K 4 1 240 i) 4 A T R R 2 i, M R
HEG AT MR 20 M A s, LA DSS-M 26
B, TR 2,

2.6 DSS 3t db/db /MR EAE R BRI

2.6.1  DSS Xtdb/db/NRIZIE RRF ZREPER I AR
I o ZFEMH B B Sobs . Chaol ACE 35 %k 45 % 1]
1,5 CON 41 Hes , DSS-M 4 il 1 B b 20 2> (P<
0.05); 5 MOD 4 [bE, AR DSS-M 4 A J /b 1)
WOAERF LG 2ETE L (P>0.05), M Shannon $5
Bk R oM, 5 CON 41 MOD 40 Heds , DSS-M 41
(8 AR = B BE RIS 50 B 25 R R (P<0.01)

G B Z AV T 45 T A1, 7E UPGMA R
B, CON 411 DSS-M 2 A FEA AL T [F]— 4% ; MOD
HFEAIILE T 55— . PCoA Fll PLS-DA 43 Hr4fi i ik
IR, HREAG AT TARISIR, /e il &, HCON
ZHFN DSS-M AP e, HEILA 3,

2.6.2  DSS XI db/db /)N R 1 TR 2E 1 A 5 T

MRS, 5 CON 21 He A, MOD /N 42
FF 1T (Bacteroidota) JERLER [ ] (Verrucomicrobiota)
A B FRE AR T 3 a0 | JEBE TR ] (Firmicutes ) AR X
FEEHEIN; 5 MOD ZH H#, DSS-M 4L % 1 Peist

DSS-M#

DSS-L#H

DSS-H#
&

1 FRNRERARRELER
Fig.1 Pathological results of the renal tissues in each group of mice

T AHE 4% 6,(x100) ; B.Masson 4 {%,(x100) ,

DAPAH

DSS-L41 Di

B2 fKAEANR/DMNIARARFELER(HE,x100)

Fig.2 Pathological results of the small intestinal tissues in each group of mice (HE staining, x100)
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Fig.3 Analysis of a and B diversity of intestinal flora in each group of mice
{1 : A.Sobs #6544 ; B.Chaol #5641 ; C.ACE #541; D.Shannon #5647 ; E.UPGMA W ;F G2 T Jaccard H ¥ . OTU /K
S PCoA 1 PLS-DA 4347, 5 CON 2 Hds, #P<0.05, ##P<0.01 ;55 MOD 41 kb4, *P<0.05, #P<0.01,,

] REEG T TR AT R A, DSS-M 41/ R
TEPE OB T PR AR Bl 35.26%, E T
CON ZHA1 MOD 21 (P<0.01) , WBFK 4304, 5 CON
ZH e ,MOD 41/ R 1Y B B2 B} (Lachnospiraceae)
AR N, 22 DSS TS , B ERHY
JE R0 5 5 CON 41 M1 MOD 41 H %5, DSS-M ZH/)s
EUEUFT# R (Muribaculaceae ) A% 32 B2y /D | i ] 5

2 CHPH Akkermansiaceae) BEHN, MR,
55 CON 4H He48 ,MOD 4H Lachnospiraceae_ NK4A 136_
group WIARXTFFERA BIGIN, 28 DSS T-His , F 8k
HH I 3% % 5 5 CON ZH A MOD 41 HL %, DSS-M 2l Y
Fr] 5e 2 [C B @ (A kkermansia) AR XT =F B o 2 14 n
(P<0.01)  AFHKF-5347, 5 CON ZHA1 MOD ZH LA,
DSS-M 4H B & Zh 45 1 B ve 2 [Q R (A kkermansia
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Family
Phylum 190 Unclassified
Ll N B Unclassified —_— Other
Other a0 — — Eubacterium_coprostanoligenes_group
80 Deferribacterota [— M Desulfovibrionaceae
B Cyanobacteria § Oscillospiraceae
Actinobacteriota M 60 Prevotellaceae
§ 60 (ImnpiAlnhau(trolu ﬁ B Rikenellaceae
M M Patescibacteria DP:E[ Bactercidaceae
H_ | Desulfobacterota 404 B Lactobacillaceae
Foy "m B Proteobacteria . o
EE B Verrucomicrobiota W Akkermansiaceae
0 B Firmicutes 204 B Lachnospiraceae
B Bacteroidota B Muribaculaceae
0 0
CON4l MODZ DSS-M41 CON4l MOD#l DSS-M#
Genus Species
107 Unclassified 100 Unclassified
Other Other
80 Oscillibacter 80 Rikenella_microfusus_ DSM_15922
M Escherichia-Shigella W Helicobacter_typhlonius
< Parasutterella § Alistipes_inops
‘E”( 60 - g Candidatus_Saccharimonas {33( 60 Helicobacter_ganmani
4 — M Prevotellaceae_ UCG-001 H- W Candidatus_Arthromitus_sp_SFB-mouse-Japan
= Alistipes E Muribaculum_intestinale
g a0+ | M Bacteroides B M Bacteroides_caecimuris
M Lactobacillus B Bacteroides_acidifaciens
20 B Lachnospiraceae_NK4A136_group 0 B Lactobacillus_murinus
B Akkermansia B Akkermansia_muciniphila
0 0+

