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Abstract

Objective: The effect of Sophora flavescens on intestinal microflora of AS mice was studied by 16S
rRNA high-throughput sequencing technique. Method: ApoE-/- mice were fed with high-fat diet for
10 weeks to establish atherosclerotic model. At the same time, ApoE/- mice and C57 mice were fed
with normal diet as control group, and ApoE/- mice were given Sophora flavescens solution as pre-
treatment group. ApoE/- mice were fed with high-fat diet for 10 weeks to establish atherosclerotic
model. At the same time, ApoE-/- mice and C57 mice were fed with normal diet as control group,
and ApoE-/- mice were given Sophora flavescens solution as pretreatment group. After administra-
tion, samples were collected and intestinal floras were sequenced. Results: There were significant
differences in the structure of intestinal flora in each group. Compared with the control group, the
abundance of Lawsonibacter and Muribaculum decreased and the abundance of Duncaniella in-
creased in the model group. Compared with the model group, the abundance of Prevotella and Mu-
ribaculum in the positive control group decreased. Compared with the model group, the abundance
of Lawsonibacter, Lacrimispora and Ileibacterium in Sophora flavescens group increased, while
that of Duncaniella and Prevotella decreased. Chlorocyclohexane and chlorobenzene degradation
pathway increased significantly in model group. After administration of Sophora flavescens, pyru-
vate metabolism pathway, limonene and pinene degradation pathway and glycolysis/gluconeogenesis
pathway decreased, while fructose and mannose metabolism pathway increased significantly.
Conclusion: Sophora flavescens can change the structure of intestinal flora in atherosclerotic mice,
and the main bacteria are Prevotella, Lacrimispora and so on. The possible pathways of Sophora
flavescens are glycolysis/gluconeogenesis and fructose and mannose metabolism.
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1. 5l

B4, AR CUBEZE LS X REZEAE Y AR Co i A5 A 2 4 R N ZRBE T R 2 —,
I BRI RA 2R LT Y, ™ B N SRR ar M RE[1]. SRk AELL (atherosclerosis, AS)/2 %K
oL 50 LB (1 3 B BRI [ 2] DUARER 22 WAL B A BEXT AS (AR HLIIREAT T IR, InAE BB
Vi B - BB N AE U TR SR AU AE[3], LR il I BRI AN A, T R R X
NRAg RIS 2] 1T Z M5REE4] -

P T A N AR R T HR R R MRS R G, LA pesae DR AR ™ e] LA 2 A>T Tl 52
Wi i AR B B A R B R AR R A, B S I E R B R SR BRI . S
GURIAES] [6]. CAWITUAIL, MIEREREAE R D RESCETIN AS AR R R E 25, T
AS ISR T L IEAE AW R 2 R BAIE[ 7] (8]

B PLHL 2 A0 A RN/ LS BRI RIS s R IR T SRR KA AL S Ak s 7 T A 4%
TAEFPLES9] [10]. HET, Mg W AREH g AT AS SEAABHEROR IS &L, HEHLEI AT RE 2
TR T i TE WO . SSRANTIRE, AT RE T BRERE 2 B A S 3 A e T R S
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W A

PERAY[11]. 12477 2 (Sophorae Flavescentis Radix, SF) & & BH#E 77 2 (Sophora flavescens Ait.) it 124,
Haos B By K&, KEF TR F BRI ENE STEA 2 RS, iRy ) R4
B3 AMHCFIE G . Pik . BRIAEEE[12]. AREARTI R RIL, 4T R AEARIESR I ApoE™”
INERTE S KV VRCHE 18 AT DA S 4061 L 20 Rk s o s A B BP0 T B [ 18]« FT LA A S 56 B 7 BT HF 7 45 SR ) 2tk
2 by BRI ST AS /N BRI R A R

2. MRIE A%
2.1. SEIEEN4D

SPF ZR 1 C57BL/6I /N 6 H . ApoE" /)RR (8L 15 5y C57BL/6Y) 42 H, 6~8 AL, 1AJH & 18~22
g, W E AL 4EE R LS AR ARG R AT, SYEATIES: SCXK(5E)2016-0006. Fh¥SLib #4545t
o 25 KSR SIS sh e B o A S R bR, SIS WIME B A g 5 v 20210002,

2.2. SKRREhY)

ESRHE(N Sy 775, #5: 20190911, 7 K AU il 2456 R 2 1), BT HEARAR T T45 A (5 : AA2003033,
A FEMRED AT E IR AT o 752 B ZELE e F AT 2 R A, BT ARty T 485 A 78 I FH BT B ks oK,
3 AR B K BC B ONTR 2R, 7O A A vegs ol A 30 min, LR AT A B R K

2.3 EERFMLEE

i IRTRHE 21%)E WA 0.15%H [/, Jb st AR A A H ARG R A ) HAE R ETE ST
KQ-400E, Rl asa AR HUREIVKHE(-80°C, FEMG/RABIBABRAT);: INumina i =l
FRAX (RS : Miseq PE300, Z:[E llumina 2 ).

