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 E BH R HEFRGNIE hE (HPRL) 89 AALE . ik 524 R SD X Ao A E G BA(E R 5% M41a i
) RAFAGER A, EF S mgkg RAFRER) I HFAGET S mgkg LAFRAR,2h /G HEF 50 mgke % F
), M8 R, AR IR, EGERAEERRPEARLILE(PRL)KFES TR OB 24E, RALHEE onlEm kA
23 PRL K, 547 2 18 1 B TAL[ L35 o $ A PE(Simpson ,Chaol . Shannon 3§44 ) B % Af bAoAk 20, (11/8 KT ) 547 M4
My 5 LEfSe 973 #E4T £ A2 Ik S @ R L FH RO (38 £ T 947 £ TRt i i BB 985 55 547 ) ; 5K A Spearman 48
XM ERAFHAL 2R EF R D AR, ER 5RAFAE, D 2H3H 8K R hf PRL AT 2 F BHA&(P<0.05),
I6STRNA S M F LR B+, HHHFTEEREHPRL K A A A HG o ZHRAB 4 (P<0.05) L4 & T 5 OB,
FETTRFE L, B 5T 8 ZFHACHPRL X R 11 AR e Mt 2, B 39 S nm i e+ 5 (P<0.05); £ 5 KT
bR BT B F i 2 HPRL K A MLARINE B AT B &5 % K8 B NK3B31 405 A0 % & & #) T (P<<0.05) ., LEfSe »#74
REFHHFTEZEEHRLKAN NHERA B HBRAFHBFHR(P<0.05), EiFRBIANLZFRiMH Rt FHLERE
TREBEZ AN R ATV P ELE A RFRMER, MEABSWRT,HE LR B MAINE B ARH BT
xS v SRR AR VR LIRS ERS R B B AR M S F 254X (P<0.05). it B HF THLi@d A Y HPRL X A Mid
B (046 R E VARBLEINE & AT B & AR A & ARt F 2, 2.3 LA B s H A UBALSLIO 4L R AT B B ey AR 2 ) |
P4 K B B A A A AR R R AR PRL /K -F , A K 4% 4 HPRL 6948 A .
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Mechanisms of paeoniflorin in treating hyperprolactinemia based on gut microbiota and metabolomics

LIN Bingqi', WEI Yuanyi’, YI Yun', WANG Chunxia' (1. Dept. of Pharmacy, Nanfang Hospital, Southern
Medical University, Guangzhou 510080, China;2. Dept. of Pharmacy, Women and Children’ s Medical Center
Affiliated to Guangzhou Medical University, Guangzhou 510623, China)

ABSTRACT OBJECTIVE To investigate the mechanisms of paeoniflorin (PF) in anti-hyperprolactinemia (HPRL). METHODS
Twenty-four female SD rats were divided into blank control group (intragastric administration of 5% gum arabic solution) ,
olanzapine group (model group, intragastric administration of 5 mg/kg olanzapine suspension) , and PF group (intragastric
administration of 5 mg/kg olanzapine suspension, followed by gavaging with 50 mg/kg PF solution 2 hours later) with 8 rats in each
group. Once a day, continuously model/administer until the plasma prolactin (PRL) levels in the olanzapine group were twice as
high as those in the blank control group. PRL levels were measured. The changes in gut microbiota of rats were analyzed, including
assessments of a-diversity (Simpson, Chaol, and Shannon indexes), B-diversity, species composition analysis (at the phylum and
genus levels) , and microbiome LEfSe analysis. Fecal untargeted metabolomics technology was employed to analyze the effects of
PF on the fecal metabolomics of rats, including multivariate statistical analysis, screening of differential metabolites, and pathway
enrichment analysis. Spearman correlation analysis was performed to examine the correlations between differential microbiota and
differential fecal metabolites. RESULTS PF significantly reduced serum PRL levels of rats in olanzapine group (P<<0.05). 16S
rRNA sequencing revealed that PF improved the a-diversity and B-diversity of gut microbiota in HPRL rats (P<<0.05), restoring
them to levels similar to the blank control group. At the phylum level, PF significantly reduced the relative abundance of Firmicutes
and Desulfobacterota, while increasing the relative abundance

ABETE 5 A APH# IS H (No.82204702) s M T HY of Verrucomicrobiota in HPRL rats (all P<<0.05). At the genus
TR H (No.2025A04J5318)

