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n-butanol extract of Pulsatilla decoction alleviates vulvovaginal
candidiasis by inducing autophagy and inhibiting apoptosis

QIU Wei, LI Can, WU Hui, SHI Gaoxiang, WU Dagiang, WANG Tianming , WANG Changzhong"

School of Integrated Traditional Chinese and Western Medicine, Anhui University of Chinese Medicine, Hefei,
Anhui, China

Abstract: Vulvovaginal candidiasis (VVC) is a prevalent fungal infection affecting the female
reproductive tract. Although conventional therapeutic approaches for VVC are relatively well-
established, they still exhibit certain limitations. Pulsatilla decoction, a classic traditional Chinese
medicine formula, has demonstrated significant clinical efficacy in the treatment of VVC.
However, its precise mechanism of action remains incompletely elucidated. [Objective] To clarify
the therapeutic mechanism of the n-butanol extract of Pulsatilla decoction (BEPD) on VVC
through network pharmacology and animal experiments. [Methods|] A mouse model of VVC was
established and the therapeutic effect of BEPD on VVC was evaluated. Network pharmacology was
employed to screen the potential signaling pathways of BEPD on VVC. Western blotting,
immunofluorescence, immunohistochemistry, and real-time fluorescence quantitative PCR were
employed to measure the changes in autophagy, apoptosis, and related pathway proteins in the
vaginal mucosa of mice.[Results] Network pharmacology analysis identified PIK3R1 and AKT1 as
key targets of Pulsatilla decoction in exerting antifungal activity against VVC. KEGG pathway
enrichment analysis indicated that Pulsatilla decoction exerted its therapeutic effects on VVC by
regulating the PI3K-Akt signaling pathway. Animal experiments confirmed that compared with the
VVC model group, the BEPD treatment down-regulated the expression of PI3K, p-Akt, and
p-mTOR, significantly up-regulated the expression of autophagy-related proteins LC3B and ATGS,
significantly inhibited the expression of apoptosis-related proteins Bax and Cleaved-Caspase-3, and
significantly promoted the expression of anti-apoptosis-related protein Bcl-2.[Conclusion] BEPD
may promote autophagy and inhibit apoptosis of vaginal epithelial cells by inhibiting the PI3K-Akt-
mTOR signaling pathway, thereby restoring the homeostasis of the vaginal mucosal epithelial
barrier and alleviating VVC.

Keywords: n-butanol extract of Pulsatilla decoction (BEPD); vulvovaginal candidiasis (VVC);
autophagy; apoptosis; PI3K-Akt-mTOR signaling pathway
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Pt )s, PR E R, IRE R
e AT AR SRR 4R
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1.10 % H EN T 43 #7 (Western blotting,
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BCA &5 & X P U 8 1 Bt A7 e, Bl ek
AT~ b R A T - SR TR s T g 5 i FL UK (SDS-
PAGE). #5385 J5 08 11 B % #% 2 PVDF Jii I,
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W, SRIGTE 37 °Cl HH=$Hi(1:15 000)##F 2 h.
FIAH ECL KGR & S & C G A AU &

%1 RTI-qRCRETEHSIY

st T 2 R S5 ERCR 4. L GAPDH
YERNSEF, K Imaged B0F ] 15 &4
11 AT
1.11 LR EER SR M (RT-qPCR)

fifi  TRIzol M\ BHIAZHZ 4R ELE RNA, 4R
J& I % 5k B cDNA. ffi /| Hieff qPCR SYBR
Green Master Mix 7E 3% B 2¢ )1 & £ PCR Y | ik
Ak, DLH b -3 - i U (gly ceraldehyde-
3-phosphate dehydrogenase, GAPDH) Jy P £
PCR JZ WK% (20 uL): Hieff gPCR SYBR Green
Master Mix (No Rox) 10 pL, =, FlF5149
(10 pmol/L)4% 0.4 uL, DNA ##z 1 uL, ddH,O
82 uL. JTW &t 95 °CHiAEME 60 s; 58 °CiH
K 20s, 72°CHEM 20s, 3t 40 NMEFR. FIWF
G LR 1o H BRI R AR X 3 0k R e 2700 ik
G
1.12 #BSH

