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[Abstract] Objective: To analyze the effects of the modified Huluan decoction on the gut microbiota and
its possible mechanisms in rat model of polycystic ovary syndrome (PCOS). Methods: Totally 62 SD rats were
randomly assigned, with 8 in the blank group. The remaining 54 rats were administered letrozole daily via
gavage to induce PCOS. The 54 successfully modeled rats were subsequently divided into the model group,
Western medicine group, and traditional Chinese medicine (TCM) group, with 18 rats in each. The blank and

model groups received 2 mL of 0.9% NaCl solution via gavage. The Western medicine group received Diane-35
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(0339 2 mg/kg), and the TCM group received 2 mL of modified Huluan decoction (containing 1.937 5 g/mL of
crude drug) via gavage for 21 consecutive days. Fecal samples from the rat colon were collected for 16S rDNA
sequencing to analyze the diversity and abundance of the microbial community and to investigate the species
composition at the phylum, class, family, genus, and species levels. Results: The model group showed higher
fasting blood glucose than blank group (P<0.05). Compared with the model group, both the TCM group and
Western medicine group showed decreased fasting blood glucose (P<0.05). Furthermore, the TCM group showed
lower fasting blood glucose than the Western medicine group (P<0.05). Compared with the blank group, ovarian
wet weight, uterine wet weight, and liver index were significantly increased in the model group (P<0.01).
Compared with the model group, ovarian and uterine wet weights were significantly decreased in the TCM
group (P<0.01). Compared with the blank group, cholesterol (CHO), triglycerides (TG), and low—density lipoprotein
(LDL) levels increased, while high—density lipoprotein (HDL) decreased in the model group (P<0.01). Compared
with the model group, the TCM group showed decreased TG, CHO, and LDL, while increased HDL levels
(P<0.01). The TCM group was superior to the Western medicine group in increasing HDL (P<0.05). All serum
hormone levels differed significantly between the model and blank groups (P<0.01). Compared with the model
group, the TCM group showed increased FSH and E, (P<0.01), and significantly decreased LH, AMH, T, and
INS (P<0.01). Compared with the blank group, the model group rats showed multiple cystically dilated follicles
in the ovaries, markedly thinned granulosa cell layers, significant stromal hyperplasia, and no oocytes were
observed. Compared with the model group, the TCM group exhibited partial restoration of ovarian morphology,
increased layers of granulosa cells, presence of oocytes, and a reduction in cystic follicles. No significant
difference in a-diversity was found among the blank group, model group, Western medicine group, and TCM
group (P>0.05). Principal coordinate analysis (PCoA) of gut microbiota B—diversity showed that the cumulative
explanation of PCoAl and PCoA2 axes was 54.3% (PCoAl: 32.5%; PCoA2: 21.8%), which could effectively
reflect the structural differences in microbiota among the groups. The significant separation between the TCM
group and the model group confirmed the regulatory effect of the drug on the microbiota. Compared with the
blank group, the model group showed a statistically significant difference in the genus Campylobacter (P<0.05).
Compared with the model group, the TCM group showed statistically significant differences in bacterial species at
the phylum, class, genus, species, and family levels (P<0.05). Conclusion: The modified Huluan decoction can
significantly modulate gut microbiota diversity in PCOS model rats, and its mechanism is related to regulating
specific microbial communities.
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231 RFTERAITR  EFFIRIEAR E SR AR IO AN
SRR BV H AR BT, JF 8845 2H K RRRE MRS SOz Pk
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LU 5 R S5 L R R A5 A s B AR 5 7 TG A 1L
23.7 JAIEME16S DNAMT K E B N WA
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P4 6 19375mgkg  020£002 066002 278+0.14
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E R G, P<0.01; HAEA AL,V P<0.01; 5 B
AR, P<0.01,
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4 H A, 24 TG . CHOMILDLAK -4 F4AIK ( P<0.01) , T HDL
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IKFEFFE (P<0.01), LH AMH T INS7K - B (P<0.01) . 5
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PRFEE A R BOHEA o 25 2T DL s A IR 20 i, T L Sk
i )2 BB A I BT, S IR, SR R ) B A T
TR (ILE2)
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SH4L 6 12.54+0.59  62.22+1.96 19.24+1.36  1658.83+174.61 84.96+12.15  7.79+0.84
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WA G L (P<0.018P<0.05) . STU 2541 AR , LU
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(Acidaminococcaceae ) 257 B G5 L(P<0.013P<0.05 )

