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=t & B ¥ (Panax notoginseng root saponins, PNS)/E A= EEIHF MRS, OREELSEHEFRE
RAEMEAEH, BEIURTARNERZG T _FEERINRMARS . £P5RABHI. GAMKGMME;
FREENT NIRIE AT SR ESE TR, H BRI AN INPNS ) 3246 48 (BHIP, GAMP, GMMP) . & i =31
B EIEERSITARRERERZG TSR ESRET IR, FHA16S rRNANFEITE LW
o 2R E7R: BHIPAXNEHR:. Rb HIRAFEIIAHMNEZE > 73%; GAMPARFR I FHBALHERD,

REFE >84%; TMGMMPANMR KR AIRe, HARBE <25%. BHI. GAMEGMM =4 MBS

MEFEEEZER; 5% BX RBAM, BHIPSGAMPA K E #faZ FE4E (Shannonfi $0) £ 3 4K (P < 0.01),
HEEMREREEM(P<0.001), TIGMMPAHNTLEERMN . AEFHER L, BHIPAEEESL T Lach-
noclostridium. ParasutterellafBifidobacterium; GAMP4 .2 E4E T Bifidobacterium. Escherichia-
Shigella; GMMP4 N =2 E4 T RoseburiaflAnaerostipes. 4% &, PNS5 g B BE K B AE B NAEAR B 5
FEGTEREEZHESM, FEIREPNSHREMMNE, BRSLEBEFEER.
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Abstract

Panax notoginseng root saponins (PNS), the main active components of P. notoginseng, interact with
the gut microbiota after oral administration. However, the understanding of their interaction under
different nutritional conditions remains limited. In this study, human fecal microbiota was anaerobi-
cally cultured in vitro using BHI, GAM, and GMM media, with PNS added to the experimental groups
(BHIP, GAMP, GMMP). High-performance liquid chromatography was used to quantify the relative
metabolic rates of five major saponins under different culture conditions, and 16S rRNA sequencing
was performed to analyze changes in microbial community structure. The results showed that the
average relative metabolic rates of saponins Ri, Rb1 and Rd in the BHIP group exceeded 73%; the
GAMP group specifically and efficiently metabolized Rb1, with a metabolic rate above 84%; while the
GMMP group only metabolized R: and Re, with metabolic rates below 25%. Significant differences in
microbial community structure were observed among the BHI, GAM, and GMM groups. Compared with
their respective control groups, the a-diversity (Shannon index) of the microbiota in the BHIP and
GAMP groups was significantly reduced (P < 0.01), and the community structure was significantly re-
shaped (P < 0.001), whereas no significant changes were observed in the GMMP group. In terms of
microbial composition, the BHIP group showed significant enrichment of Lachnoclostridium, Para-
sutterella, and Bifidobacterium; the GAMP group was significantly enriched with Bifidobacterium
and Escherichia-Shigella; and the GMMP group was mainly enriched with Roseburia and Anaerosti-
pes. In conclusion, the interaction between PNS and the gut microbiota varies significantly under
different culture conditions, and the environmental context should be fully considered when eval-
uating the probiotic effects of PNS.
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1. 51§

—t(Panax notoginseng) & = FEMZHM, HE “GAH” . “ShZE” . “FIRILHKR” . “FHE
PREL” S35 PUABEAARY], =L E 2. 20, 3. ERIMEZ PSR, Hrh 2t
IR B PEMEY T . = LR R IR O I % 7 T 23, ARG s (2] S A X
AT A A XU 3]-[5] Bk L [6] R MUAE[ 7] o VUSRI R E R [8)5%, HEAMARIFEN
[9], TEMRVER 5 EERBTIG 7 g IR M. FEEREN DERAIRE]L, X =t el etk
JRERFESR, HEZEPISLE X HBNE[10].
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—LHRENERZ . BRI O . — LS B 1 (P. notoginseng root saponins, PNS) 3= 2
JRNZ RN S 21 Rby Ml Rd), JEAS =BEAI(ANS BT Rg. Re fI=-L2H RN, 5 HESE
A B PNS 19 90%LA 1], Forb Ry J& PNS AURFEMEA 5o ST, I ey 5 i B DR A X 4
THREROR. JaEtEz, SEANKEAGERZRRI12], TakrEmEERE, SRR, RE. |
o WAKEE I S AR R AR =4[ 13] [14], BA TS EIEE[15]. AR 18 B R 00 2 5 AR
RESAFAE R E 2R 16] [17], WBE AR A AL RE AEIR KRR OE T PNS HIZEVIRI L. Bb4th,
PNS S HARH ™ A2 IR AR Y AT i — D R 8 R4 [18] [19]. HATHFAR W N EH & “EKatn”
HEM[12][20], FZAERRAR S IE M QFEA o i G, A DA F 3R, AT I8 oG i
R BT R T 22 P I B YR AR FH(13] 6