CON4l MODZ DSS-M#L

CONZl MODZ DSS-M4L

B4 HHNMRBERHEE) BB KT A FEE

Fig.4

muciniphila)*ﬁxrj‘jzgﬁgij]l](P<0-01 )o FEULE 4,
2.6.3  DSS XF db/db/INEUIE R AR PR 20

M5 R34 CON 41 MOD Z1 1 DSS-M 41 [l ity
22 5 T RE AT 25 23 B 280% K/ (linear - dis-
criminant analysis effect size, LEfSe) HL# (€] 5A), )&
AN R 2 5 A ARl CON 4% 31 60
BB 5, ST H (Bacteroidales) |
T IRTT AUFT 1 49 (Bacteroidia) FBUFT B FH(Murib-
aculaceae) | S FLFT B (Lactobacillus_murinus) | ;= R
HLEF B (Bacteroides _acidifaciens) 11 5 76 4 8 4 H
(Burkholderiales) . 5% ¥ [& £ (Sutterellaceae) | ] %
KRR JE (Parasutterella) 55 , MOD 21 & 81 34 V& B
PR R, WAE R E N (Clostridia) , BIR R} . &
12 H (Lachnospirales) . % 75 Ik B8 £} (Prevotellaceae) |
Prevotellaceae _UCG_001 Diaphorobacter Diaphorob-
acter_polyhydroxybutyrativorans , DSS—-M £H & 5 1F ]
w2 G & JERE H (Verrucomicrobiales) PE
4 (Verrucomicrobiae) Pl ve 2 FCREEL PEIUEAT ] WE%
HAB 2 L | BIRE H (Oscillospirales ) | f=2%
15 AT B B ( Eubacterium_coprostanoli genes_group) |

Relative abundance of intestinal flora in each group of mice at phylum, family, genus, and species levels

Christensenella Akkermansia_sp_KLEI1798 % 16 1R
7% o LV AR AN R 43 28K 145 4 22 7
TEI K b AUAFRE 1] JRERE TR 1] PEI ) A B AR
T ] (Desulfobacterota ) 42 3= % ) 26 5+ )  ZE oK
Vb VR R v 2 TG | BRUFLAF I 7 R AT R
IR FEME R AR, UK 5B 5C,

2.6.3  DSS Xt db/db /MR IE EHEZ 0 ) KEGG i
BREEMT  45E KEGG ThRESR A & B, i
Level-2 JZ 3 30 Fh+Dyae3E ), Horh LA EIAH
KUIREE N 3, 38 11 4% B QA SGE B T4
THATHT 2 1R 22 S 1 2 0 ARG B e FE AR Rl 2t
GV AERERZE A G SEIRIL G YA RE
A HA IR A A A6 B SN P R
fiFAR AR TEULE 6,

264 MHIERREES FBG BUN Scer UACR /K FAYAH
KA RDA 43 B4 2R 7R ,FBG .BUN Ser,
UACR BY7K -3 525 4/ N U VR LU (EITA)
A AP 0 D 45 [ R B B 25 5 T, e R KT
b4 R S REBERACOCR B —F(K 7B.C).,
FBG 7K F 5 &l 5% %F # J& | Rikenellaceae_RC9_gut_
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A Defembacterota

. CONAL
B MoDAl
E 0ss-MA

R a: Parvibacter

R b: Bacteroides_adidifaciens
B c Odoribacter

B d: Marinifilaceae

EEE e: Muribaculum_intestinale
E f: Muribaculum

-

R |: Alistipes_inops

E m: Alistipes_sp_cvl

B N Rikenella_microfusus DSM_15922
ER o: Rikenella

R p: Rikenellaceae _RC9_gut group
Bl g Parabacteroides_goldsteinii
EE r Parabacteroides

