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S50, FHE AT E ] (Bacteroidota) AHXTFE (P<<0.05. 0.01), FEAKEEER ] (Firmicutes) #HXT=EE (P<0.01). £&5i¢ 4
AR AR AT eI ek SPy VIP. 1 5-HT 0T 1] ERER 1%, Sl 205, MIMRYT FC.
KB AR i DhREME(EAL; MEEERE S-ROR; PR BTG AARMNEEL AARME I EARNE
AR

FESES: R2855 NHRFRERE: A NEHS: 0253 - 2670(2025)14 - 5098 - 10

DOI: 10.7501/j.issn.0253-2670.2025.14.015

Effect and mechanism of raw Atractylodes macrocephala and fried Atractylodes
macrocephala on intestinal microbial community structure in rats with functional
constipation
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Abstract: Objective To explore the effectand mechanism of raw Atractylodes macrocephala (RAM) and fried 4. macrocephala
(FAM) on gut microbiota in functional constipation (FC) rats. Methods Male SD rats were randomly divided into control group model
group, mosapride (1.5 mg/kg) group, high-, medium-, low-dose (9, 3, 1 g/kg) groups of RAM and FAM, with eight rats in each group.
FC model was induced in rats using compound diphenoxylate, and after 14 d of drug intervention, first black stool excretion time and
fecal water content were measured. Hematoxylin-eosin (HE) staining was used to investigate pathological changes in colon tissue.
ELISA was used to detect the levels of 5-hydroxytryptamine (5-HT), substance P (SP) and vasoactive intestinal peptide (VIP) in colon
tissue. Gut microbiota of rats was analyzed through 16S rRNA gene sequencing. Results Compared with decoction of RAM, the
contents of atractylenolide I and atractylenolide II in decoction of FAM were increased, while the contents of atractylenolide III and
atractylon were decreased. Compared with model group, RAM and FAM could significantly restore key excretion parameters such as

first black stool excretion time, fecal water content and small intestine propulsion rate in rats (P < 0.05, 0.01), increase the levels of
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SP, VIP and 5-HT in colon tissue (P < 0.01), improve colonic mucosal damage, and the therapeutic effect of RAM was slightly better

than that of FAM. 16S rRNA gene sequencing results showed that RAM and FAM could alter the structure of gut microbiota, increase

the relative abundance of Bacteroidota (P < 0.05, 0.01), and decrease the relative abundance of Firmicutes (P < 0.01). Conclusion

RAM and FAM may improve intestinal inflammation by promoting the secretion of SP, VIP, 5-HT and regulating the abundance of

Bacteroidetes and Firmicutes, thereby treating FC.

Key words: Atractylodes macrocephala Koidz.; stir fried; functional constipation; intestinal flora; S-hydroxytryptamine; substance P;

vasoactive intestinal peptide; atractylenolide I; atractylenolide II; atractylenolide III; atractylon
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FC B}, AFARSAARBAG M40, SR AR
AR FC MMLEI LT Roe B 2 5, Bl
W AAT BARARAIE . PRI, ANBIFFE DL FC MR, Xf 3L
T ROIAT VRO, PAMCRAR T EIARIRTT FC BINLE], &
GEHb PN AE AR 51 AIRIAIT FC 37 8E R, N
AR R A5 BRAS FH PRSI0 5
1 MR
1.1

SPF ZffEtE SD KRR 72 X, 6 AR, A=
(200£20) g, M _F¥E B w SLES S WA BR 93 4F A F
Pt FEETHIES SYXK (#7) 2021-0012. P
K BRI FR T WL B 25 K 5 304 556 70 SPF 2 3))
iEW, FiR (23+1) C, HXHREE 65%~75%,
12h JEHEIEIR . AHIT 7ML P BE 24 K 24 K 24 s it
Y E S0 LA (LS TACUC-
20230717-09)

1.2 754

AR (IS 20220524) T EH BN E R 25k
FABRAT, ZUWL B2 K524 5B B K 55 R
B NFEHRHEY AR Atractylodes macrocephala
Koidz. ) THARZE, RIEd.

