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Metabolic regularity of intestinal flora on alcohol extracts of Atractylodis
Rhizoma before and after stir-frying and incremental component atractyloside A
by in vitro co-incubation method

CAO Huangliang"?3, LIU Chunlian"-23, CHEN Gaoyuan' 23, YAO Ding" 23, XIAO Yangxin® 23, LIU Yanju" 23
1. College of Pharmacy, Hubei University of Chinese Medicine, Wuhan 430065, China

2. Hubei Engineering Research Center of Chinese Material Medica Processing Technology, Wuhan 430065, China

3. Hubei Shizhen Laboratory, Wuhan 430065, China

Abstract: Objective To clarify the metabolic differences of ethanol extract of Cangzhu (Atractylodis Rhizoma) and ethanol extract
of deep-fried Atractylodis Rhizoma under the action of intestinal flora, as well as the metabolic transformation rules of the key
component atractyloside A. Methods This study adopted further in vitro co-incubation method to co-incubate ethanol extract of
Atractylodis Rhizoma, ethanol extract of deep-fried Atractylodis Rhizoma, and atractylodes A, the incremental component of stir-coke,
with mouse intestinal bacterial solution. UHPLC-LTQ-Orbitrap technology was used to analyze the transformation of ethanol extract
of Atractylodis Rhizoma and ethanol extract of deep-fried Atractylodis Rhizoma after co-incubation and the metabolites of atractyloside
A were identified and analyzed. Results The peak area of 13 components of atractyloside A, 5-hydroxymethylfurfural, atractylodin,
atractylenolactam, 2-(bipheny-4-yl)acetaldehyde, diacetylatractylodinol, atractylenolide II, hymecromone, acetylatractylodinol,
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atractylenolide I, B-caryophyllene, 3B-acetoxyatractyloketone, atractylodes ketone were all decreased after co-breeding with the
intestinal flora of mice. Atractylodin, diacetylatractyloside alcohol, hymecromone, atractylon were particularly decreased in deep-fried
Atractylodis Rhizoma. The peak area of 3B-acetoxy-atractylenolide I, B-vetiverene, atractylenolide III, guaiene and 7(11)-dien-8-one
increased after co-culture of ethanol extract of Atractylodis Rhizoma and ethanol extract of deep-fried Atractylodis Rhizoma with
bacterial community, and the increase of 3B-acetoxy-atractylenolide I, guaiene and selina-4(14),7(11)-dien-8-one was particularly
obvious in deep-fried Atractylodis Rhizoma. Atractyloside A was metabolized by intestinal flora to produce new components.
According to the data analysis, four metabolites related to hydroxylation, carbonylation and acetylation were deduced. Conclusion
The intestinal flora had a transformation effect on ethanol extracts of Atractylodis Rhizoma and deep-fried Atractylodis Rhizoma, and
there were differences in the metabolic transformation degree of two components, and most components had a higher transformation
(or formation) rate in ethanol extract of deep-fried Atractylodis Rhizoma, which may be the key reason for the enhancement of intestinal
strengthening and anti-diarrhea effect of ethanol extract of deep-fried Atractylodis Rhizoma. The metabolic product identification
results of atractyloside A further verified the key role of intestinal flora in the influence of components.
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A-control group of ethanol extract of Atractylodis Rhizoma; B-experimental group of ethanol extract of Atractylodis Rhizoma; C-control groupof alcoholic

extract of deep-fried Atractylodis Rhizoma; D-experimental group of alcoholic extract of deep-fried Atractylodis Rhizoma.

Fig. 1 Total ion current (TIC) plots of positive ion pattern of co-incubation of ethanol extract of Atractylodis Rhizoma and

1 58X, EEARBRYSHEEFLAFEFNESTRALSE TR (TIC)

deep-fried Atractylodis Rhizoma with intestinal flora
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#®1 E£FREBERVSHERELFEFH UPLC-LTQ/Orbitrap-MS/MS EM g R
Table 1 Qualitative analysis of UPLC-LTQ/Orbitrap-MS/MS for co-incubation of ethanol extract of Atractylodis Rhizoma