24. IPHASHY

42 3L ApoE™/NER LUK 6 H C57 /N BRIE R SE — JE S, BEHLIEEL 6 H ApoE™ /N BRI I% B IR R
B RS ZKIE T (0.64 glkg)E N TALFZH(AM): 3 BENLEI 6 W MEFRE @i EME AT 4 —(AP);
C57 /NI B R E AR IRZL —(CP); 4k 30 W ApoE™ /) Bl ME 7% i fig 1 el 2t id s Fk g e Aol AL AR
AR AT AR R I, A5 ApoE™ /N E MR IARIEFE 10 J8 AT LA 2 3 3 ik ol B A AL AR L [14]
10 JAJG, AM kS0 E b B 2K AP, CP ZHiE B AHRAFUAEF 27Kk, 30 RN R IBEHLF
B3 AR (M, A BEERIK) S BHPEXS ALY, BBy T £5 K I 1.3 mg/kg) BL A 2 51(G, 1.29 g/kg)-
H1(2Z). 1K(D, 0.32 g/kg)ifl 4L, HEATHE S 4524, 2RI N 10 miikg, BEHBEE 1k, L4525 10
A

25 HEmREREREE 16S rRNA EFESBENF

ESAGEAE AN, TR TR, WSS AY), BT a KR EP &, JFArR)
R 2 -80 VKA . W 6 MFEAHBEHLEL 3 AN/ IE N AT 5 DNA $2HL, R 16S rRNA
) V3-V4 X 5| ¥k DNA BARiE4T PCR 97 1, EJiF5] ¥ 338F /7741: ACTCCTACGGGAGGCAGCAG,
U514 806R F41: GGACTACHVGGGTWTCTAAT, LAY 1 J5 =k AT sl & . AV i b
36 AR AR A PR 2 7] 56 i

2.6. BRI
BRI EEE S, H vsearch (2.15.1)A& 3041 VIBk barcode 551933 T i =i, 152 fa
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e %

. ARIGHETZI04A, T4 usearchl0 (1) unoised BEAT AE SR 2R M 3R15 BB IL RS P ASV.. 20 fols S0
et fa 4% XSRS 2] OTU 2R, PR S LU X rdp B8 2 3E AT W M R - 159 31 B A3 $5dE )5 12847 Alpha. Beta.
LEfSe 2> 3F4 &, A PICRUSt HE4T ThAE TR /> #r[14].
3. R
3.1. MELER

AR PILHAT 1.8 G HIEdE, &4 I 7 H 3 A R — SR8 961 M s, B4l UIkRsI9
SR fa Xk, BB A LIRS 31 M mEEAEUR T, it ASV JEERE KBRS 1316 4
REWFES], HAdF K E /NN 409 bp, &K 436 bp, -3 418 bp, FEA L 16S rRNA FEH ) V3-V4
XKEMHFTFE. SEBRAE S BB ak. Zhifk G153 1310 & 5791,
3.2. Alpha &4

HE 1) LA, FEERMEERAREE T, Alpha FBih &z dna 72, LT Fa W, itk
PR BE %, W43 07 51 AT DAARREEA BRSO, 7T LAEAT R 0. B L(b) B, SHRSAAHLE,
TR AL FRAH AN 2 E AR ACE $RE0E T E(P < 0.05), AR AN L EEZES, UiHIAH L TR,
A ERH AN f e = TR R E . SR REE 1c)Exm CPAH. M4, Y A G Az 84
FEAARFI R B, 3R S 4L A R 2R 58 44 [ .

9004 2
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Figure 1. Alpha diversity analysis
[E 1. Alpha ZHEMSE5H

3.3. Beta ¢

2(a) NFET bray-curtis #7551 15 21 3 AL AR Fl 73 #T (principal coordinate analysis, PCoA). H &
A LA SR 2E /)N BRI T8 B PT AR LA ZH 2 B R, DRI TE B BF S AP EZE 5. 161 2(b) PR 14
Ak Fr%h 43 #T (constrained principal coordinate analysis, CPCoA), &40 AREASTT DAREEAE —i2, T 2H T
PAZr BRI HIEI b BosiZ P ) DURRE I 22 5 8 7 R 22 S 6 1Y) 36.8%, 1 I 2% 4L /)N R i T A 45 1)
fELE R 2 7 7 (P < 0.01).