1.3 Zam5ids

XTI IR TS T (15 PS010510, J5i &40 44
N 98.5%) FAARNES 1T (L5 PS010511, i n%
7999.0%). EANE I GIt'S PS010512, JlE42>
N 98.5%) AR (5 PS013171, i/
N 98.0%) M H RS B AR AR AR B
HIZFVETE (S 2012004) T 1 5% 0N BE X 245\ A
PRAF MR LR (iS5 262103060 T H
S DRI 2 A TR A A M ETEEMAK (vasoactive
intestinal peptide, VIP). P #JJii (substance P, SP).
5-3 % (5-hydroxytryptamine, 5-HT) ELISA &l
W& (S 508 221017L01. 221017630
22101736) W H rEl CFAEMRHEARA R FF
F[FIZH DNA $2HGAA & (185 T10-100). DNA #
g et ik sfl & (525 C01-10000) T H 3L
HoaAEE YR AR A R AW s NEXTFLEX Rapid
DNA-Seq Kit (#25 NOVA-5144) I H3EE Bioo
Scientific A ] .

1.4 &%

AL104 B R°F (R 0.1 mg). XS105DU
RURE 43 AT R T CFE 0.01 mg, Fit Mettler Toledo
AFE]D; CX-200 B Enl 2 DR bl B & HI 2501
WA PR AR ; aiZk4C (3£ [E Merck-Millpore /A 7] );
RVS Mgt kA5 E . R104 BHFRELIHNL (FE[E
IKA A7]); KQ-500B U = i veasy (Rl
FAXAEA PR A ] ); HC-3018 7wk B 0L (228
BRI ZAER B R A F]D; Waters =7 Z0UF €43t
CEVUICHE SR, PDA K2S, 32 Waters A ] );
Hypersil BDS Cis &35 4 (250 mm X 4.6 mm, 5 pm).
NanoDrop2000 27 61t (32 Thermo Fisher
Scientific A ); SHZ-IIB BIJEH /KR Z FHES H
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(TR AT R A ARAFD; HAERRE 746
R —E IR PR A R A D RT-6100 AU
FrAX (3£ [E Rayto 4 7] ); Nano ABI GeneAmp® 9700
B PCR 1¢ (3£ [E Applied Biosystems 2 @] );
Quantus™ % it (32 Promega A F] ).
2 Bk
2.1 H£RBAR. WEARKBLIRAE S

WA ARK P &R, % (HEZ ) 2020 4K
— AR T #IS AR TR, fIEY AR
WhH . WAEAR, WARRAFHER, W, o 3
S, il 8 fE K, R 1h, [FASEEL 2 X,
FIR 0.5h, GFF 2 UOKAENR, B, 0%k Y0 20
HIRE AN 0.9 g/mL.
22 B8R, WEARKRRNREEH
221 REX R SE IR o AR B RO
B EARNE L. AARNE 1. AARAL DL B
M &, P & R U A 0.51.
1.22. 1.20. 1.00 mg/mL 7R & 5 HE S A i
222 AR BARKSER G &S BER
BAEAR. WEAARKIES 1.0 mL, 7358 T 10
mL &, HPRES, FENEAR. BERMEK
TN
223 f®miE%& SR Hypersil BDS Cis i 44
(250 mmX4.6 mm, 5 um), WA NLEE (A -
0.1% FEEAKER (B, BHEBEMNL: 0~5min, 10.0%
A; 5~6 min, 10.0%~50.0% A; 6~20 min, 50%
A; 20~21 min, 50.0%~62.0% A; 21~31 min,
62.0% A; 31~39 min, 62.0%~90.0% A; 39~48
min, 90.0%~10.0% A. KA 245 nm; FEFEE
10 pL; AFRE 1 mL/min; A3 35 C.
224 FEIE RMERIAEBAR. EARME R
TSR 0] B A E B, ERERIN R Y R
I. ERAEE I, EARAEE L. GRS &, ik
FIAR. M EARKFR A EZ RS B &'
2.3 &R, DARKRTE