A T B =P AR R TR B AR S IR UK B AR & i 012 W35 77 55 (Brain-Heart Infusion Broth,
BHI) AL IE Al E 9% 045 28 0 PR 48 85 77 %5 (Glucose Anaerobic Medium, GAM) & & &R S5 0IE: 8
AW 357755 (Gut Microbiota Medium, GMM)BEAU I TE W R, B8 EmoKEY) . FLEENEIITR & 2 Fhdk
HERETYIF21][22]. BERSORM GRS 16SIRNA ZEEMFEHA, WM& ERHNAREIHEY S
HAFH BN ERE, RGENT PNS 51118 W0 BARRHE, FRidE— P I 3 P FRExt PNS-H#f
FARRIRZM ZE 5 o W FUEE RONEE TR A4S PNS SR AR BAESR 7 B3R, HHER/EPRIT PNS 4%
JHIE RS, T A0 B BB LE R T 5.

2. MBEE®
2.1. MR

KAE 3 ZAEREEREF R 3 AN A 0 B BB iR R IR SRR SR AR, T IRE AL
90% N2, 5% CO2, 5% Hz) FHE 0.1% (w/v) LB PR BR H R £R (1) PBS W35t MK H 70 F1 40 pm G
BB UE, USRI BB ZEE B R [ 23] [24].

2.2. FERFSEHE

—LHRAZEFPNS) (B HEE >70%) brdEi AZ 21 Rbiw Rd. Re. Rg f1=-L&H Ry (HPLC >
98%) XM T g AEM RIS A TR A F]s BHI B985, GAM 538, H R AMEAARAR,; @i
K OHEFFEE, € H Sigma-Aldrich A H AR AL =5 H o Hr 4l .

BRI, HARREAT]; BRSO, [ Eppendorf A7) RA TAER, Ll RERIAS 1
FAMRATR: B ARG MR T A R AR %%,

2.3. 1EFEEH]

(1) BHI i fARE 7755 38.5 g F AL T4, 1.0 g LBt EIREER SR, B& 1L, KEAHE, W0 0.25%
(wiv) GALIILLT ZAN 0.25% (viv)4E4: 2 K 7% 4 mL.

(2) GAM WIARE 7R 0E: 49.0 g B b T4, E& 1L, KEAHE, W0 0.25% (w/v) SLIMLE 2
mL. 25% (viv)4EAE R Ky R 0.4 mL.

(3) GMM VAR 756 [23]: 2 B8 SCRRTC 1) K

(4) SEERZH¥EFRBL: FREL 42 mg FTIW) PNS (ke 4i R : BH S ELN 70%), BARA LIRS, KH
T 3 mL KA BHI AR 55, #1459 14 mg/mL BFE, FHH 0.22 pm JEE I S8R . BURRE
AN BHI 5%k, (FLAAFUN 30 mL, 196 8K E LN 1 mg/mL PNS ) BHIP 5335, GAMP.
GMMP K5 77L& 77k [A b
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FITAT R IR A R AT AE R A IE 12 h, BRI
24. ik

2.4.1. #EHBFAEF

FE R TAE RS T, K45 07 0 28 T RE RO 1/100 (vv) RN 20 SR 25 DU R 15 903 S0 .
BHIP. GAMP. GMMP K:7:5:; FHPEXTHEZH: BHI. GAM. GMM k:3:4k.