B HE ) SPSS 26.0 #4, Bl il wiAk

Table 1 Primers sequences used for RT-qPCR
Gene Primer direction Primer sequences (5'—3")
GAPDH-mouse Forward CATCACTGCCACCCAGAAGACTG
Reverse ATGCCAGTGAGCTTCCCGTTCAG
PI3K-mouse Forward CAAACCACCCAAGCCCACTACT
Reverse CCATCAGCAGTGTCTCGGAGTT
AKT-mouse Forward GGACTACTTGCACTCCGAGAAG
Reverse CATAGTGGCACCGTCCTTGATC
mTOR-mouse Forward AGAAGGGTCTCCAAGGACGACT
Reverse GCAGGACACAAAGGCAGCATTG
LC3B-mouse Forward GTCCTGGACAAGACCAAGTTCC
Reverse CCATTCACCAGGAGGAAGAAGG
ATGS5-mouse Forward CTTGCATCAAGTTCAGCTCTTCC
Reverse AAGTGAGCCTCAACCGCATCCT
CASP3-mouse Forward GGAGTCTGACTGGAAAGCCGAA
Reverse CTTCTGGCAAGCCATCTCCTCA
BAX-mouse Forward AGGATGCGTCCACCAAGAAGCT
Reverse TCCGTGTCCACGTCAGCAATCA
Bcl-2-mouse Forward CCTGTGGATGACTGAGTACCTG
Reverse AGCCAGGAGAAATCAAACAGAGG
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BASIEE X GO 44 H, Hia s 1855 1
At R L 106 AL 530 237 A1 Hife
% H. FEEER T ERNEURZET 10 5 BP,
CC fl MF & E4558 (K 3C). [}, KEGG i
BT HER 201 £ W N S
F B AL 4G PI3K-Akt 38 i . Kaposi P98 AH ¢
F . HPV ERYUAHOCIE B . IL-17 d@ g . C AIBEAE
il

http://journals.im.ac.cn/actamicrocn



2328

QIU Wei et al. | Acta Microbiologica Sinica, 2026, 66(5)

A

Control C
=
g
O
3 P
=}
>
n
a)
o
o
M
>
E 8 ~ Control A
7 ) odel 5
g 6L TN BEPD-L M
2 . Sz - BEPD-M =
e B m BEPD- T
24t s o Flu 2
O 3t o,
o0 2k =
1L
oL 2
1 3 7 14
t/d
D Control Model
(5]
=
=
2
G
O
=
2
H_ N . _,\) @ > !
FFF L L
SRR o
70-1 = PR T g— %
GAPDH L—-—-— 4
Claudin-1| -
GAPDH | e s oo oo o
Occludin |« —

e e e TR S

GAPDH
&2 BEPDZEMEVVC/RBBIE X EMRIE FREE

sl

Day 1 Day 3 Day 5 Day 7 Day 14
XY L”‘it : :4‘.,’ 'I;"""‘L“ S fw’: i
“ ‘V i TR \¢¥‘. 1 *

LS A0 3 T - -

w13 ook
4
= 1.0
o
505
=1
3
0.0
S 9
SR
& %%@
2.0 I
A
815 e
210 2
g &
: 0.5
0.0
N o&%Q QS\Q?Q\Q
&P @@Q’@@é
K
T 1.2 Hitht o 1.2
)]
z 1.0 # 21.0 o
o8 5 5508 i
< ]
—= 0.6 rapk g 806 Hohk
£04 e 204
202 go2
Q
FF DS PRI DS
U OO

Figure 2 BEPD alleviates vaginal inflammation and promotes mucosal barrier reconstruction in VVC mice. A:
Local vaginal signs of VVC mice; B: Fungal load in vaginal secretions; C: Morphology of C. albicans in vaginal
secretions (200x, scale bar=100 pm); D: HE staining of vaginal tissues (200x%, scale bar=100 um); E: IL-1p level;
F: TNF-a level; G: LDH level; H: WB bands; [-K: Quantification of ZO-1, Claudin-1 and Occludin in the vagina
of mice. Compared to the control group, *** P<0.001; Compared to the VVC model group, * P<0.05, * P<0.01,

### p<0.001.
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Table 2 Information on the effective components of compound Pulsatilla decoction