* E—1EE WA DT P EZIRYT R FL R ERY
ZYHIERTSY ., E-mail: 805114257@qq.com

#EEVEE A2 A S L, BRSSO T E A 0.05). The results of LEfSe analysis revealed that PF
N IR A I PR 5 2 B2 10F 9T . E-mail : wangex@smu.edu.cn significantly enriched microbial taxa such as Actinobacteriota,

level, PF reversed the relative abundance of Desulfovibrio,

Allobaculum, and Prevotellaceae NK3B31 group, etc (all P<<
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Staphylococcales, Corynebacteriales, etc (all P<<0.05). Metabolomics analysis identified 51 differential metabolites, with key

metabolic pathways enriched in steroid hormone biosynthesis, prostate cancer, ovarian steroidogenesis, etc. Correlation analysis

showed that the relative abundance of gut microbiota such as Desulfovibrio and Aerococcus was significantly correlated with the
levels of steroid hormone metabolites such as tetrahydrocortisol and adrenosterone (P<<0.05). CONCLUSIONS PF alleviates PRL

by modulating gut microbiota structure in HPRL rats (including significantly reducing the relative abundance of Desulfovibrio,

Allobaculum and Aerococcus, as well as significantly increasing the relative abundance of Ruminococcaceae UBAI819 and

Muribaculum) , and regulating steroid hormone pathways, then exerting its anti-HPRL effect.

KEYWORDS paconiflorin; hyperprolactinemia; metabolomics; gut microbiota; prolactin; differential meta-bolites

15 Wb L 2 IMUAE (hyperprolactinemia, HPRL ) J& — Ffr
B UL P A T PR A A AR R ) PR A , T 13 Ak e
L HETRA ] A 2 2L BB AN T I R
IKF, 2 (prolactin, PRL ) 7K F->25 ng/mL & L & HPRL!",
H I, I ARIRYT HPRL B —2e 25 F 240G 2 L D2 52
& (dopamine D2 receptor, DRD2) 3 sl 7] (4N7R fee5s K
FAMOY BT ik 25% B HPRL H S X R B A7 78
LT, FBORBR ST RONME,

AT H R IR B (O30 ) , 2 8 BRI REL Y 25 44
J7 AT BT B, IR HOR 2400 B A 2 9 Bk
KT BOEIE . E NN K H %5 Insiiayr HPRL,
JP RS BIE /N AR R 5 & B, AT 2Y
TR NNRAT 245 H R v 1 B e A 804y, PT LA
475 DRD2 LASMHE £ R BRI PRL ZKF , AT DTG
P 25 1) B 5 R %9 HPRL , (H BRI i A B AR
AR IR RN, B R 8 5 HPRL AR OGN 4
WA ZE LAY & AR B UIAHOC™ s IeAh R (B ]
SR E R IF DA S HPRLY, AT 245 1 /]
PEYT B R R (O 25 A RN D BB, B WA 18 R T RE AT
25 HR Y7 HPRL BT FERE i o Tt AR BFIE R TR
i A K B HPRL B, 45 4 1 1 TR B¥ 16S rRNA
e A S O P A RN ZE (R ) AR 2 BRI 24
HIAYT HPRL AT TE 25 80L T, LAY HPRL BTG YT $i
BB R
1 ##t
L1 FEUE

AW T EZAL L FE PowerPac Basic %I HL ik
%, 100™ Thermal Cycler %134 % = 5 i (PCR )X (52
Bio-Rad /3 7l ) , Spark” 7 Z T BEME PRI (Fij -1 Tecan 2
] ), Q Exactive HF-X B it ¥ . Vanquish™ %4 = 500K
AHETE Y . Qubit 3.0 % ' & 15 /X (32 [E Thermo Fisher
Scientific A 7] ) , D3024R AL #5001 (32 [ Scilogex 72
F] ), Illumina Miseq TR 3 I AL (PN ekt B A R
HABRAFD)
12 FEHRBSKA

ATE5HF (JFURLZY , 1585 P815485, 4l Ji =98%) | H.4(
- (JFRN G, 5845 0830525, 4li i 98% ) ¥4I [ 11332 Fa bk