I, BB AR R B X R4 stBHIP. stGAMP. stGMMP.

A A E T PRA TR, 37CHEERFE 48h J5, BOUEE HIGH T 280, Scub 2R BH M
HEAH A TS SR T 4 T DNA 281

2.4.2. HE 16S rRNA EESEEBUFREYERESH

fd1 F 25 2 K2 DNA $ BGAF @ S USSR TR AR FE A DNA,  #AE I A4l & w W BT . 1R
F| DNA Bl &k )5, 405 16S RNA ZEH 1) V3~V4 X, § =Ygtk &5, 1E llumina
NovaSeq 6000 “F- 5 L3417 2 x 250 bp BT o BAE TAE AT ) A PH AR IR 2 7153347

I AR A ) X e ds AR A barcode (5 B AL M #EAT BRI 70, SR X PR A T B (FLASH, ver-
sion v1.2.7), & IE(Fqtrim), %k &4 (Vsearch, version v2.3.4), 741 [4E:(QIIME2 DADA2), 3kf5
HREFEMER EHAEYZF5] ASVs (Amplicon Sequence Variants). & QIIME2 45AE 43252884614, F ASV
REEMEFFH S SILVA 8l Fe (WA 138) M1 NT-16S K FE (WA 20230718)3E4T EUVERE, & 3RAGM R 7y
K EEE. FHTHRN ASVs FFEFF, FIFH R 4.1.3 BAFH vegan %3 1l J5 (00 7 55088 1047 5 429
Mo FTEFEARN Goods_coverage FEEI =T 0.99, “hammnMisk 5550 - FREMLL, AN T4
REFERPESIEN. f 2P Weighted unifrac #E4T FEARAR M (PCoA). A RETE 4L Rk
Bar Elf&€7r; psych fiH5 Spearman A5G Z-score FRfEAbJE I EE T #VEl. AT K7 AIME B B2 EE
& [ R AR s # o0 (National Microbiology Data Center, NMDC), #2UX*5: NMDC40102354-
NMDC40102371.

2.4.3. BH HPLC &M 534

FESHI 4 U 2 mL R BERRE fh SR BUKEANIE T RAE AR 3 Wk, WEH&IF LW, ek
ARAEEIRAG T, F 2 mL RS BRI 5 2 MFLIERE(13 x 0.22 um JE B, HHLR)SIEEH -

FESASIN: il F A H B PG-C18 (4.6 x 250 mm, 5 um), FEIRFEEE AN 40°C, W AN | mL/min, ¥
A NK(A)-ZIEBYBEEBERL, KK 203 nm, FeBiE A8 100 min, FFCGEERE 10 Lo BAEE BERURE
FF: 0~0.01 min:0%~20% B, 0.01~25 min:20% B, 25~30 min:20%~25% B, 30~41 min:25%~41%B, 41~55
min:41%~45% B, 55~80 min:45%~74% B, 80~82 min:74%~100% B, 82~92 min:100% B, 92~100
min:100%~20% B.

ST AR AR Z AR R B RT S5 PNS HH i & 2 A B B R AR AR A HEAT T AR 3R %
=(Ao—A)/Aox 100%, T, Ao ARFXS IR B IR P RE 8 2 1 B4R 1Y) HPLC WA AR SEIG 4 %57
R[] —Ff R B ) HPLC W TR A

2.4.4. BEG TR

AR USIE RN + FREZERIR(n =3). AW TR IIFTA 5% BRI 2k B3 48 ] Prism 8.0 (GraphPad,
La Jolla, CA, USA)E . KA HIR R J7 250 (One-way ANOVA)HEAT AR LLES, k=T 0%, Wik
— {8 F Tukey HSD %) Fr 75 22 LU IR B PR L3EAT S5 Ja PR A LU IOV SR 2 P, P < 0.05 BN R BB Gt
BEME.
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3. BRESR

3.1. FEEFEDIZEEE PNS BR SHSE
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Figure 1. HPLC chromatogram of high-content monomer saponins (a), PNS-supplemented sterile media (b), and HPLC anal-
ysis of PNS metabolism by gut microbiota in different culture media (c)