Mol ID Molecular name Herb
MOLO001984 3beta, 23-dihydroxy-lup-20(29)-ene-28-0-alpha-L-rhamnopyranosyl-(1-4)- Pulsatilla Chinensis (Bunge) Regel
beta-D-glucopyranosyl(1-6)-beta-D-glucopyranoside qt
MOLO001978 Aureusidin Pulsatilla Chinensis (Bunge) Regel
MOLO000358 Beta-sitosterol Pulsatilla Chinensis (Bunge) Regel
MOLO000354 Isorhamnetin Pulsatilla Chinensis (Bunge) Regel
MOLO001979 LAN Pulsatilla Chinensis (Bunge) Regel
MOL000211 Mairin Pulsatilla Chinensis (Bunge) Regel
MOLO001971 Pulchinenoside C_qt Pulsatilla Chinensis (Bunge) Regel
MOLO001973 Sitosteryl acetate Pulsatilla Chinensis (Bunge) Regel
MOLO000449 Stigmasterol Pulsatilla Chinensis (Bunge) Regel
MOLO001985 ZINC01615307 Pulsatilla Chinensis (Bunge) Regel
MOLO001987 f-sitosterol Pulsatilla Chinensis (Bunge) Regel
MOLO001454 Berberine Coptis chinensis Franch
MOLO013352 Obacunone Coptis chinensis Franch
MOLO002894 Berberrubine Coptis chinensis Franch
MOL002897 Epiberberine Coptis chinensis Franch
MOL002903 (R)-canadine Coptis chinensis Franch
MOL002904 Berlambine Coptis chinensis Franch
MOLO002907 Corchoroside A_qt Coptis chinensis Franch
MOLO000622 Magnograndiolide Coptis chinensis Franch
MOLO000762 Palmidin A Coptis chinensis Franch
MOLO000785 Palmatine Coptis chinensis Franch
MOLO000098 Quercetin Coptis chinensis Franch
MOLO001458 Coptisine Coptis chinensis Franch
MOL002668 Worenine Coptis chinensis Franch
MOL008647 Moupinamide Coptis chinensis Franch
MOLO000098 Quercetin Phellodendron chinense Schneid
MOLO000358 Beta-sitosterol Phellodendron chinense Schneid
MOLO000449 Stigmasterol Phellodendron chinense Schneid
MOL000622 Magnograndiolide Phellodendron chinense Schneid
MOL000762 Palmidin A Phellodendron chinense Schneid
MOLO000785 Palmatine Phellodendron chinense Schneid
MOLO000787 Fumarine Phellodendron chinense Schneid
MOLO000790 Isocorypalmine Phellodendron chinense Schneid
MOLO001131 Phellamurin_qt Phellodendron chinense Schneid
MOLO001454 Berberine Phellodendron chinense Schneid
MOLO001455 S-canadine Phellodendron chinense Schneid
MOL001458 Coptisine Phellodendron chinense Schneid
MOLO001771 Poriferast-5-en-3beta-ol Phellodendron chinense Schneid

(#28)
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(84 2)

Mol ID

Molecular name

Herb

MOLO002636
MOL002641
MOL002643
MOLO002644
MOL002651
MOL002652
MOLO002656
MOL002659
MOL002660
MOL002662
MOL002663
MOL002666
MOL002668
MOL002670
MOL002671
MOL002672
MOL002673
MOL002894
MOLO005438
MOL006392
MOL006401
MOL006413
MOL006422
MOLO013352
MOLO000358
MOL006709

Kihadalactone A
Phellavin_qt

Delta 7-stigmastenol
Phellopterin
Dehydrotanshinone IT A
Delta7-dehydrosophoramine
Dihydroniloticin
Kihadanin A
Niloticin
Rutaecarpine
Skimmianin
Chelerythrine
Worenine

Cavidine
Candletoxin A
Hericenone H
Hispidone
Berberrubine
Campesterol
Dihydroniloticin
Melianone
Phellochin
Thalifendine
Obacunone
Beta-sitosterol
AIDS214634

Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Phellodendron chinense Schneid
Fraxinus rhynchophylla Hance

Fraxinus rhynchophylla Hance

MOLO006710 8-(beta-D-glucopyranosyloxy)-7-hydroxy-6-methoxy-2H-1-benzopyran-2-one  Fraxinus rhynchophylla Hance
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Figure 3  Potential mechanism of BEPD in treating VVC based on network pharmacology analysis. A: Venn
diagram of “drug-disease” intersection gene targets; B: PPI network; C: GO enrichment analysis; D: KEGG

enrichment analysis.
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Figure 4 BEPD-induced activation of autophagy in vaginal epithelial cells of VVC mice. A, B:
Immunohistochemistry and quantification of LC3B in the vagina of mice (200x, scale bar=100 pm); C, D:
Immunofluorescence and quantification of ATGS in the vagina of mice (200%, scale bar=100 pm); E-G: WB
bands and quantification of LC3B I, LC3B II, and ATGS in the vagina of mice; H and I: mRNA expression of
ATGS5 and LC3B in the vagina of mice. Compared to the control group, *: P<0.05, ***: P<0.001; Compared to
the VVC model group, * P<0.05, ™ P<0.01, " P<0.001.
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Figure 5 BEPD inhibits apoptosis of vaginal epithelial cells in VVC mice. A, B: Fluorescence and
quantification of Cleaved-Caspase-3 in the vagina of mice (200%, scale bar=100 pum); C-F: WB bands and
quantification of Bax, Bcl-2, and Cleaved-Caspase-3 in the vagina of mice; G—I: mRNA expression of Bax, Bcl-2,
and Caspase-3 in the vagina of mice. Compared to the control group, ** P<0.01, *** P<(0.001; Compared to the
VVC model group, * P<0.05, # P<0.01, ** P<0.001.
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Figure 6 BEPD inhibits the activation of the PI3K/Akt/mTOR signaling pathway. A — F: WB bands and
quantification of PI3K, p-Akt, Akt, p-mTOR, and mTOR in the vagina of mice; G, H: mRNA expression of 4kt
and mTOR in the vagina of mice. Compared to the control group, ** P<0.01, *** P<(0.001; Compared to the

VVC model group, ¥ P<0.05,  P<0.01, ** P<0.001.
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