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Abstract: To study the regulating effect of total phenolic acids from the stems and leaves of Salvia miltiorrhiza
Bge. on the intestinal flora and short-chain fatty acids in spontaneous type 2 diabetic nephropathy mice, db/db mice
were taken as the research object, and were treated with the total phenolic acid of Salvia miltiorrhiza Bge. Animal
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welfare and experimental procedures followed the regulations of the Animal Ethics Committee of Nanjing University
of Chinese Medicine Drug Safety Evaluation Research Center. Fresh feces and cecal contents of mice were collected
for analysis of intestinal flora composition and differential flora. Gas chromatography was used to detect short-chain
fatty acids in fresh feces and cecal content. Then the correlation analysis of the two results was made. Compared
with the normal group, the most significant decreased differential flora in the model group were g_Rikenellaceae_
RC9 _gut_group and g_Bacteroidales_S24-7_group, while the most significant increased were g_unclassified_f
Coriobacteriaceae and g_unclassified_p__Firmicutes. Compared with the blank group, the contents of isovaleric
acid and valeric acid in fresh feces and the contents of 6 short-chain fatty acids in the cecal contents of the model
group were significantly reduced (P < 0.01). After drug intervention, the intestinal flora disorder and the reduction
of short-chain fatty acids were improved to varying degrees, and the effect of the total phenolic acids from the
stems and leaves of Salvia miltiorrhiza Bge. was slightly better than that from the roots in regulating some flora
and short-chain fatty acids. The results of correlation analysis showed that g_Rikenellaceae_RC9_gut_group was
moderately positively correlated with acetic acid and isobutyric acid in the cecal contents (r > 0.4). It is suggested
that the total phenolic acid from the stems and leaves of Salvia miltiorrhiza Bge. can improve the intestinal flora
disorder of mice with type 2 diabetic nephropathy, and can regulate the content of short-chain fatty acids in the
intestine via adjusting the content of some short-chain fatty acid-producing bacteria, thereby helping to restore
normal.

Key words: stem and leave of Salvia miltiorrhiza Bge.; phenolic acid; type 2 diabetes mellitus; short-chain
fatty acid; diabetic nephropathy; intestinal microflora
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Table 1 Determination of fasting blood glucose (FBG), blood urea nitrogen (BUN), and serum creatinine (SCr) among control (Con), mod-
el (MDL), and administration groups. n = 10, X = s. *P < 0.05, *#P < 0.01, **P < 0.001 vs Con; "P < 0.05, “P < 0.01, ™P < 0.001 vs MDL.
TC: Total cholesterol; TG: Triglyceride; MH: Metformin group; JH and JL: The high-dose and low-dose groups of total phenolic acids from

the stems and leaves of Salvia miltiorrhiza Bge.; GH and GL: The high-dose and low-dose groups of total phenolic acids from the roots of

Salvia miltiorrhiza Bge.

Group FBG/mmol-L* SCr/pumol-L* BUN/mmol-L* TC/mmol-L* TG/mmol-L?
Con 3.7+£0.6 0.079 + 0.008 109+14 3.32+0.19 1.12+0.14
MDL 23.6 + 2.9 0.105 + 0.020% 13.0+1.8* 5.1+ 1.0% 2.7 £0.6"
MH 10.6 £4.1™ 0.065 + 0.016™" 9.8+1.6" 3.6+05" 1.6 £0.4™
JH 12.9+2.0 0.066 + 0.017" 104 £1.3" 4004 1.9+0.5"
JL 152+41 0.076 + 0.029" 10.65 + 1.26" 3.8+0.6" 1.71+£0.28"
GH 125+3.1" 0.067 £ 0.017™ 9.6+15" 4804 1.7+0.3"
GL 16.4+2.0 0.065 + 0.022™ 10.17 £ 2.24" 4.40+0.17 1.6 +0.5"
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Figure 1  The rarefaction curves and shannon curves operational taxonomic units (OTUSs) clustered at 97% sequence identity of all samples.