1. 5SS ERKREEM HPLC &iE(a). 0 PNS WL EIEFE () LA RS FE D IFEE RS PNS A HPLC 4

#r(c)

AT AT 48 (4 PNS BE S B S

=}

hFp R AR =R RiVAS 2 H RgiReRby M1 Rd (K] 1(a)).
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37°CIRASAE T % 48 h IARIEM WA : stBHIP. stGAMP. stGMMP T 586 835381k, fHgdE
AR ERTIRIE 1(b). WE 1(c)fizx, BHIP, GAMP, GMMP HiziE BB RN 2R EE. H
T IR 2 BRI TR A BB, 3543 HPLC FERE o 30 RA 5 R e, 3@ 5 -5 BH P X R 4.(BHIT, GAM,
GMM) LEXTHERR « 5 AR W) B P 06 BB 41 (stBHIP, stGAMP, stGMMP) LL#G 57~ : BHIP 2 #ER L H!
]k B R ARSI, 2 Riy Rby A1 Rd BFIIAGAR S 2 - 73%: GAMP 2 B BEX 21 Rby
SIS ERE R R RE 71, HOPARHR I R E T 84%, FETE GAMPL. 2 H#{kh Rd, (HXFHADE
T 5S: GMMP 1 SRR e /1A IR, (O 21 Ry Al Re ARG AIARHT, ~FRIAEXHR
BRET 25%.

3.2. 1EFES PNS MiERE AR

3.2.1.a BHMSH

TEBAPEXS B2, BHI 41/ B #EF 5 B (Chaol . ACE $8¥0)M%5 & % FE(Shannon $EX0)M B & T
GAM H(P < 0.01); 7ESZIGAHH, BHIP A1) 2 FEEFREURNIY 5 (Pielou_e Ta40) W% =T GAMP 4, i
GAMP A B #EmT GMMP 41(P<0.05); 55 HXTHRAALL, BHIP A, % o ZFEEIRECYHILE
TEE(P < 0.05); GAMP HHJHEHEF 5 AR NS Z 508, (HIL S M SRS 2 RV R 2% P < 0.01);
1M GMMP A% a ZFEIEFRBUINAR KA B2 (K 2).

* % * %k * * k% * %
] 1 1
* *
800 800 * k% AS *%k kX * %k %k
= % 0.8F b
5 2] JHIEN
E 600 = 600 E = 6k * %
- = @ =
e ~ | 0.6F ea S ]
= = o = -
= ] o ) 2 g
< 400 < 400 2 =9
= 0.4f ~
— 200 5 200 9z sm 2f
j:‘ O q)l 0.2F &
o < g L AL
0 = e
LSS DS IS B 00 T . e LIS
T TF S @%&0%@\“0@:;& FEF S
(b) (©) (d)

(a) Chaol ¥8%; (b) ACE #5%4(; (c) Pielou_e #a4k; (d) &¥FE % (Shannon F540). *FI/R P <0.05; **R/x P<0.01;
#xELIN P<0.001; TAMCRRNARTLREEZE R

Figure 2. Effects of culture media and PNS on the a-diversity indices of gut microbiota

2. HEFES PNS MIHEFER « SR IEREM

3.2.2. p BHEM S
R 7735 PNS JL[RIKED T 45 10 .35 ) % (PERMANOVA, P<0.001, R>=0.872), Hii il LA

71.16%[1738 (& 3). 7R IN PNS J5 i) BHIP 415 GAMP 410 HA 55 0 55 S8 S 4%, HLA% > 2, & 048 BHI
I GAM H5FREEEFR0F, N PNS S 45 I AR B, 1 H K AE GMM B3R B AR B35