(WKE6.37)

Gefisl BUNAL ENZAL AL
B 5 [TkFEEBIERE
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K0 —

o —
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TR 2G4 SR A R R B iR K (2.274), P25 RN SEA 6294001 3091463 4123830 0924881  1.096 654
BT RAR(0.299) , RIATI XS G E RS TREE AR B4 63.00871 2781709  6.885353  1.025407 1263435
HEEARE . PAHSE AARANBE M E(5FHAH TiZhsH 6487540 2392369 8031962 1762118  1.406 835
HE1.875), SHEAIA RN B E 5 (HE1.578), 264 PEhH 6607902 2553837 5783713 1336611 1162285
N B HBURE S0.344 , B 7R R 2 HAT BT B AR R S A50R o I
Ah, UL 5 P2 AEPCoASS lﬂqjiﬁiﬁé}ﬁ%m%ﬁiﬁ% .
(ZHIBIFE RS 1.394 ), $27R P AP 2454 ] BESE A3 R [RIAIL i 42 i
B R 254 SRR AL B 4B S T 25 4 R N
AR (W) Hg
373 BRI g
3.73.1 [TTKF DEseq253HT, 25 AL A1 20 K BV 1 D o
FRORE X BE A i B9 M )R BE T 1] (Firmicutes ) , JoUR & SUAF 5
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\ R 4
i Y : R
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B4 KRFEEE B S PCoA 1 NMDS 4347
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3733 HKF  DEseq2#r, 25 L B AR AR 4 B B s
1 N2 B H (Clostridiales ) , H YR AT I H (Bacteroidales ) |
FFEE221A H (Exysipelotrichales ) o SR LU, 25240 K B2
FHERE H (Acidaminococcales ) . LT H (Pasteurellales)
K ¥FE H (Enterobacterales ) 25 5 ¥4 G 1 2# & L (P<0.01
T P005) - FPULL LA, Fh2GZA K EEHEER H (Pasteurellales)
IR A FBR T H (Acidaminococcales ) 25 R ¥ G it22 & X
(P<0.05). (ILIE7.%8)

100 —
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AEIE BUWEL  BEEHL

B 7 BAKFEHEBIEIKE
3.7.3.4 BTV DEseq2s T, 25 (4 BRI A X 3= B o
=R TE H (Duncaniella) , FUR AT 55 4 [C 1R (Blautia) |
IR R B (Prevotella) . SHEERIA LR, h 25 HAAT HJE
(Lactobacillus ) . 4% A& AT 14 J& (Phascolarctobacterium ) . ¥ 54 B
J& (Phocaeicola) .1 B J& 25 1 /\ B ( Clostridium_XVIIT) . 1% 3§
2N & (Fusicatenibacter) A 55 4 B J& ( Blautia ) . BUFT 9 &
(Muribaculum ) W5 15 B J& (Rodentibacter ) . 4 FF P& J& ( Parabac—
teroides ) 12 # & ( Clostridium_sensu_stricto ) 7 2 JE 1% J& ( En—
teroscipio ) . IR % T 2 1 J& ( Anaerobutyricum ) . 5% 3% I /&
(Oligella) . & /R 15 2 ] J& (Holdemania ) . 7 73 2% 19 75 45 181 )
(unclassified_Sutterellaceae ) R4 I# J& ( Anaerostipes ) KATH
J& (Longibaculum ) . FUFTF 14 J& (Bacteroides ) . 57 [G I Ja /5 2
I T g ( Escherichia_Shigella YEedsE, ZRWE S FE L (P
0.01) ; T FH IR & (Prevotella) A AR 4 J& ( Collinsella) \XB R
JE TR J& (Duncaniella) . # B335 )& (Frisingicoccus ) .2 BR T
J& (Coprococeus ) A IS —EIE I 4 (unclassified_Deltapro—
teobacteria) . IHER & (Lacrimispora ) A 532 I FLAF B (un—
classified_Lactobacillaceae ) 25 #IFT )& (Faecalibacillus ) b
B 2SR G L (P<0.05) ST 2H AL, th 22 K