A: Faeces; B: Cecal content
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ace.simpson Al coverage. Sobs.ace fl chao $& % 1 Jz
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T $ I MR 75 2 B M (community diversity); coverage
FEHOAT [ WLBEY 78 75 (community coverage). FS{HFE
AKZ TR ST N E I N BV AR Z AR gt
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JEEETR ] (Firmicutes) . #UAF B '] (Bacteroidetes). J/& fil
B 1] (Verrucomicrobia) F14E /1% [ ] (Proteobacteria). J5
BEGE T 3R 1K A i 2 2L, PR T 1Rz . B K
P b, FZ BT B BIR O FLBR AT & (Lactobacillus) 46,
¥ ¥ J& (Bacteroidales) F1-E 2 1 J& (Lachnospiraceae)
& A SR R KR R B ZE R EROR .

/N ERE W DR A B R R VE A5 R T] B KT
SN IE 2B, TR L, BN AW & HFE A
BT 53 KA JEBE B 1] (Firmicutes) 80 5 17
(Bacteroidetes) . 4% J£ # [ ] (Proteobacteria) JIit 2k AT 5 1]

Table 2 Alpha diversity indices in fecal sample and cecal content samples. n = 5, X £ s. #*P < 0.001 vs Con

Sample type Group Sobs Shannon Simpson Ace Chao Coverage
Faeces Con 491.4+14.0 42+05 0.06 £ 0.05 530.6 + 13.1 535.3+12.3 0.998 1 +0.000 1
MDL 459.0+71.7 35+04 0.092 + 0.025 519.3+62.8 5349 +57.1 0.997 5 + 0.000 2%
MH 462.4 £ 23.2 3.44+0.22 0.103 + 0.026 527.0+24.9 536.9+31.2 0.997 4 + 0.000 2
JH 4748 £ 34.7 2.8+0.6 0.26 £0.13 542.8 +21.7 560.3 + 24.7 0.997 2 + 0.000 4
JL 475.0+21.7 29+05 0.23+0.13 5446+6.4 548.3 +10.8 0.997 3 +0.000 5
GH 483.8+21.1 3304 0.16 £0.08 5355+ 145 538.7+6.5 0.997 7 £ 0.000 3
GL 4716 +28.3 29+0.3 0.22+0.08 533.7+225 541.4 +13.6 0.997 5 +0.000 3
Cecal content Con 461.8 + 36.5 44+0.2 0.025 + 0.007 531.3+44.3 539.5+41.6 0.996 4 + 0.000 5
MDL 471.8 £50.1 42+0.2 0.036 + 0.011 543.0 + 58.3 534.3+57.4 0.996 3 +0.000 5
MH 438.2 + 40.6 412 +0.03 0.043 + 0.008 513.5+39.8 510.2 + 38.7 0.996 3 + 0.000 2
JH 541.2 +18.8 4.63 +0.07 0.022 + 0.004 591.9+21.0 595.9 + 25.3 0.996 6 + 0.000 3
JL 509.6 +81.9 4.66 +0.08 0.020 6 + 0.002 4 571.0+74.6 570.7+73.4 0.996 6 + 0.000 4
GH 512.6 +15.7 457 +0.12 0.023 + 0.006 568.8 + 18.1 5739+214 0.996 5 +0.000 2
GL 512.2 +16.2 4.63 +0.09 0.021 + 0.004 564.9 + 24.6 568.5 + 24.7 0.996 7 + 0.000 3
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Figure 2 The differences in the community composition between the phylum units and the genus units. A: Faeces; B: Cecal content
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(Deferribacteres) Jif B4 [ ] (Verrucomicrobia) A7 28 B
I'] (Actinobacteria). o, i 2517 (Deferribacteres)
Fe UL B T (Actinobacteria) 78 5 g N 2 W)k 5
I, FEATAEAS A A I L B B> . R KE b H T
b e ] 4K Tk O BFF B 8 (Bacteroidales). E B2 H JE
(Lachnospiraceae) #13, # #+ & J& (Lactobacillus) &% .
55 6 SRR A bL, 3 i R SRR SR R, (AN
(7] 177 < Ja < 18] ey 28 ke B A3 22 S 0K o