TEZED; 2025455 36 4 131

A AR B3 A BR 2 W) 5 K B PRL PR A 72 1% B 3 460
(ELISA )i 7 £ (485 E-EL-R3006 ) 11 [ 5 B 3 5 4
R O A BR A B s BCA 3 & Bk & (1R 5
P0010) Iy [ i35 = RA YA A B2 7] ; HiPure Soil
DNA $2BUR 7 & (155 D3143B) g [ 26 32k My Rk
F BRI 5 5% FIRAAEE (525 MB1728) 11 A i =S4
Y B AR A B2 7] 5 Tlumina DNA 2 {57 & (18 5
1357TES24) W {113 28 2 A MR A BR A w]

SPF 444 SD K FR 24 H, /& 180~200 g, Il [ 2k
T A G A YRR A R E] L AR PR ATIE S SCXK
(5)2020-0051, S50l iR % T rE 7 R 2% R 7 =
B 520 s by, IR IR E Ry 22~25 °C, AHX I EE Ry
50%~60% , WA 12 h G R/12 h BRI (B 0 JL A, 1 5)
Y1 A B FVROK , AR E SE3G s i Rk 5 o A 52
Y555 R 7 B B L0 sh W 10 B2 3 A5 IR LR L 18
FH5H IACUC-LAC-20240508-005,
2 FHik
2.1 ARAIES S

ATV T & A B PRI 2517 1.0 g, InaKoE
7% 100 mL, BI75

BACTIR B A& AE AR ECT R 100 mg
SRR AR 5 g, RHISE R IR A 5, oK &
TFEE 22 T8 B8 TR B, P /K 2 45 %8 100 mL, BIA5,
22 HAEES%H

BT AUE AT A 2GR0 T 58 45 5 L 50 mg/kg AT 2Y
Al E UGS 5 me/kg A5 HPRLY , SR A5
K50 mg/kg AT .5 mg/kg WA AT

T8 N IR IR I R 24 R BB ML R 28 P10 R4
BT (BDBCRZE ) A5, A8 ., TR SN
TR B 9:00, 45 A HRAL R BRI 15 S RF 5% BT
TS T, AT AT 2517 4K R 18 R AR B
5 mg/kg; [A]— K 47 11:00, 55 % B8 25 71 50 2H K
BT AR R BLK A 2 4 4 K RRUOE T AT 24 VA TR 50
mg/kgo 4B ALK UL PRL K- 5 125 X RRAL
2150, I HPRL A RRUBTRLA 3 e o1
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2.3 KERIM PRLKFEUE

KA ELISA VAN E o ARIRG 25 0 K U (1
JETE G G L2 ) WSO R Bkl 5 mL, & THisE
B 7E 4 °C R LA 3 000 r/min B5.0> 10 min, 4385 1.3, {
FHBEAR T 450 nm 4 A4 I 1L 5 Hf PRL K, ™ 4%
Fa BRI B d B A5 A
2.4 KRBEFRESH
2.4.1 FEACREES DNA 2

RIRAGZG)5  BENLEREE2H 6 R R, By R AR
RS BT RS T, W AR RS T —80 °C
AR . B IR AR, R H DNA B S 4 B i
P DNA , 28 2% SR LI F Uk ATl i DNA 465
2.4.2 PCRYHE SCIEAGHE K i 17

DL 4 DNA E R, 9715 16S rRNA JE[A Y V3+
V4IX, V3 FiEBIIFS R 5 -ACTCCTACGGGNGGC-
WGCAG-3' , V4 FiiE 51 ¥ ¥ 514 5'-GGACTACHVG-
GGTATCTAAT-3' . F=¥ 24tk & &5 , f H llumina
DNA i 50) GA SCPE | O 647 v 38 1 DU 43
Mo MF 43T R TN Sk B AR R A B A W) 58 A
2.4.3 UG BT

KR 4.2.3 A% 7 B 4m A T I B R o 2
FEYE B Z AR R AL (T8 AKOF ) S P 4l
LEfSe 73+#1. H, o ZH£44%: LA Simpson ,Chaol , Shannon
FEECH KM HE 5 , B 22 A SR 3 Ak 47 43 BT (principal
co-ordinates analysis, PCoA ) , P £H il LA AH X 3 JE A Ry
rmFgHR , AL P15 4387 (linear discriminant analysis,
LDA)Zv {E (LDA B8 N 2, P<0.05) i 176 4% 20 7] 22 5+
HAGE2 2 SRR
2.5 HFEFHMRRIGFAZSHT
2.5.1 FeERlE