s0 —|

20 —

FRIEER T8 ( Coprococeus ) A7 57 45 B & ( Blautia ) 1559 1 &
(Phocaeicola) Wi i P4 J& (Rodentibacter ) . 45 38 £H 4 8 J& (Fu—
sicatenibacter) LW, 22 F 39 G it22 8 L (P<0.01) , R &
(Anaerostipes ) JRE T B2 I & ( Anaerobutyricum ) A 53254
FFE R (unclassified_Bacteroidaceae ) 43 BEFT 1 J& ( Phascolarc—
tobacterium )  FAFF IR J& ( Bacteroides ) % B85 1 & (Enterosci-
pio) HLEL, 2R A G114 L (P<0.05) . (ULIEI8 . 9)

T
= 6o -| N e
= :
+H_
E |
Ej'r:" A

T s Mmal muzoHl zha

B8 RBAKTFHEMIEIRE

3.7.3.5 FUKT a8 P2 KA AR B B e 19 U AT
B Muribaculaceae ) . EIRE R Lachnospiraceae ) JTHE 22 B F}
(Erysipelotrichaceae ) J& B B FH Ruminococcaceae ) o SR
A, &P 25 41R 9T J5 TR A B B (Acidaminococcaceae ) U
4 B} (Bacteroidaceae ) I 3778 B B (Pasteurellaceae ) . 1Mk
R Porphyromonadaceae) R B (Clostridiaceae_1) .
HHIRAFH Prevotellaceae ) JAFTF HIF} (Enterobacteriaceae ) 25
SEA IR L (P0.01); BHEE R Coriobacteriaceae) |
RIEFFFEFH Odoribacteraceae ) 2257 A Gt L (P<0.05)
(W19 . #10)
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EEAL MURAL WGl AL

B9 RIKTEHMEIKE

x7 BHRRNKERNFEELLER

5 Clostridia  Bacteroidia Erysipelotrichia ~ Bacilli ~ Gammaproteobacteria  Deltaproteobacteria  Actinobacteria unclassified_Firmicutes ~ Other
ZHAL 40.890 59 30.754 07 17.133700  2.985 835 1.451 737 1.896 552 0.468 850 1.928 919 2.489 745
PRI 41.53535 27.67051 13751210  6.888 042 4.558 520 1362 614 0.616 253 0.834 109 2.783 390
Pizhal 38.268 71 23.782 12 12.792 880  12.558 410 4.173 203 3.062 096 1.291 811 1.253 356 2817414
24l 43.774 67 25.416 89 8.446 946 12.376 550 0.858 099 4.116 493 0.785 275 1.044 026 3.181 058

*8 FBHERRBAFHEMEELLE

M Clostridiales Bacteroidales Erysipelotrichales Lactobacillales ~ Enterobacterales Desulfovibrionales  Bifidobacteriales unclassified_Firmicutes Other
ZHA 4084540 30.754 07 17.133 700 2.544 546 1.216 511 1.760 992 0.283 938 1.928 919 3.531919
R4 4148997  27.67051 13.751 210 6.773 735 4.296 285 1.255 367 0.365 784 0.834 109 3.563 036
FiZi4l 3821869 2378212 12.792 880 12.431 470 3.907 422 2.937 883 1.128 463 1.253 356 3.547 1716
2 4372634 2541689 8.446 946 12.229 610 0.674 106 3.975 356 0.599 993 1.044 026 3.886 742
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374 LESeZFWHANT 8 LESe/ M4 #3540 8
XTI DIZERE(LDA score>3.0,P<0.05), B M6 T,
144 T AT BRI AR 2514 8 FAEA R S AL 534 23
I