with intestinal flora

e m P Hl kA 17% R ET AR ﬂl"mﬁﬂ% m%mﬁ”
min (mlz)  (mlz) (X107) (mlz) XA LA E%
1 1.39 CuHseO10 447.224 5 4472271 5.813 6 285,267, 249 BARE A 1083 897 490658 54.7 |
2 1.60 CeHgOs  127.0389 127.0390 0.7872 109, 81,53 5-F FE R 0 0 -
3 9.58 CisHx0: 237.1849 237.1852 1.264 8 219,201, 161, 149, 95, 81 3B-ZBAE-AARWE T 70078999 95565 866 364T
4 1215 CisHn  203.1794 203.1797 1.4765 161, 147,133,119, 95 B-A AR A 43 466 664 45195594 391
5 15.86 CisHO3 249.148 5 249.148 9 1.605 5 232,203, 189, 163, 105 HA MR 111 45926836 63372165 379f
6 16.05 Ci3HioO  183.0804 183.080 6 1.0924 168,165, 155, 141, 129, 115 BARE 71825938 52293263 27.214
7 16.84 CisHisNO 230.1539 230.154 1 0.869 0 215,202, 185, 174, 160, 124 HA B 35035320 30884383 1181
8 1732 C4HpO  197.096 1 197.096 1 0.000 0 178,167, 153, 141, 128, 115 (B A4 2B 41256409 19314053 5321
9 17.52 CrH2004 289.143 4 289.143 7 1.0375 155,117, 105 CUBEAREE 33764 134 23732578 29.71
10 19.79 CisHw0x 233.153 6 233.1542 2.573 4 215,205,197, 187, 177, 159, 151, 145 FIARKEE I 95989605 80427283 1941
11 20.83 C1oHsO3  177.054 6 177.0550 2.2592 149, 145, 89 AREER 130332740 61716572 52.61
12 21.65 CisHi203 241.0859 241.0859 0.000 0 233,213,199, 171, 143, 115 LBBER KR 88036171 34992270 60.3 4
13 22.84 CisHas  205.1951 205.1955 1.9494 177, 163, 149 gty N 6002 960 098 6902 069 788 14.9
14 23.51 CisHis02 231.1380 231.138 1 0.4326 213,203, 189, 185,175,157,105  HARNEEI 657662022 555983464 18314
15 2427 CisHu  205.1951 205.1955 1.9494 163, 149, 135, 123, 109 B-E T M 527715952 106125645 7994
16 25.08 CisH»O  219.1743 219.174 7 1.8250 201, 191, 175, 159, 145, 123,95 Felt I 1683004570 1791057851 6.4
17 26.84 CiHnOs 275.1642 275.1647 1.8171 215,197,145, 119 3B-Z Bt AL 180865415 13027602 92.8 |
18 33.67 CisHnO 217.1587 217.158 4 1.3815 199, 189, 171, 161, 143 AN 3756324 661691 82.41

7 FoR SR A T S TR N <V 7 R SRR g A I TR A R 2 .
“ 1t ” indicates an increase in peak area of components in experimental group; | ” indicates a decrease in peak area of components in experimental group,

same as table 2.

*2 EBAERYSHEEFLFER UPLC-LTQ/Orbitrap-MS/MS E M S #T45R
Table 2 Qualitative analysis of UPLC-LTQ/Orbitrap-MS/MS for co-incubation of ethanol extract of deep-fried Asractylodis

Rhizoma with intestinal flora

ye @/ e g SENE m% CHMRET AR T WETAR AR
min (miz)  (mlz) (X107 (ml2) XA SR E%

1 139 CaHs010 447.224 5 4472271 5.8136 285,267, 249 BARTFA 775 042 337752 5641

2 1.60 CsHsOs  127.0389 127.0390 0.7872 109, 81, 53 S-% PRk 28631133 24948229 12.9}

3 9.58 CisHuOy 237.1849 237.1852 1.2648 219,201, 161, 149, 95, 81 3p-LBESE-AARNEE T 52258497 81181361 553T

4 1215 CisHn  203.1794 203.1797 14765 161, 147, 133, 119, 95 - IR EN 25574152 25621044 021

5 15.86 CisHx03 249.148 5 249.148 9 1.605 5 232,203, 189, 163, 105 SR NATI 21677660 24551 001 133r

6 16.05 Ci3HiO 183.0804 183.080 6 1.0924 168, 165, 155, 141, 129, 115 BAR 56777942 22235346 608}

7 16.84 CisHiNo 230.1539 230.154 1 0.869 0 215,202, 185, 174, 160, 124 EA B 19180682 13559547 293