8 EREEMERGWMATIER

K LEfSe B 4% H ek B A ] 7 7 A 6l 2 1k 22
SN BEVE S Fh . LEfSe 2 — Rl T R BLmE 4E 49
B PRRA 8 7 2 R 2RI B B, G TR 233 2 2H okt
TE A i AN 5] 1) 23 AL 2% A 1R 4 B ) 301 73 # (linear
discriminant analysis, Lda), Jf ity 54 /> 4 Fh =F £ 6 2
F RO LA R NG R 2 SRR Y A TR R, 3
TEFEAR 45 5 W B 3A, B 1 N B YIFEAR S Hr 4 R I
Kl 3B.

FER S HHEA T, MET A SENA DA ZE R
HIRREREAT GETt 2 0 o AT REAS & 4 22 5 11 A O AH
MEE T E RN 3C. S5 AHME, A H
g_Lachnoclostridium (P < 0.05).g_Rikenellaceae_RC9 _
gut_group (P < 0.01). g_Eubacterium_nodatum_group
(P < 0.05) F1 g_Lachnospiraceae_UCG-001 (P < 0.05)
¥ 2 52 P T F%; g_unclassified_f__Coriobacteriaceae
(P <0.05) 20 E M LT, 545 250 H A FFEE I AR
FH, Hodp %5 2540 35 g % g_Lachnospiraceae_UCG-001
AR R BRI .

B W N B YIRS B2 22 3 R R (R ARG =R B2 ) A &
RILK3D. 57 4L, BRI g_Bacteroidales_
S24-7_group (P < 0.001).g_Rikenellaceae_RC9_gut_group
(P < 0.05). g_Ruminococcaceae_UCG-013 (P < 0.05).
g_Eubacterium_coprostanoligenes_group (P < 0.05).g_
Ruminiclostridium_5 (P < 0.05) #1 g_Lactobacillus (P <
0.05) £ & M FB%; g_unclassified_p__Firmicutes (P <
0.01) & & F M EJb, & 45 25 4 A A [R)F2E FE 1 e i
fEH .

Table 3
chain fatty acids. n = 5, x £ s. RSD: Relative standard deviation

HIME B N BV SELS, 45 R LW, % 4H
2 fie A 1R R B 50 i T TR R A S R 2 b ) AR R
FE, 43 2 50 %o LA B PR AR A, DR L R A
#12 #L, 3 v g_Rikenellaceae_RC9_gut_group 7t ¥ 38
FEAR TR E T &S
9 MEEREINREME TN

TESE 5 5 i N A ERE K I 2 AN A TR D e il
MsF (B 4), Hrpbs %2 5 4% (carbohydrate trans-
port and metabolism) ik 1% 7£ PJ 20 FF A b = B, S
FEMAL, F4, ZEHEILF W A F R s 5 A
(amino acid transport and metabolism) . & 1% A % # 14
45 K6 RN A= W) 4 A (translation, ribosomal structure, and
biogenesis) 2 il BE/ I/ 0 4R A= 4 & ik (cell wall/mem-
brane/envelope biogenesis) %% =% (transcription) 454 1}
b g
10 #HEFEFEMEHASYHIEBEHEKSENE
10.1 FREER  4RER (K3), LA R
R A E A M, FESLTE 12 h W R RF R e M.
102 EENMEVANSYPEEEHIREEER I
{HE it FIURE St v 110 6 662 50 T 7 T2 1) <O £ TR DL R L
TEARNES EWEFEAT, EHEE LR
1) JL B T I TR 20 Dl T, T S TG TR AR I TR 55 - A X A
Ao 5 A L B 2H /N BB 28 ) S R R
HIIE CA KT W N 4500 v 1 6 i et 5 g D IR 5 R AR
E > (P <0.01). 254 Flf5 K I, IL AT GL 4%}
I 3 5 v 1 6 P R B DT R 3 B A B AR A
(P <0.01), P+ Z e BRI T FHIEZ A, GHARR T
X S A ) TR TG 3 A F A, e FL A 5 R B
A8 Wi B A B A2 W R AE A (P < 0.01); JH 41%) 4
W TR IR A R R BAT B3 EEAE (P <0.01),
THRAETRT, BERTHMEBHH. EMNE
Y TR e T R S LR A Re - 2 2 LTS, &
BREWN (P <0.01), GHMGLAKREEERHE
o N )T BR AN IR, WIS AR R A 4
I AF; IH AL ZH 81 5 o N 2 SRR EOAE 5 T
HA &G4 . SR SRR IR % & 45254