3.4. EERHSAOH

SRR R, 7RI, At 5 A1 502 4T 1% 7] (Bacteroidetes) . JEBETH (]
(Firmicutes). 22 JE 1 | ] (Proteobacteria) itk i | ] (Actinobacteria) LA 5 JE 14 ] (Verrucomocrobia) . A7 HT- T3
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LT

RCBRLA MR IRZE ,  ASE TR SOLRT B 1 DARDOT 2 BE T v, TR BEGR [ IR B N fe, TOAS TRRAE, R8254
FOURT BT TRE OGS = 28 T o, T S B 1 DARDN 2 BT (14 3(a))
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Figure 2. Beta diversity analysis
2. Beta ZHEME T
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Figure 3. Species stacking histogram

3. MFhHEBAERE

Genus

. Duncaniella
. Muribaculum

Paramuribaculum
Lacrimispora

Faecalibaculum

. Other

TEJB AT, M T HEZH, KR 2H XE I J8 (Duncaniella) KX 2 25 T, 4524 )5 1% 5 @ = B A% 4

Pb TR, 252 )5 X0 KB & (Duncaniella) = B2 N %, Lacrimispora B J& AH XS 4= FE T i

3.5. 4A]8) LEfSe ZR51F

L LEfSe(i & LDA > 2)7 3k 24 21 0] BAT B3 2 R A 5. i 4B H, CP AR M 4
A 3 FFRILH 2 5, oo Lawsonibacter. JI BT B (Muribaculum)7E CP 2H & 4, X5 [X 1 J& (Duncaniella)
EMHAEE: MANY LA 12 MFrR I 25, HPhERAKY, EHEIRKEEPrevotella). [ AT
B (Muribaculum)7E M 2H'E 4, Lancefieldella. Massiliprevotella. Criibacterium 7£ Y & %; G HA M 24
H 15 BRI Z R, fE/8/KFE T, Caecibacterium. Criibacterium. Lawsonibacter. JHiE T8
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e %

(Lacrimispora). [=1/17#1 i J&(lleibacterium) 7t G 41 '& ££, XS K& (Duncaniella). % 75 VX [K B J& (Prevotella)
£ M 4E %

BN CP HE M

g_ Duncaniella

g__ Lawsonibacter

g__Muribaculum
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Figure 4. LDA value distribution histogram
4. LDA B mHEIRE
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W A

3.6. ThRETM

{8 PICRUSE #AF%1 &4 OTU #EATHET KEGG MITIRETHIN, #A)5 F STAMP 3R A E4T 404, 434
g5 LT Welch’t-test #5560 . F 2R, 5 CP 4LARLE, M ZH &I Ot A SR B4 iR i4: /2 (Chlorocyclohexane
and chlorobenzene degradation) &3 F7+; 5 M 4AHLL, G A AERIERIC I &% (Pyruvate metabolism). 715
I FIR I B i 72 (Limonene and pinene degradation) DA K B fif /4 55 4 143 1% (Glycolysis/Gluconeogenesis)
NE%,  SUREATH 224 A (Fructose and mannose metabolism)il % 2 2% E 7+, WK 5.

C3CP E=3M 95% confidence intervals

5.36e-3

P

Indole alkaloid biosynthesis ’

g
. . | ©
Betalain biosynthesis ’ ? 9.77¢-3 £
Q
£
Glycosphingolipid biosynthesis - lacto and neolacto series ’ cl) 0.013 S
P — ' 2
1 l
Chlorocyclohexane and chlorobenzene degradation ] { ! 0.043 =
|
I\ l
0.0 0.0 -0.006 -0.005 -0.004 -0.003 -0.002 -0.001 0.000 0.001
Mean proportion (%) Difference in mean proportions (%)
(a)
M a6 95% confidence intervals
|
Pyruvate metabolism E | —o—r 0.021
|
RIG--like receptor signaling pathway I 6] 0.022
! 3
Fructose and mannose metabolism El I 0.026 §
' 8
Limonene and pinene degradation H l—o— 0033 $
| g
L - 8
Glycolysis / Gluconeogenesis E S CU— 0.034
|
Bladder cancer | o 0.042
|
I Il
0.0 1.0 -0.15 -0.10 -0.05 0.00 0.05 0.10
Mean proportion (%) Difference in mean proportions (%)