FEIE SRR T RN 07 SR T BRI A5, BRoxt
HRAh, HARARR ig 725 RER (10
mg/kg), 1K/, EZ: 14 do HE 8 HKRAE X
MR, ig ZeARRR AR R K. RUGERS 1h, KR
ig Z5vt (10 mL/kg), TE35 K BT RL S A (1) HE H i)
] 24 h P IRHEE R BORI 384F &K &, 57 K R FC
PR RS T S o B I AL R ) PR K BB AL 23 g A Y
4. FYbHA (1.5mgke) AMAEEARE. oK

A (94 34 1g/kg, 3 A2 FIRREERGE T 1.
13, 19 %) HAEAR S . KFIE (9. 3. 1
g/kg, AL TIRRESGIER 1. 13, 1/9 %)
4, 48 K. BAZU ig HIRZ5%) (10 mL/kg),
YRR A ig AR AE B ER K, 1 kid, %
ren?y 14 d.
24 HHEXI

ST S 14, 21, 28 R4&Z5 1h G, ig
7 (10 mL/kg), Yo 24 h WRERZEE, 0 & A
TR BRI 1R S A () I R S SRR R
R, FOEFSMERFE, HEMET 60 ClEIR T
M 12h, MOERMETE, HEERESKE.

HAT 57K R = (ST P — J0 0 i) 25 P
2.5 /NERHEFHZEANE

KRRy )E, KRZEEALEK 12h, ig 891 (10
mL/kg), 0.5h Ja KEURBEARTE, FTH GRS, BUH E
2@l FREESME, HEDN R,

Nt % = S N i K
2.6 ZERAELHARR-FL (HE) FE

WS HKREMAR, AHBEKERGETZ
RHEEPREE 240, KBUKFIREE, $lA D)
R AEYIRZBESFKACE, #8147 HE 4, i
EIE, B, TR EME TSR,
2.7 ELISA KM AR LERFEL H 5-HT.SP.VIP
K

UK 2HOR BRI 2 2R, 4 R ) 5 v B ~FAar il
SR 5-HT. SP Al VIP /KF.
2.8 16S rRNA EENEF

KRG YilGE, RESHRKRISERES, LE
TIH EP &b, —80 ChA%, JFikE R4
VIR R A PR A JIEA TP A B o AR YR SR 5
[RIZH DNA FERGA &1 B AT il A P v o 2
[RIZH DNA $i$2, 18 1% Fbiee e v iR It $2
(13K 2H DNA 5 &, £ NanoDrop2000 %4435
JEREHHINE DNA R FI4EE . DLFRE DNA A
W CEFSIYFHIN 341F: 5°-CCTAYGGGRBG-
CASCAG-3’, Ni5I¥IF%104 806R: 5°-GGACTA-
CNNGGGTATCTAAT-3") %} 16S rRNA %K V3~
V4 "X #AT PCR $73%. PCR MNER: 5X
FastPfu Buffer £z 4 uL, 2.5 mmol/L dNTPs 2 pL,
514 (5 umol/L) 0.8 pL, FF514) (5 umol/L)
0.8 uL, DNA %47 0.4 uL, BSA0.2 uL, #H DNA
10ng, #ME % 20 uL. PCR ¥ 18FE/F: 95 CHiALtE
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3 min, 25 MEH (95 CAEME30s, 55 ‘CiBk 30
s, 72 CiEf 45s), #RJ5 72 CH2E LEH 10 min,
BJETE 10 CHHATRIE. BIFEARE 3 MEE.
4 H]—BEA ) PCR PR A o 5 2% i b it fie
[Y§ PCR 724, FIFH DNA %tk [l alifb a5 gk
A7 [ aiAks, 2% B g s e i v vk I, 9F
Quantus™ 2 5t vt X B Wi = Wy AT € . AT
NEXTFLEX Rapid DNA-Seq Kit %} 414k J5 ) PCR =
VAT . OHSKEERE; OfF FWLERITIE LRk
SLHIERBG OFA PCR F 34T SCEERAR K &
s @OWLERENR PCR =015 B &M . FIH