3.2.3. IEEERER TR
TE117KF L, BHI. GAM. GMM J& GMMP 4 (1] B #£3 DLJEEE R [ ] (Firmicutes) N L %7, H BHI
5 GAM 1 JEBERE AR X 32 B 80%; BHIP 410 DL JS B2 | T A 4R 1 | ] (Actinobacteriota) 41
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HBT: GAMP A i T E R (K 4(a)). JRACTF T RN, SAEBENESHEXENER, F
i, BHIP 4+ XA B & (Bifidobacterium) Lachnoclostridium & 6245 I B J& (Parasutterella) W) 3 FE ¢
s GAM A XUEATE# 8 . 384T B 8 (Faecalibacterium) F1AT 5 45 [ J& (Blautia) () 3 85 ;11T GAMP
T REAT R B K& E R (K] 4(0))-

PERMANOVA & # %40 #1: R>=0.872, P<0.001

0.1
/ GAM1 “ N
- BHI|3 ‘
< o0o{ld 5
N [
= @ BHI
. - BHIP
= ® GAM
g GAMP
S -0.1 ENIM
~ © GMMP
-02
-03
-0.2 0.0 0.2 0.4

“PCoA1(58.99%)

Figure 3. PCoA of gut microbiota based on culture media and PNS supplementation

[E 3. 555 E 5 PNS SBAIEEEEAY PCoA 74

3.24. BIEEHENFEEERNSHT

LEfSe 73 #r 4 Rt —Daos 7 AR SRR A W R 1 22 2 7. W&l 5(a)fis, BHI A5 GAM
Y EARIEEER ], BHI H &I T H (Clostridiales) A= K, 11 GAM ZH U F| T B IR H
(Lachnospirales) fIER#Z /iE 5 H (Oscillospirales) ) & 4; GMM  2H 3% & S # | 1(Bacteroidota) % F T J&
HIFAT B H (Bacteroidales). 75 J&/KF L, #F—B 0t s ERbs EEH B : BHI A E EWMHERZ,
G35 Erysipelatoclostridium REFEIRE J& (Anaerostipes) R # J&(Clostridium)%5; GAM 2H | =5 2 5 £
TAHAGEIRE R 5 H B AR B B E 8 Ruminococcus) F MR E #E; GMM 4 Romboutsia
Intestinibacter 7 HA% 0 & E£H B (K 5(b))-

7NN PNS 1 BHIP 4132 2 2 i3k 1 i it K & Bl (Desulfovibrionaceae) I 2E K, 17 GAMP 41 U 35 L5 4R il
W], UHEZEEE T WEMEREE 5(2). f£E/KF L, BHIP H{UES T Lachnoclostridium, GAMP
HE 5T U &, 11 GMMP A& 4 T £ /R IR J& (Dorea)~ Fusicatenibacter %' ¥ IK B J& (Roseburia)
B2 JE (Lachnospira) 2 # J& (K 5(b)).

HE— 20 LUASAN [R5 77 25 Fh 5 0 221 5 o R R ) 2EL R 22 5, G DORE O - B HE 44 T 30 [ TR R i AT 3R 2
HE TR 5(c)), LR ESE. U0 PNS (1) BHIP 5%/ BHI AL, BHEBRERE. P HIK
J& . FEAT R JE . A0 T A IR JE . WA B & (Bacteroides) « % /R KT J& « Fusicatenibacter -
Erysipelatoclostridium~ Eubacterium_hallii_group~ Lachnospiraceae-UCG-010- Lachnospiraceae-UCG-004.
REFIRE B T BRER T 8 (Butyricicoccus) ¥ J& 55 B J& AT 32 B2 0 38 PR B R IR R . BIgR
HiE. WA HEESEENMENEEEEFE. GAMP A 5% GAM HMLL, FTHEE. AR KR
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J& IR T K BRI A B (AR = B R PRAIG, X =N R AE BHIP 35772k rp [RI AR 230 T B 35 XUBOH A
J&. A IR - B8 KR J&(Escherichia-Shigella) % 14 J& FIAR XS F ¥ 23 T+ & . GMMP 4 5% i GMM 4
ML, LEZETRAERE; PEIKEE. Erysipelotrichaceae UCG-003 PRAEFE IR H J& 55 1 Jg& A £

WETE.
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Figure 4. Composition of upper gut microbiota at the phylum (a) and genus (b) levels (Top 30)
4. [N(FE(b)7k T L ERFEE AR (Top 30)

OA’Mpa
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