(b)
vE: (a) CP LA M i 2 Tl (b) M 4LF1 G 4L 2 il %

Figure 5. Differential metabolic pathway map based on KEGG prediction function

5. BT KEGG FulITh AL M2 B8 B 2
4. e

AT, 108 T 2 A A 2 PR 2 9 A M 5 1 7B LM 5 [15] . AR RAEL AT U 4 R 5
AT AR AS /NSRBI BKIR R AL BE A/, HOAS Y9280 S5 H (12585 16S rRNA 7 S0 5 H A
TSN AS /RIS E RS I, SIes R R, 5225 ACE 185U, TR it H R

W%, HREBEERE RN REERM RN TAN; Beta ZAEIESS R E RS S5 20 )5/ WiE wi
SR T AR
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R 4

ARSI, B2 G R TR TR, A7 R R AR AR U 22 R M R 1 1] 261
It HIEBER s & 58 RIS HR IR, SR T RE MBS W) R EAARHE, (21t e & A A&
WU [17] [18].

AT, W BT B (Muribaculum) m] 8855 %1 &) B AN 52 AMLIE S 85 AHOC, #3952 AS IEZEEL
R [19]. AT, SEEAIHA LG, BHEL/N B IE 0 % SUFF B (Muribaculum) F BRI . 58
IKIK B J& (Prevotella) J& THAFBE 1T, & —Fh g 22 IRFA I, A B 78 A B =F 8 385 n ] s S J5t =2 8 40
FEAE Th17 SRAGAHAR IR 1 1L-23 1 IL-1, XA ReFI4HEnYE T 48/ 17 (Thi7)A SHF R IE A, 5
HNZ T @I 2 R AR AR AR R KT IL-64 1L-8 [20]. FEMSRYL v, 35 7K K I & (Prevotella) (1 AH Xt
FEEE S mm a4 .

TRZEFENGE L RHERAERNYR, =5 WhiE NS, el (2t [21] [22],
Lawsonibacter & —Fft A A SAE sp R SR T RR b A 1R [23], A Ron 2% AR B T 7 5 AAD
KRMGIER TR EME, b e iR T8 (Lacrimispora) [24]. A2 b5 225 24 51X 15 1 J@ A1
XF T

AR, SRR B AT E E (leibacterium)=F B Tt , 43 HF 78 3 W76 HE BE A s B OB L o
[ Ji F B4 J& (1leibacterium) ¥ 3= £ 5 R D7 0RR 52 SRH 5G[25],  AEAT BIF 2 3 WHLE oy 1R W v i 07 R v i s
ATREIN 10 £, AN E AR T RE S ACEHEBR A G [26] [27], FHEAARMEH & EdE— DT 5.

BRI i 2 5 0 KNS B A T2 B P e o B2 S e ARUINE AR 2 — (28], AW AR, BBk R /N
A AP IS E T 1 IRIAE, W/ AS DS R v 8 Hops B g i & FRAIS,  2E s/ sl ks e Al AL Bk
[29]. A BIFFEAN ] T %8 % hE-6- W I I UM G P, AN I IR/ D T B IR T i A 5 W A 1 22 VR, BRI
T A R A KT R IEAE AS 51475 [30]. SR 2 S BN T /)N R R R B AR OB S AR AR R AR
KBS TS RAT I 22 i, RO N & T DL AR IR RO 26 [31], v SR F7 o AR
I, R AR R A P, B T AR XU

5. MRAER M

LR ERTIR, WSR2 fE R T BN KR REREA /N BRI R A A, G S K AR R AL R F BT
A5 AR 75 K IR R & (Prevotella), 1= H 1 JE i+ J& (Lacrimispora) . Lawsonibacter, LA it =] i+
P J& (lleibacterium) () F= F A X s W S G 245 /EH W@ B T 68 A BB/ HE 7 AR
(Glycolysis/Gluconeogenesis) A & J 1 F1H #5 ¥4 5 (Fructose and mannose metabolism)i& 4% . (HHLIA 1) 718
PR RF S5 1) S B L S o, TR AR 22 Wit b S AR i TG e Akl S e B, XA e Tk — B IR N
FORARVE s IF HAs 2 208/ S 38 W 0 TR R BARPE R 0 LR M ANTE 2, 124 S ORIRATIM BT
FLE R
FlgRomze

ARSI 2 PR
EE U H

BTRH R R 2B 2017 SR ARHT B B R AR R LI, H w5 B3RLE1 & A A4[2017]5735 5-15.
SE 30k
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[21 #=, $HouS, I, S5 JIE 4L S0 00 0 05 5005 it 7 PP A R B AR R 250 A0 IR s [3]. T AR s AR -
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