Illumina 2 7 ff] NovaSeq PE250 7~ & #E 7+
29 FitFESH
K H Graphpad Pism 9.5. Excel. SPSS 22.0 #
PR ER AT RO, THEBTRL X £ s %R, At
BORH BRI R ITZ 0, ML 255K LSD
3, J7ZAF KA Dunnett T3 47 #7 .
3 HFR
3.1 £ARPARKIEFEERTHEETL
Wk 1R, 5EBARKREEAHLE, EARK
FVRPERNEE I BORNER I 5 &5 B0,
FIAR PR IO A E (14 & 73 AR IR

®1 £B8R. WARKFBRTEERTHLIELN (X+s,n=3)
Table 1 Changes in contents of main components in decoction of raw A. macrocephala and fried A. macrocephala
(Xts,n=3)

A5 AR A EE I/(ug-mL™)

HA NS 1/(ug-mL™")

FI AR S I/(ug-mL ™) AR/ (ug-mL ™

EA=RN 0.003 8+0.000 7 0.133 640.004 4
AR 0.004 9+0.000 1 0.144 940.003 4

0.007 840.000 1
0.003 04-0.000 1

0.006 740.000 1
0.006 140.000 1

32 HBEAR. WEARX FC KR ERLEEHLATE
MFEFEEKERFNT

W 2 fon, EEE 14 K, SiHB4EE,
TERER B R R HE I (] B 3E S (P<<0.01),
PS5 /KB T PRT (P<0.05. 0.01), iR,
e B251RI7 VAR (5521 XD, SXTHRALLE,
FEETR 21 K R L S L s ) 525 1 (P<<0.01),
FAE S /KEBERK (P<0.01); HHAMHLILE,
Brib AR BRI RS, AR & 4h 252K B T p A
He ]38 B E PR (P<<0.01), FEHS/KEEE
FHE (P<<0.05. 0.01); SEPAREHEALE, 1B
EIAR SRR K R R B HE R i T B i s (<
0.01), FEMEE/KEAFKELEEZR: 54A

AR EH L, K EAR G R K R R B HE
I T A mE B 2 5, S KEA TP
RELEEES: SAEARMEGRRALE, AR
AR KR E b B AEHE A ) B e m (P<
0.01), FEMEE/KEA T E(HLEEZR. H245h
I 2 A (5528 KD, HXTIEA L, R KR
TR R HE I A R S (P<<0.01), FEESK
BEFERK (P<0.01); SHERIALE, SAHA
KRR R HE A A] 3 B BRI (P<<0.01), B
WAREREHI, HREHHHRRIEEEKE
BIEZE T (P<<0.05. 0.01); SMHREFEME AR
LR, 10 AR K BBk S 5 HE H e () 2 2 3 42
B (P<0.01), FES/KEAFRELEEESR.

#2 H£BR. AR FC KR EREFEHLNEMEESKENFE (X£s5,n=8)

Table 2 Effects of raw A. macrocephala and fried A. macrocephala on first black stool excretion time and fecal water content
inFCrats (Xts,n=28)