8 1732 CuHRO  197.096 1 197.096 1 0.0000 178, 167, 153, 141, 128, 115 2-(BRFH4-H) 2 32242823 6046677 812}

9 1752 Ci7H2004 289.143 4 289.143 7 1.0375 155,117, 105 CUBBAREE 21917999 9433806 5694

10 19.79 CisH02 233.153 6 233.154 2 2.573 4 215,205,197, 187, 177, 159, 151, 145 EHARNME 11 53864547 43522542 192}
11 20.83 CioHsOs  177.054 6 177.0550 2.2592 149, 145, 89 REELE 86600958 15223736 824}
12 21.65 CisHi205 241.0859 241.0859 0.0000 233,213, 199, 171, 143, 115 VARV 3 66649063 11907235 8214
13 22.84 CisH 2051951 205.1955 1.9494 177, 163, 149 BAARG 2169966 550 2976452911  37.21
14 23.51 CisHisO2 231.1380 231.138 1 0.4326 213,203, 189, 185, 175, 157, 105 HAMEE 1 237405703 186185426 21614
15 24.27 CisHu  205.1951 205.1955 1.9494 163, 149, 135, 123, 109 B-E 1 H 29836332 2697970 9094
16 25.08 CisH»O  219.1743 219.1747 1.8250 201, 191, 175, 159, 145, 123, 95 P o 319419673 419583697 3141
17 26.84 Ci7Hn03 275.1642 275.1647 1.8171 215,197, 145,119 3B- LA EAE AT 115068990 9831518 91.5}
18 33.67 CisHuO 217.1587 217.158 4 1.3815 199, 189, 171, 161, 143 AT 1760 579 0 1000}
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Table 3 Comparison of change rate of peak area between ethanol extract of Afractylodis Rhizoma and ethanol extract of

deep-fried Atractylodis Rhizoma co-incubated with intestinal flora

W5 min e R % il

EGEAREERY) A AREERY) b /%
1 1.39 TARE A 54.7 56.4 | +1.7
2 1.60 5-F% F L - 12.9 | +12.9
3 9.58 3B- LB AEE- R I T 36.4 55.3 t +18.9
4 12.15 B-FF MR B 3.9 0.2 t 3.7
5 15.86 SR NATIERIII 37.9 13.3 t -24.6
6 16.05 BTARE 27.2 60.8 | +33.6
7 16.84 A P Bk fi 11.8 29.3 | +17.5
8 17.32 2-(BRZEHE-4-38) L % 53.2 81.2 | +28.0
9 17.52 OB AR R 29.7 56.9 | +27.2
10 19.79 EENSJERI 19.4 19.2 | -0.2
11 20.83 RREGSER 52.6 82.4 | +29.8
12 21.65 LR R 60.3 82.1 | +21.8
13 22.84 pgell N 14.9 37.2 t +22.3
14 23.51 EENZLER 18.3 21.6 | +3.3
15 2427 B-A1 1T I 79.9 90.9 | +11.0
16 25.08 Tkt ) 6.4 31.4 t +25.0
17 26.84 3B- LB AR A 92.8 91.5 | -1.3
18 33.67 LA 82.4 100.0 | +17.6

7 FORI AR IZBO M, V7 ORI RIZRA G 7 R EERBUERTEER, -7 REERBURMTEER,

“ 1t indicates that the component increases after co-incubation, and “ | ” indicates that the component decreases after co-incubation; “+” means that the

change rate of deep-fried Atractylodis Rhizoma is higher than that of Atractylodis Rhizoma, and “—" means that the change rate of deep-fried Atractylodis

Rhizoma is lower than that of Atractylodis Rhizoma.
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Fig. 3 Derivation of relationship between atractyloside A and metabolite conversion
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Table 4 Identification of metabolites of atractyloside A by intestinal flora of mice

o tR./ R ‘ [M—H];‘ MS? W Fr W T _ m%@ AR
min HISH SEE (m/z) Xt HEZH SIZIGAH. W /%

a 1.30 C21H36010 447222 4 447.2239 285, 267 26 791 428 133 480 99.5
b 1.98 CisH2605 285.169 7 285.173 7 267 - 3515524 ot
c 4.95 C21H34011 461.208 8 461.201 7 443 502 292 521293 371
d 13.08 Ci9H3409 405.2119 405.248 8 243 124 689 1441919 1056.0 t
14.74 C23H33011 489.233 0 489.328 0 327 - 28 211 483 ot