HU“2.4.17 TR AT A 45 40K BROAY 28 B RE AR, BRI
50 mg, & T4 80% H % 300 wL i EP & v, LATR 3%
755 min J57 , 7EUK @K RTE 30 s, FREE S 6 min; T4 °C
FLA5 000 r/min B0 1 min, BUE TR E S —EPEH K
Tk s B ESR R T, LA 109% FF Isiss o i , AT
TR (RS- R IR TS A3 #T
2.5.2 iSRSk

3%+ 4 Hypersil Gold Cis (100 mmX2.1 mm, 1.9
wm) ; WA A KK .25 mmol/L Z R %% .25 mmol/L 447K
IREHW(ARFRLIL A 94:5:1) , i shH B I 2 , #EA T4
BV (0~0.5 min, 95%B; 0.5~7 min, 95%B—65%B;
7~9 min, 65%B—40%B; 9~9.1 min, 40%B—95%B;
9.1~12 min, 95%B) ; A1 A 25 °C ;i3 4 0.5 mL/min;
A2 pl,

SR FH HL I 257 B8 YRR T OE £ B 44 FRE L R
m/z 100~1 500 IF 2§ A M55 HL 5 3.2 kv, 71 251
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BT %5 H Hs o — 3.0 KV A7 U 10 40 arb; H B
W1 10 arb; BARE IR EE N 320 °C; AT s
(IR RE S
2.5.3 AR = b

WC“2.5.17 T R SR, #“2.5.27 U 2R R 43
AT, 145 B 50 18 i Compound Discoverer 3.1 3144 4f
ATk B8, IF 47 I fe /)y — e 1 - #1531 43 Bt (partial least
squares-discriminant analysis, PLS-DA ) F11F 32 {5 /)N —
e - H 551 43 B (orthogonal partial least squares discrimi-
nant analysis, OPLS-DA) , DA 78 & #% 5 5 2L (variable
importance in projection, VIP) >1 H P<<0.05 A HnifE ik
Z 5.
2.5.4 K EHEIIT

XF2.5.3" WU e 22 AR E 4T T 0 R DR R R
[K 20 %4k %2 (Kyoto Encyclopedia of Genes and Genomes,
KEGG) {38 % & 4 73 #7 , LA P<<0.05 %/ 38 i 1 3
wiE.
26 EEZRKEYEEREHMNBEXESS T

FKHI R 4.2.3 BAFXE R U7 18 2 5 TR 5 28 [ i 2
S WA T Spearman A SCHES T, 0T A B TLAE )
5 AR Z 0] AR DG 25 SR DA R S 90
2.7 GFitES

R JH SPSS 26.0 F AR B HEATSE T 0T o W AR IE
BOARTHETORL X + s 378, 241 R HLBCR T 2257
Mt , FE—25 P L R FH Tukey 355 K556 s AN 2 IE S
A ETH TR L M(Pas, Prs) 3w, Z AR HLECR HHES:
% Kruskal-Wallis H ¥ 5 , i — 25 P # H A% Fi] Mann-
Whitney Ui, #3907k #fEa=0.05,
3 &R
3.1 AJZ5E T HPRL X R M5 PRL 7K F K #50d

5525 (% B2 [(20.42 + 1.38) ng/mL] FL 8% , B T
ZH K BUIML % PRL 7K S [(53.54 +4.71) ng/mL] ‘it & T} &5
(P<<0.05) , RIAEBI NI, 5REFA LR, AT A
K BRI 3 PRL 7K SF [(24.66 +3.15) ng/mL] i 3 & ik
(P<<0.05),
3.2 ATZHEIT HPRL X REFERE BRI
3.2.1 i R Hra R

a ZREE I A R (- 1A~C) iR, A4 R B
Chaol ., Simpson , Shannon $ (¥4 . 2 = T 25 4 %) IR 41
(P<<0.05) ; A7 2511 2 K B R 48 808 1o 2 T A
41(P<0.05), PCoALFH (K 1D) iR, 525 FIXTHRAL L
B R R B i B s A oA e A T ] i A (P<<
0.05) 5 IMTAT 24 1 20 K BRI 8 B A A A BB 1) T 525 1
XFHEZH—3(P>0.05), LiREEIRFH] AT 0y T il
RS IR 52 B T B HPRL K FRUA%) 738 B A R 0, il
o ZHEVERN B Z2 R ) 25 0T R i

thEZ 2025 4E55 36 4245 134



a 1.00 a

1300 b
b = 095
;7:5%1200 . 22 0.90 .
m i=1
T [ g 085 Il
= 1100 2
8 ol ? 0.80 ol
S 1000 % 075
900 0.70
1 I I 1 I 1
215 215