WE e B BRI AEHE B [8]/min FEEEKE %
HA  FE(gkg™) " ~ = o = o
914 R E BN 928 R 14K ERIBN 28 R
oyt 432.001+14.59  457.63+14.71 457.13+14.48 40.48+725 40411639 42.0249.72
it 734.25+17.33"  696.00+29.50** 699.50+24.52"  23.1945.72" 22.84+8.47" 24.61+3.09"
BYLLEA]  1.5X1073 717.25+£22.44" 612.25+15.25% 469.25+20.95%  2422+11.73" 33.57+6.25" 40.70 +6.43"
AR 9 719.38+27.99"  604.38 £20.01% 480.88+29.08%  26.471+8.52" 32.68+4.29% 34.19+3.30%
3 708.63 £29.38"  619.254-20.22" 483.88+18.22%  26.96110.24" 35.8816.36" 36.96+4.67"
1 729.00+£29.00"  570.38 4 15.60" 415.75 £7.96 24.5446.67" 36.0717.61% 48.004 6.24%
W EAR 9 721.38+£26.29" 671.63+16.1444 56225+ 14.18% A4 2759+4.82" 2848+6.40 30.65+4.66
3 722.88+19.36™ 645.88 = 17.41% 530.50=24.78#AA 23 61410.55" 33.83 £4.37%# 36.58 £5.49%

1

713.254+23.01"

632.88 +17.56"AA4

484.38+24.91##AA 22 144807 37.21+6.23* 37.2645.83"

x4 "P<<0.05

*Pp<0.01; SHMMLE: *P<0.05 #*#P<0.01; SHEFEREAARMALE: **P<0.01.

*P<0.05 **P<0.01 vs control group; *P < 0.05 #P<0.01 vs model group; “*P < 0.01 vs same dose of raw A. macrocephala group.
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33 HHEAR. WEARX FC KR /NFiEHRANEN

WK 1R, SRHEA R, BALAH KRN
HeE B RS (P<<0.01); SR E, B
FIAR ARSI, HRSG 24Nt R 0 &
FE (P<0.01); AL, EMFEGHET, EEARA
N R EE R T AARA (P<0.0D).
34 £AR. AR FC KRLEMFELRIET L
oA

WIE 2 Frow, o R K B 45 1 20 23 45 10 i
B bR S5 MIIRAT, B OB W IRHEIEE S, AR
fEE . B KRS A R Z R, MR
MWL BORID . HEPIA A, B ok B HES 3
flo B HLFIA KR MALTIEZRE, Mok
E. RHSEESS, MR EE, BT ZE 0
/B IR b G R SR A Rtk /N k. AR B R S 4
ARSI E ALK R H I - se %, R
AR AR, ke MRS, Mokl
ML .

200 pm

X

100 =
H
#o -

v A i
= T ## -
¥ 60— " = "
§ AA
B 40—

20—

U 1 1 1 1 1 I 1 1

KR B SCybeRl 9 3 1 9 3 1

AER(gkg™  BERAgkg™)

ExHB4ItE: *P<<0.05 **P<0.01; SHMAIHE: #P<0.01;
SRR A ARAE: 44P<0.01, 3. 6 H.
*P<0.05 *P<0.01vs control group; P < 0.01 vs model group; **P <

0.01 vs same dose of raw 4. macrocephala group, same as below Figs 3, 6.

1 AR, BRI FC XR/HHEZ RN

(Xxts,n=8)

Fig. 1 Effects of raw A. macrocephala and fried A.

macrocephala on intestinal propulsion rate in FC rats

(Xxts,n=8)

it ZLI LA

\ \

AEER 9gkg! HEEAR 3gkg! AEAR 1gkg!
AR 9gkg! AR 3 gkg! AR 1gkg!

Fi kRN PR VUR R .
Arrow represents thickness of colonic mucosa.
2 EBR. AR FC XKREFELFBETUHSIE  (HE, X100)
Fig. 2 Effects of raw A. macrocephala and fried A. macrocephala on pathological changes in colon tissue of FC rats
(HE, x 100)
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35 £HEAR. WEARX FC XREHELEF SP.
5-HT 1 VIP 7K F8I 50

WK 3 s, SRR, A KR
A SP. 5-HT Al VIP /KF &3 £ (P<0.05);
BRI L, B LU R ZH AN AE AR S B 2K R
Zhfp el A SPL 5-HT A1 VIP KFH R THE (P<
0.01), HraARF, (KAEHLHHLF SP KPR
ETE (P<0.01), YARPFIEHLALHHL F 5-

49 o i 159
#Hit

##

—_
(=)
1

SP/(ng-mL ")
W
1

5-HT/(ng-mL™")

HT /KPR ZETHE (P<0.01), I ARIKHIELHS
MR VIP K RZEFm (P<0.01), FEJEART
PUEdE FC KR4 i SP. VIP fil 5-HT 14>
W, HAEARERRTLEAR.