“=7 FoRARKEHE, Ot ORI EJEZIR N, 7 FoRILEE E O R

“~ indicates that the component is not detected, “ t > indicates that the component is increased after co-incubation, and “ | ” indicates that the component

is decreased after co-incubation.
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secondary mass spectra

0 10 20 30 40 50
t/min
50 100 150 200 250 300 350 400

m/z
El8 R~ e RENBEFRER R FIELE
Fig. 8 Metabolite e extracted ion flow diagram and

secondary mass spectra
IR S PR S e i EERORZ —, W]
DATE e/ St HEL ot (0 155 100 %o o 2440 27 il o i A T PR
A SN . EEARBAES LC-MS, TSI 2 205

AR E SRR, REMIFA RS
25 A3 DR S b R AT B

H A 18 AR T 78 7 v R EAFRR N L. TR
L RARSINEDT . Hodr, ARANERI R ZVTE
WA EZ 7, BATR ST BT
A BESHERR IR TR R, M BE L s A
WRAEUS), I TE ARSI SRR AR S
¥ 5 Ji 08 T 25 AR W mT H pt ak f5 F 1 7
% RS HEMEN A /R A S T
FEH YIRS, 37 CIREXEFE, MH LC-MS.
GC-MS FFEIARA S 7 A B A W 24590 i B ] FAR
PR R RIS, A R E AR, R
PILITEE NERE A, TR GE R 2ok 3 IR
R3], PR, ARSI SR IR /N BRI Y T B R
WRANLIEE , FERER T, iR E T, 45
HAT 5.

BT A . AR ARIME B
BT ELREF T, G5 RER A EEAREERY —H K
Y FREARE, (HS BAHZRCRRA, VD —E K
FEZI M T AT BT A TR, R AR A il
Je I R s SEEG LI IE  TE E TE  BE AR
PR A RIER W 1E75 75 RO =1,
HREAR. EEARRBSRYHENEN G, TEmERMRE
BT, MBS HATE R AARR
B, AR EEIGEE R EARE A BA RS B3
JIRERY ERME, XL A SOREE R, I
P 2B R R AR -120, i B R v R oS T AR
A BZROE T 5 E WA AU SkIE . ik,
TEF N EAR . AR RS TE i s
AT RAREHE DL, AREEE R HUER, 18
F UPLC-LTQ-Orbitrap-MS AR, FHAEA LT
s BUFRERAR P A IREE , HL A o AR 6 T o
FH T H 24 B 52 2 1 DA Rk P AR B 52 2 R R R
PE, AR EAR. EEARBIEDAR N AR AR,
DR S AR S 06 1 e e B A AP JL 0 B iAW D R 72 b
WAER AR S /N B AT A b 3%
E, BERHEEFNEA. BRI T K
Iy UL R B R AR A AR . 45 15
RIS EART Ay S-FR I JMRIE . SRR 11 Mk
I EFEA AR IR 5 1R 0% & )5 AT AR T B 26 g
FAGARILEE, 1 3p-LMEEIE-FIARNEE 1, &l
ARIGF e — R 7E R S AR SR LI & 5 1
WET AU N2 = TAE TR G . N EEE LR E



* 2650 »

FED 20244E4 7 $55% H 8B Chinese Traditional and Herbal Drugs 2024 April Vol. 55 No. 8

I J5 A 25 T 1) A A 2 R 1 R 24 5000 4 1) S i o
£, R ZERRIRFTRES 2 M B B ikt
WEE . WA K.

BB T I E R RN AT A AR
A, ARYERT A 7 BN 2 G R S A SRR
WL AT I8 T AR A I 4 /T8 R
Y. S8R EoR, TR A BYA] RS 6045 i A
R . EWEAL. BUKF Bk, BB A
H A SRR R SRS, GAREF A 55
T8 P A I RY R T o e 2H e i AR B0 I A B AR
99.5%, £ S5 4 A I ARE A BIAST ) b~
e TRV R, X LRI FE XS R AL P AR I 2
REI R R A e PE R LT 74
FAART . R TR b~e 4 Flsisr ik — %
SE PREEZH 1 P S0 Rt EE X6, (B R AN
SRR A, AR G5 SR 3 DL A B Ay A
FWHE: W T ARSI A AR P IR TT x5 2 AR
VIEAT %5, XL ) RO i 7 s — D AT T
W ABETERNYID RS R R ERT A K
LY PR SR ik A . i TSN
SENMEAMEL, SR pH . FR70 AL
i B RS AARAEE 7 T AN R AT RE £ 52
B R S 2 A AR, & 2t — D ik
WIGIIE. AHIEFCIE AR SN IL 0 B R TSR S5 Ry
IR N AT TR 2% .