A. Chaol 844 B. Simpson 54§

6.5 a 0.2{(58)
b = 8
®6.0 & s
3 a3 Wi '
g o= o o
£ 5.0 all 2
= O
©n 4.5 &~
—0.2
4.0
I I 1 —0.1 0 01 02 03

215 PCol(14.06%)
C. Shannon 5%k D. PCoA

a: 575 PN R LA, P<<0.05:b: 5ATZ5 H 40 AL, P<<0.05; 1 -

25 PN R 5 T BARCP A T AT 254 4
1 AJZ5EXHPRL X RIFERE B o B SRR
3.2.2  JHIBTEREYRNH BT HTAS R

FET K- (B 2A) |, 528 X RRA Lo s, A4
KEJEEER ] (Firmicutes) i B4 [ ] ( Desulfobacterota )
{49 A X6 = B2 34t 2 T e L TR B 1] (Verrucomicro-
biota) 9 AH X 5 B . 35 IR (P<<0.05) 5 5 AP 4L H
BT R BURREG T ] BB A 1 A% R X = 2 34 1
AR TP RO 1 B R X B 3 T (P<<0.05) o
TEJEKF-(E 2B) I, 525 PO BRA L3, BT 20 B
INE & (Desulfovibrio) 5T 1 J& (Allobaculum ) 585 1K
[C T JB NK3B31 41 (Prevotellaceae NK3B31 group) .’
BRTA & (Aerococcus ) WA XS =F B2 1 i 25 T} var , iR 1 3K
B UBA1819 2 (Ruminococcaceae UBA1819) | [ JFT
B I8 (Muribaculum ) WA X =F 8 15 5 25 A (P<<0.05) ;
5 BRRCFA A, A 2 A B N s AT R T
IR QT Ji NK3B31 4, Bk T Ja 1 A % = B 4 3% e
1, 98 18 BR R UBA 1819 41 -5 R AT B & i A v 2
JEH) 3 T (P<<0.05)
3.2.3 B RIEMEY AL LEfSe /T4 R

LDA 5341 HOJ7 B (] 3) kR, 25 O HRZH T I 25
LE AT 1] (Bacteroidota) \JE## # 44 (Verrucomicrobia-
les) FER H (Monoglobales ) % A (P<<0.05) ; A F-
ZH AT 2 AR RR R RE D] 2R AAT T 2K (Bacilli) (FLIR
FFE H (Lactobacillales) % B #f (P<<0.05) ; A7 25 7 4174
251 AT I 2 E AR Z R T] (Actinobacteriota) | 5 28 K [
H (Staphylococcales) . FtRFT i H (Corynebacteriales ) 55
B (P<0.05).
3.3 ATAHEXI HPRL XK RIEFERFAFHF I
3.3.1 MM ZITge i aR

PLS-DA 1373 I¥ (€ 4A) 7R 7R IE B 85 TR G5
R, 25 IR IR | V- 2H RN AT 265 41 22 ) 52 P KL 4F
(73 B CR s OPLS-DA 551 (I8 4B~E) 7R , 25 FH X 1

T2 2025 4F5 36 45 13 1]
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100 =7 s—
80 | l
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HRXE 2 /%
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20
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=
+

100‘. e
80 < E— —1 E
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Allobaculum

AT /%

20 W Romboutsia
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Lactobacillus

Clostridium_sensu_stricto_1

0 T T T
1 I jii}

Bkl

B. J&/KF
T 25 IR IRA s 1 BG4 T A5 2459 4
B2 AZ5EXIHPRL XRFEREETBEKTEHRNG

El  Eml mmu
‘ , |

|
imonactcr’s —————
Actinobacteria

Staphylococcales I
Corynebacteriales I
Firmicutcs |

Bacilli I
Lactobacillales |
Desulfovibrionales ]
Desulfobacterota I
Desulfovibrionia |