BEAI2H vs2s [ H - A ZH P 1 7 17] ( Campilobacterota ,
LDA=3.20, P=0.037) 925 {lll & H (Campylobacterales, LDA=3.20,
P=0.037) .2 & 4R s = AL R 1T (Actinobacteria ) Y 32
FFE R Eggerthellaceae, LDA=3.03, P=0.025 ) . 3% &

PG 2 v iR 2« VG 2541 TP JEBE R T (Firmicutes ) I FLFT
B J& (Lactobacillus, LDA=4.66, P=0.004 ) F1 & B %7 B J& (Turi-
cibacter, LDA=4.35, P=0.037) {9 2. 3% =8 ; 2R X B 1] ( Pro—
teobacteria ) i — P A& 43 ZE 5% 4% [C R R (unclassified_Sut—
terellaceae , LDA=3.25,P=0.036) i&. 35 L ; PR 1] (Verru—
comicrobia) )3 7.2 1 J& ( Akkermansia, LDA=3.037, P=0.016)
35 b E AR P R EETA ] (Firmicutes ) A B & ( X VAL )
(Clostridium X VI, LDA=3.26, P=0.037 )7E .35 9.

22 v R AU AT - o 2540 TR R BE B ] (Firmicutes ) IO FLAT
i J& (Lactobacillus , LDA=4.76, P=0.004) . & I} fii 2% & /&
(Romboutsia, LDA=4.36, P=0.025) , #2 i J& (Clostridium sensu
stricto, LDA=4.06, P=0.004 ), [¥] L 7 & J& (Turicibacter, LDA =
4.06, P=0.037 ) F17% i /T 1 J& ( Phascolarctobacterium , LDA =
3.63, P=0.022) it 3 5 4 s AT AT ] (Bacteroidetes ) XRS5 1A &
(Duncaniella, LDA=4.79, P=0.010) . 2 & 4 ; I B 1] (Acti—
nobacteria ) 1Y B 722 & 1 J& ( Adlercreutzia, LDA=3.08, P=0.025)
BEEE.

TR 20 v JEEBE T | ] (Firmicutes ) 4 55 4% B J& (Blautia ,
LDA=4.76, P=0.010) , Al &5 22 ¥ 1% J& (Fusicatenibacter, LDA =
3.87, P=0.010) FI#R B J& X VI ( Clostridium X VI, LDA=3.26,

P=0.010) 1 32 3 5 55 s AT BT T (Bacteroidetes ) 5 5 IR I &
(Prevotella, LDA=4.76, P=0.016) , # 14T B J& ( Phocaeicola,
LDA=4.28, P=0.006) , Sl #T i J& (Muribaculum, LDA =4.20, P=
0.006) , #L#F 1 J& (Bacteroides, LDA=3.71, P=0.004 ) Fl &l 4L 4T
P4 )& (Parabacteroides , LDA=3.25, P=0.006 ) &8 % & 4 ; 5B I
I'T (Proteobacteria ) ) #f /K X B J& (Mailhella, LDA =3.22, P=
0.037) & &

T2 2l vs A 2520 - v 25 20 PR RE T (Firmicutes ) AR TR
J& (Clostridium sensu stricto, LDA=3.89, P=0.037) , I A A B
J& (Intestinimonas, LDA=3.76, P=0.037) , B2 5 /& (Oscillibacter,
LDA=3.40, P=0.025) FI & i# J& XIVa ( Clostridium_XIVa, LDA=
3.02, P=0.016) & 3 & 4& ; AT 1R T (Bacteroidetes ) i BRUFTF PR
Bl — 0 & 4 25 )8 (unclassified_Muribaculaceae , LDA =4.58 ,
P=0.037) 2 & 4 s TR R 1] (Actinobacteria ) 1% B 722 4 7 J&
(Adlercreutzia, LDA=3.13, P=0.037 ) 2 & & 4 .