RlBAR AR ERARAELEZFR
SE
[1] " EZ8 [S]. —#&F. 2020: 168.

[21 PMEEAS. BRI T ZE RIS AR R 2530 5 Ry
REHETT [D]. B WL EEZ R, 2016.

[31 FRFENE, xUHi%g, PRIEFEE, 55 BARKEERTE GC 1R
PG RO ELE [0]. R B SRR %00 A, 2018, 24(2): 24-
28.

[4] BRiEEE, BREERE, BB, 5 BARMEREEARET A K
R [J]. N2 EEEZ, 2019, 30(6): 1346-
1348.

[5] LiuCL,SongCC, Wang, et al. Deep-fried Atractylodes
lancea rhizome alleviates spleen deficiency diarrhea-
induced short-chain fatty acid metabolic disorder in mice
by remodeling the intestinal flora [J]. J Ethnopharmacol,
2023, 303: 115967.

[6] Wi HETFHIERTES TLR4/NF-«B J#EEH LG ARE
A R RS /N BRI 25 KL (D], 0 b B2y
KA, 2022

(7]

(8]

(9]

[10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

AR FFRIRARIE ML /N BR 00 7 18 B REAERF 72 [D].
Kb WIE BRI, 2021.

H2EMg, TE, 2, % e WS b s o
ST [1]. AR BEZG, 2023, 18(3): 395-400.

R, BROCME, RECP, . P A5G E R BAE
R FERE (7], WL RVE RS &2 &, 2022, 32(9):
881-884.

TRIREE, ARG, ML, MEMEMBE S 2 B
MMt (1] Ak, 2023, 63(12): 4536-
4554,

TRGFUR. 45 AT )G AR R 23 25 R B Ak AR
WS FT [D]. BB bR EEZR%, 2019.

T, R, TIAME, 5. BARMGIRTE R LY
FAERFFIES [J]. B2 EEEZ, 2016, 27(1): 189-
191.

TRER. AR MY RS U A =5 (D).
b BigHEEZRA, 2019.

Xu J, Liu C L, Shi K, et al. Atractyloside-A ameliorates
spleen deficiency diarrhea by interfering with TLR4/
MyD88/NF-kB
intestinal flora homeostasis [J]. Int Immunopharmacol,
2022, 107: 108679

T, ks, BTG, kR et sk R (3],
TEBHZGRL K 22 254R, 2012, 29(2): 156-164.

XFZ -, ZH, REWH, L AR FIZ L
AP [J). FEAFZRE, 2016, 41(21): 3904-3913.
AT, TEE, TN, % PR i AR
MIBEFE [J]. e RIE R MRS 24k BARFHAEAR, 2018,
34(1): 20-23.

JAEE, o, BEENS, 5. HPLC-Q-TOF-MS/MS 7t
Pt 5 -G ACLIRAE & 4 18 W R AR = (0], 2
4R, 2022, 57(11): 3371-3377

ZEHPE, R, T8 B RN 5 AR SR U 0 AR U E A
[7]. 24, 2006, 37(7): 1001-1004.

E, WE, BB, & KRGE R LT &4
RUHEEALIT 7T [7]. H 524, 2015, 46(9): 1333-1337.
UK, ZEEE, BUUN, 2% IEEERM R R
TR TR IEE [7]. FHEZ, 2023, 54(20): 6922-
6932.

Dong G M, Yu H, Pan L B, et al. Biotransformation of

signaling activation and regulating

timosaponin BII into seven characteristic metabolites by
the gut microbiota [J]. Molecules, 2021, 26(13): 3861.

Mi Y G, Xu X Y, Hong L L, et al. Comparative
characterization of the ginsenosides from six Panax herbal
extracts and their in vitro rat gut microbial metabolites by
advanced
approaches [J]. J Agric Food Chem, 2023, 71(24): 9391-
9403.

liquid chromatography-mass spectrometry

[ FRALR]