2

Linear regression equations, correlation coefficients, linear ranges, accuracy, repeatability, stability, and recovery of six short-

Compound Standard curve line R? Linear range  Precision Repeatability 12 h stability ~ Average Recovery

/mg-mL? RSD/% RSD/% RSD/% recovery/% RSD/%
Acetic acid Y =33 396X - 12 960 0.9995  1.63-52.25 1.35 1.64 3.81 91.96 5.15
Propionic acid Y =60414X-28532 1.0000  0.39-50.34 1.84 1.03 2.61 91.40 3.57
Isobutyric acid Y =84814X-58421 09995  0.36-45.84 1.52 0.40 1.57 95.31 3.21
Butyric acid Y=77828X-36976 0.9999  0.37-47.24 1.61 1.01 4.30 105.02 3.06
Isovaleric acid Y=90 439X - 34 203 0.9997  0.09-44.37 1.01 0.55 2.24 103.32 4.74
Valeric acid Y =81117X-22054 0.9992  0.09-45.19 2.97 0.81 2.17 94.81 4.50
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Figure 3 LEfSe hierarchical tree map of multistage species in faeces (A) and cecal content (B). Average relative abundance of difference
features flora of different groups in faeces (C) and cecal content (D). n = 5, X + s. *P < 0.05, *#P < 0.01, **P < 0.001 vs control; P < 0.05,
P <0.01, P < 0.001 vs model. Lda: Linear discriminant analysis
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Figure 4 Metabolic function prediction of community samples. A: Faeces; B: Cecal content. COG: Cluster of orthologous groups
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Py B8, T i 2 0T R A D R R S TR ) A T A
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11 HAXMSH

L H R 1 AR 22 5 B (17K P g 7KF)
55 R BE R DT R 2 B e A O VE 43 B B4R (181 6). AR
46 b, Spearman #2¢ £ % r > 0.4 Fl r < -0.4 73 5| F o
JEIEAR G5 o 2 HRH OGS

B SR 45 IR R, AET TR B T4 T
(Cyanobacteria) 15 6 F 55 5 g 7 B8 35 2 Hp FE ARG . 7E
J&7K>F- I, g_unclassified_p__Firmicute 541z .5 T B .
TR R AN I R #5) 5 B IR AH 9K, g_unclassified

o__Lactobacillales 55 A ig £ 7 T 1&g $5) 5 o BE 1 AH 5%
FEHE B (g_Alistipes) 5 218 2 57 [ R AR 2
rhEE AR K