Peptostreptococcales_tissierellales [

Clostridiales [N
Erysipelotrichales ]
Bifidobacteriales N

RE30 e e e 75

T ——
Bacteroidota

Bacteroidia I

Bacteroidalos

Verrucomicrobiales

Burkholderiales
Peptococcales

Rhodospirillales
i | i

0 1 2 3 4 5

LDA 143 (log10)

B3 AZ5E X HPRL X RI7E R B Y AF R0

5 BRI BRI 280 R'Y=0.984,0°=0.726, &
SO 415 AT 25 4 4L B 2 80k R'Y=0.992, 0'=
0.784; 233k 200 Y ek I Bk, 1F 51 B IR SRR
(4 R AN O (EHA T B AR AR (4 0 B S B P4
1) R*=0.940, 0’=0; AT 52251 41 R°=0.970,
0°=0.080) , FWIRAI A 1 Bt oA HL 0 BE 7 R4
DA 12, vy S 0 R R R A 8 v AR T R T S
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RENEA A X AR AU A g 22 5. ARIEZ T4
TSR, L P<<0.05 HL VIP> L brifiEfii e 51 51 81
B 22 Y . 525 O IR LR, R4 3222
SR KO B B, 19 4> 22 AR I P KO 8 3 T
o 5 AT AL A, AT 3 A TR 22 AR
WKV o 22 AR an kfEdes — 1 (androstendione ) | JZ
U & R HE (trans-dehydroandrosterone) 118, 21- %%
F&-58-42 -3, 20- i (118, 21-dihydroxy-53-pregnane-

t2(11.2%)

500 000 bt
oni g R 500000
Pt re i
Ay Nww.g 1 @ NC 53: . ,
0 [ 0 s o5 I
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a1 & 50000 T
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A. PLS-DAT54}E B. 7 UM IRAL S A T4

ff) OPLS- DAM:‘E]

3,20-dione) | VU S J7 i [ (tetrahydrocortisol ) & AR ES | S
i (adrenosterone ) M I 2% i 7] % 1 2 (estrone glucuro- 05 S o0 on
nide) i) LTI P SRR 6 MURIEME AL 2 ST (Y R S
p H D2
ﬁj‘%) o ® ﬁl( —500 000 Dla-t I
3.32 2SR KEGG il H 5 4243 BT s .
KEGG i 1% & H a1 (K 6) BoR , 2255 0 025 050 075 100 —500000 0 500000
E%? E‘ i 54 Evy=] N ML o ES Aok ste- t1(19.7%) t1(19.7%)
ARIEHHT S A5 SR BIRHR Y A C. SRR AL D. BT 54525 410
roid hormone biosynthesis) ., {ij 51l i #&% (prostate cancer) . 11 200 % BRI ] OPLS-DA 145 ]
P §L25 [ B2 4 BY (ovarian steroidogenesis) J@IEAH & 00000 [T
1 % (pathways in cancer) , ¥ H 3 13 — b4l i A (hy- 05
droxy methylglutaryl coenzyme A, HMG-CoA )i JF Fi i) 2% 0 p
il 771 (HMG-CoA reductase inhibitors) , H: /1 22 AR 51 4 ® 0
X 2H% [ Pt 2 A 0 G % s i ek . R
7N, AT 2 AT EE o T4 S T R AR A S A 0 025 050 075 100
A A ; £1(19.7%)
%/ftlgjji/h— ’ Z%?%Xj‘ HPRL E/Jf}j‘j,ﬂz}zﬁ o E. %E%ﬂﬁﬁ\%ﬁéﬂ
34 EFEERREMEZEREHNEXESH ffy 200 YK B ks i 4
7 A R R PR BT i 5 1 e FIAIRAL: T BUROPAL AT 25 4
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prostate cancer .
ovarian steroidogenesis L]
pathways in cancer L]
HMG-CoA reductase inhibitors
fc epsilon RI signaling pathway
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drug metabolism-cytochrome P450
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bile secretion -
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biosynthesis of secondary metabolites L]
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WAENT

B 6 KEGGEREENSHSAEGRPEHFEI2014L)
5 T P 955 2% M R O o A R IR AR O, 5 R
SR A I e R A OG (P<<0.05) . AT &
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