3.6 AR, WAARX FC XRIFEFEEAEN
3.6.1 #AE/JH 0 (operational taxonomic unit,
OTU) Zr#r WK 4-A Fin, %A Rank-
Abundance HHZE 1) 58 R BERECF2%, Ui BH Bl

150

#H

—_

(=3

(=}
1

##

VIP/(ng-mL™")
W
2
1

0
X A BEYb 9

IHERR B9 3 1 9 3 | IHERR B0 3 1 09 3 | 31 9 3 1
ELFI A JIEVN] R ZEAAY AR/ ELF A AR/
(gkgh (gkegh (gke™ (gke™ (gkg™h (gkg™h

E3 H£AR. AR FC KRLFHALES SP. 5-HT 1 VIP KFHIEN (X+s,n=4)
Fig.3 Effects of raw A. macrocephala and fried A. macrocephala on levels of SP, 5-HT and VIP in colon tissue of FC rats
(Xts,n=4)

A
800 PAHE
ol
700 §
YL LA
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o . WEAR 3 gkg!
WEAR 1 gkg!
2001 /)7
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0 10000 20000 30000 40 000
iZilkie
C
=« OTU1917
= OTU1881
« OTU1832
. = OTU1903
® OTU1944
% = OTU1805
i OTU2005
& = OTU1860
= = OTU1911
0OTU1833
= HoAth

1

0
WPRE ORR By 9 3 1 9

3
SN
(gkg™

ELFI EREPN]
(gkg™

B .
AR 9 gkg™!

AR 3 gkg™

WER 1gke!

N . —~1
AR 9gke -
el fm
0.3 o X
D o fHAY
0.2 o YL EUH]
o "EAR 9gkg™
3 0.1 o AR 3 gkg!
& o EAR 1 gkg!
= 0 AR 9gkg!
= e IPHAR 3 gkg!
2 ol o PHAR 1gkg™
—0.2
-0.3

-05 -03 -01 01 03
PCI1 (22.04%)

A-FRMZ; B-FBE; C-BVKFILE; D-PCoA H.

A-dilution curve; B-Venn diagram; C-community histogram; D-PCoA plot.

4 OTU &#f
Fig. 4 OTU analysis
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MIFEAR B PIFh BB, MM FHRERT
DLEL W S B 2H B B A AR 1 OTU % H ,
Kl 4-B fiiw, 9 AL R 463 A~ OTU, X
FRZMA 411 A OTU, HAYAMA 153 /> OTU,

FYP LRI 57 A OTU, A ARG EA A
68 I~ OTU, AR FFIRERLMA 90 4~ OTU, 4 H
Rl EHEMAE 81 A OTU, AR ELMA
57 A OTU, K EAARFFIELMA 75 4 OTU, B H
REFIELMA 41 A OTU. MK 4-C 7] LWL
OTU1917. OTU1881 Al OTU1860 £ A [F] £H K B B
BEh Z ROk, B4R OTU1917 % H AKX
FHARS, 29T 15 OTU1917 £ H FH . A
AR OTU1860 % H B m T HALSH, 249+
Tiif5 OTU %t H /b . #EAUZH OTU1881 xS i
HP B, &F. SAEEARTIEHENR
BA% . PCoA & — P R2y M IR 504l B 4 i U7 i
5 PCA k. FEIXHILET PCA HE TR ICEEES,

PCoA NIASZIR TR s 5. Wil 4-D fion, A
HIE R B S AR, SR AH G

A

RHIAAERR T, S A FEES A AL .
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Fig. 5 Histogram of relative abundance of microbiota at phylum (A), order (B), genus (C) levels of rats in each group and
NMDS chart at genus level (D)
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