VU252 AR TE 1R 1] ( Proteobacteria ) /R FG B & (Mail -
hella, LDA=3.57, P=0.037) il % &

2 LB R 2l vs 25 AL (ULIE 10A~B) P4 25 4 vs B Y
(WL 10C~D) 25 2H vs AL (LT LOE~F ) Rl 25 2 vs
PUZ52H (WL 10G~H ) Y 22 S W RFHRIR KT R 5 K B 43 A o
Horpr, VU 25 20 A 25 4 S BE BT ] (Fivmicutes ) 19 FLAT &
(Lactobacillus ) , ] B %7 14 J& ( Turicibacter ) FH 5 T AL RIZH 34
= LR, AR R X VITAL(Clostridium X VID) WU AH# F A 7 20
3E T 2R B T (Actinobacteria ) Y BT 15 ) 15 J&
(Adlercreutzia)AHEE TSR FPG 2540 35 038 B, AR TE 1
I"] (Proteobacteria ) IR /KK X 1 J& (Mailhella ) FH A T4 U 26 Al
VU5 ZH I 2 T

F9 BERRBKFEMEELLE

B9 Duncaniela Blautia  Prevoells Linostlctobaclus Romboutsia Lactohacillus Fscherichia Shigella Turicthacter Liglactobacillis Munhaculum ~ Bacteroides ~ Clostridium_sensu_stricto
BHA 79303 6099 64984 L9760 182984 0492245 1038649 1200808 036723 s 1% 0699910
BRA 0560 6661 684251 35M | 948045 0083731 401891 0963210 3006626 0014 071576 0438575
FBAA 704255 675517 30T 640018 3008 668 4461104 3630752 341879 1478641 1016 13020 0756 166
A 0469590 0504613 1498633 570120 4118748 5274266 0539736 220800 1118462 030670 0254884 1601163
B9 Phocaeiohs Roseburia Allobacuhim Bifidohacterim unclasifed_ Lachnospiraceae unclasiied_Eryspelotichacese - uncassfied Marbaculaceae unclassifed_Ruminococcaceae unclassied_Clostdiales - unelassied Desulfonbrionaceae unclssied_Fimicutes — Other
BHA 048150 0631650 0801500 0282977 11965130 1483740 1171090 9510319 6214267 1.535 060 1928919 10263430
FHAL 1951 043403 011464 036578 1424170 12330710 9575952 6269773 5381910 0822006 0834109 12569130
TAE 086474 1619188 14BI6S  LIB4R 10742180 11840 179637 1032816 3814178 13430 1253356 11294160
A 005254 030064 0305076 059993 13144740 514145 10893 000 0629854 §T04731 3348%40 L0406 1231040
R10 FARBRKPHEHNFEELE
A8 Muauleese Lichuopivuese Esipeltichacese: Ruminooecceae Latobacilacese Prvoelleese Petosteplooceaceae Eniewhctracese Desullobrionseese Batemiduese Clostidiacee_ | Bifdobactriaese uncsslied Chstidaes wclsied Fineues Ot
BHEOABK B0 MBI ST LB 68 LBEDI 1215870 ISTW L% 0T 02839% 6214267 1928919 4960902
FHA 10300 29560 BB 03660 6681 68555 1906 4296285 125500 249 0408 0367 5381910 0834109 480090
1659510 04930 NS0 DONMD  DMET0 3B 30651 39040 2958 240 03 LI 3814178 125335 464870
PAR DEBT0 WSO GM6M6 IR0 LI0TBI0 LS4 4Isnoel 06131% 49 0309 16199 05999 §T4 L 1040 4855689
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VE: A~BA A 165 P MLL(PCOSHL ) A Fe KA (5

LEfSE Analysis: M vs K

o_Campylobacterales:

©_Campylobacteria-

Enriched group
|

| I

p_Campiobacterota

{_Eggertheliaceae:

o_Eggertheliales

0 T 7 3
LDA score (log10)

LEfSE Analysis: Y vs M

s_ Lactobacilus_s__
g_Lactobacillus
s_Toricibacter_s,
g_Turicibacter

s_ Allobaculum_s__
o_Allcbaculum

unciassified_Sutierellaceae_s

Enriched group
| ¥

B

g_unclassified_Sutterellaceae
§_Akkermansia_s.
g__AKkermansia
1_Akkermansiacea
o_Verrucomicrobiales
©__Verrucomicrobiae
p_Vertucomicrobia

g_Clostridium_XVIl

's_ Clostridium_XVIll_s_

H 3
LDA score (log10)

E

LEfSE Analysis: Zvs M

s_| Duncamella s__
Duncaniella
s_| Laclobaullus s
Lactobacilius
s__undlassified_Desulfovibrionaceae_s.
g__unclassified_Desulfovibrionaceas

g_| -
s_Clostridium_sens_strico s
g_ Clostidium_sénsu_sHics
s_Turicibacter_s__

_ A
5_Phascoarclobacienum .
9_Phascolarctobacterium
gativicutes

f_ Acidaminococcaceae

s_ Adlercreutzia_s,

o_ Adlercreutzia

9|

s_Prevolella s _
g_ Prevolella
f_Prevotellaceae
1 Bacleroxdaceae
5] F’h
Phocacicdta
5_MuBaculum 5.
unnacumm

s_Fusicateniacler
a. smemhamr
s_Bacleroides_s
o_Bactercides

s__Clostridium XVIH
Clostrignm XV
s_Parabacteroides_s
Parabactercides
f__Porphyromenadaceae
s__Mailnella s
9. Mailhella

2 3
LDA score (log10)

LEfSE Analysis: Zvs Y

s__unclassified_Muribaculaceae_s__
9_unclassified_Muribaculaceae
s_Clostridium_sensu_stricto_s__
g_ Clostridium_sensu_stricto
f__Clostridiaceae_1
s__Intestinimonas_s__
g_Intestinimonas
s_Osdillbacter_s. . Y

g_ Oscilibacter . z
s_ Adiercreutzia_s__
g_Adlercreutzia
s_Clostridium_XIVa_s__
g_Clostridium_XVa

s_ Mailhella_s__

g_Maihella

2 3 5
LDA score (log10)

Enriched group
| I
B:

Enriched group

EHA, B e hmastib b xR B E

B 10 @i LESe SR GERZBEWBEB R EMENBHNESR

& 3 BRI LERSe £ F A ATAEKRB (AP RAL T2 LH(B);
AT P R RO AL, K E A WAL AT RA T £ 0 BB C~D AN 165 YA(F 24 ) H AFML(PCOS
B RGILERe £ F AR MARB(COFAALFT 5 LED) ;oA Amashitd £
RAE R E B E~F AN 65T HAHAFRERAAERGIESZ FAFIMTERE(E) R RAAL T LB(F);2Eh R
At RIAE E AR, BE MM IL AR E £ 09 AR C~H R A 165 252048 K Fe B 2 LLAF RO LERe £ 7 H B
AAAERRB(C)FEFARLF 2 X B(H) ;o &hymusib ¥ S0has £

h2'E R AR, TE & ST b P T
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BRI A5 0I5 R 2R S 1 Tl sk (e it e A5G D T e 7 o AR
NG BBRET T KM R DU RE AR s A ZAE A
SEHABTT ; St R B AR E AR L BT, B IRV, B IR
HMNEF 25 BH o 3RO A 58 2R 48 4 TR VR AT R 422 52 i i
REIAPIR R, B RS NI R G VA B B0
ek 5 ] BETE IR B T AR , SO A MR, HE I R
o TG R THE 1) ST L RS, B8R v 4 2 T e LA 1A
T EE I RE VR B 2 BRI 5T 6, 11126 5% T S5 254
REAE I SRALIA AR 12020, i T B 5 e R G DA OG,
B3 22 8 R 15 7T BE S WA T R TR 1) 2 R T RER2. 47 B
T 75 AT it 3 Ak VR Y e DB, 1 R i 1 A4 SRR B R
A EEFER RUA 25 R A, IS T B T R R
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