B s: Tannerellaceae

EE t Bacteridales

B u: Bacteroidia

B v: Helicobacter ganmani

W w: Helicobacter_typhlonius
B x: Chioroplast

BN y: Cyanobacteriia

B z: Mucispinillum_schaedleri

B a0: Mucispirillum

B 21: Deferibacteraceae

B a2: Defemibacterales

B a23: Defenibacteres

B a4: Bilophila

B a5: Desulfovibrio_fairieldensis
R 26: Desulfovibrio

I a7: Bacillales

B a8: Erysipelotichaceae_UCG_003
Wl 29: Erysipelatodiostridiaceae
B b0: Baecalibaculum

W bl: Turicibacter

B b2: Erysipelotrichales

B b3: Aerococcus_uninaeequi

I b4: Aerococcus

I b5: Aerococcaceae

B b6: Lactobacillus_animalis_KCTC_3501__DSM_20602

Phylum B b7: Lactobacillus murinus
0.04
B Bacteroidota [ ] @ [ ]
e 025
Firmicutes ] (] o @ 046
Verrucomicrobiota . ° . @ 066
. 0.87
Desulfobacterota [ ] ° ®
CONZL MOD4L D3S-M4L :
Species
Akkermansia_muciniphila . ° @ Indval
. 001
C Lactobacillus_murinus O . . . 02
Bacteroides_acidifaciens ® ) . @ 046
@ 68
Candidatus_Anthromits_sp_SFB-mouse-Japan . [ ] ° ®
Alistipes_inops . ° .
Rikenella_microfusus_DSM_15922 [ ] °
Lactobacillus_intestinalis ° @ °
Parabacteroides_goldsteinii ° . °
CONEL MODZH NSS-MZ

B 5 |ANREEERERYTHIHR

Fig.5

Indicator analysis of the intestinal flora in each group of mice

1 s ALESSe 2007 AR A0 23 S2 I 28 HEAb 43 S P Hp 9 MR S TR B R 2R R T T 208 (B0Ri ) 43 259051, /1N B
P8 B A2 KNG A B R/ N IE He 5 B KA R A AR (P<0.05) ; CRK TS = BRI R (P<0.05) .

group \Odoribacter ZHAI, 5 Lachnospiraceae_NK4-
A 136_group Lachnospiraceae_UCG—-006 . Prevotellace-
ae_UCG-001 2 IEAIC ; UACR 5 &l B% 4% I g |
Rikenellaceae_RC9_gut_group . Odoribacter . Prevotel-
laceae_NK3B31_group JiBi s J& (Desulfovibrio) &
A, 5 Lachnospiraceae_NK4A 136_group .Lach-
nospiraceae_UCG—-006 Prevotellaceae_UCG-001 £ 1EF
2 5 Ser . BUN S I B4F & | Rikenellaceae _RC9_
gut_group Odoribacter Prevotellaceae_NK3B31_group .
B JLFT 5 J& (Parabacteroides) 5 i1 5 | 5 Lachn-

ospiraceae_INK4A 136_group . Lachnospiraceae_UCG -
006 ZIFHFIE

3 iFig

DSS BRIGTT“HE IR " oh i F TR I AL B E
RGUEEPIR, EIXT DN KR P | B 28BS Bl
509 A] TG LA K 7 DSS YAYT 5 CON 2L,
MOD 4 /Iy B 44 i &8 FBG ITT -AUC UACR ,Scr,
BUN B35, 5 MOD ZHAHLE , DAPA 201 DSS 4
ERIERR B TR, BT ALK EER M T
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HEBR DSS H & A 0 A TE 1 LS AT 5380 DSS-M 41
ANERB B R B TR, DA DSS H TS Hh 4
R 23- 2 BERTSIE B 25 I A PR
P, 48 23- IS B T 90U AR AN, 5
FEFREASE R /N R A, L 3 R B LA T Rt
PN BRI AE B 2R =R B Y
RIS UL E SR DSS-M 414755 MOD 214 WA &

#£5%, HY5 CON 14231 , DSS 157 LAFR 2 1E db/db
NI RAIE TR RESE R 7 DSS X db/db /)N I8 TR
T ) ol 28 B0 H 52 ) 43 By b & B, 5 MOD AR L,
DSS BEGE R S 1S N8 2 2 1 ) e = R AR R
BE AR g BRI AR B K b B v
W J& Lachnospiraceae_ NK4A 136_group Odoribacter
R FEN 2R WIE  EMKE L R P B v
S CHE IR FE ZER W, BV MW, A1
24l 2 W VB 285 A (1 ] o 2 [T = B2 BRI S5 A e
WE IR | R AE 55 Z2 B O™, DL RS RERIT
DSS B 12 PERGINAT £ B V8 R A 1 ) e o [ 1)
JE 3% AT g 5 H UGS DN BALHIA G,
TELARE M h & B, MOD 2H /)N B 35 W G A
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Fig.7 Species—environment correlation analysis
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