BN AR g5 REW], 11K b, ZBIRHE
I'] (Proteobacteria) 5 A R A1 T 2 & H B 1EAH OC; B4k
Y 1% '] (Saccharibacteria) 5 £ 8 & w1 IEAH K, i 5
HIREFE A, ERAT L, 5282 IEM
3 [ & BRI B B RCO 4 (g_Rikenellaceae RC9 gut_
group) A% B & £} _UCG-004 (g_Ruminococcaceae_
UCG-004); 5 T4 8 & o B 1E AH 5% (1) =2 B Bt 9 B4 &
(g_Desulfovibrio); 55 7 T & & 1 B 1E AH 5% 1 72 BB B
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f__Ruminococcaceae; 5 TR £ IEAH G 2P K MKMW EZL KEJE (9_Roseburia). J& B #2 & & _5 (9_
B J& (g_Roseburia) F19% § % £} _UCG-004 (g_Rumino- Ruminiclostridium_5) F1 g_unclassified_f Ruminococ-
coccaceae_UCG-004); 5 57 g &2+ B 1EAH 5 1) 2 98 caceae. 52 HE A K ERITERITEE (9_
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Figure 6 Heat map of correlation analysis between different intestinal flora and short-chain fatty acid content in fresh feces and cecal contents.
AA: Acetic acid; PA: Propionic acid; BA: Butyric acid; IBA: Isobutyrlc acid; VVA: Valerlc acid; I\VVA: Isovalerlc acid
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i 38 ) A A B, R R AT R R A R A A 9 i
BB A # AR R, A sz b g_Lactobacillus Al g_
unclassified_o__Lactobacillales 3 J& T- LB #T & H , 2
P 5 50 T L T I R A O M B AR ORI 22 e, 42
FNATE 2 RUWE PRI /)N BRUAA A AH TR] B8 L ot 6 5 T 7 IR 1)
W) JF AN — Stk AWK, MWEREE_S
(g_Ruminiclostridium_5) #1 g_unclassified_f _Rumino-
coccaceae ¥ 5 A~ [ i B g 07 B2 7 A= AN [R) 2 B2 1) v B2
IEAH G, X 598 5 1 B (Ruminococcaceae) A& 7= AE Jid
B D R ) B 2 — I ARGE AR AR, BERLE R,
AR T IRENE N & & A m, (AR HX 4R E bR
AU TN RE S 4E 3 1 32 15 W T i B LA A B E B
PEBL4, g8 B Bl UCG-004 (g_Ruminococcaceae
UCG-004) 1% (K14 J& (g_Roseburia) #BJ& T T & £ 1
FEAER, TR S TRRERIUH P IEHRBIR. 5
T HAA L, AL N R R A TP A R _RCO A
(9_Rikenellaceae RC9_gut_group) # & 24 T & 3 T B%,
B2 e mH A RA T ARTEEREE, X ERNA
YL JE R BOR L. AR T s R BN,
T AL RCIZH (g_Rikenellaceae RC9_gut_group) 5
BIABEY T ORISR T BREA T EHE. 456
A, W LAHEI BEAH B R _RCO 41 (g_Rikenellaceae_
RC9_gut_group) A RE & 2 M R 5 B 96 /N B A4 N i i
WA SR DIRRAH B — AN EHEFE, 11258
T g0t 2 B PR /s BRI R S E - T e 5 2 A ke

GG S M 2 T RS R T I, B PR B R
/IN B P i TE TR B 4 A AR U PF S 2 A R
FHSAR SR 250 T AT 8 5 B8 /N R A4 4 1) i 1
PR 2L PO S 2 mT DL a4 40 M 7 IR
AR TR I B R R v i o R R D R &, R AL
LR PE R, R TR R AIRE o P12 20 iR &
P2 AR TR VR 715 W R B /0 SR A AR A AR AR TR 245
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R AR, Fh 2 25 J Wy TR AE 59 7 22 S A Al R
R 23 R AR B R A AL TP SR R . A
S S5 RN JE 1P 2 25 AR IR SR B (1 5 BT K
A FH PR A -

1B ST 15 W 22 R B T SR BRI SR L B 8 AR
MIAR S 5 S A Bl AN RS R AZ 0k 5, /R 88 R
AN K 4R it SR IR B ST HF

FlERS: Pr A fEH I WA B R
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