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Bushen Huoxue prescription regulates peritoneal macrophage for treating endometriosis in mice

BI Yanli, YU Chaogin”
Department of Traditional Chinese Medicine (Gynecology), The First Affiliated Hospital of Naval Medical University (Second
Military Medical University), Shanghai 200433, China

[ Abstract ] Objective To investigate the immunological mechanism of Bushen Huoxue prescription in the treatment
of endometriosis (EM). Methods The EM mouse model was established by injecting endometrial fragments of donor mice
into the abdominal cavity of recipient mice. EM mice were randomly divided into model group, gestrinone group and Bushen
Huoxue prescription group, with 8 mice in each group. The mice in gestrinone group were intragastrically administered with
gestrinone suspension (0.325 mg/kg) twice a week, while the mice in Bushen Huoxue prescription group were intragastrically
administered with Bushen Huoxue prescription (43.68 g/kg) daily for 28 d. After treatment, the mice were sacrificed. The
growth of ectopic lesions in mice was observed by gross specimens and hematoxylin-eosin staining. The degree of abdominal
adhesion in mice was scored by Blauer adhesion scoring system. The expression of fibrotic markers in mouse lesions was
observed by immunohistochemical staining. The levels of inflammatory factors in mouse peritoneal fluid were detected by
enzyme-linked immunosorbent assay. The changes of macrophage polarization and phagocytosis were detected by flow
cytometry. Results Compared with the model group, the volume of ectopic lesions and abdominal adhesion score of EM mice
in the Bushen Huoxue prescription group and gestrinone group were significantly decreased (all P<<0.05), the degree of lesion

fibrosis was improved, the levels of tumor necrosis factor-o, transforming growth factor-f1 and interleukin-12 in peritoneal
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fluid were significantly decreased (all P<<0.05), the M2/M1 ratio of peritoneal macrophages was significantly decreased (both

P<0.01), and the phagocytic function of peritoneal macrophages had no significant change. The above indexes in the Bushen

Huoxue prescription group had no significant difference compared with those in the gestrinone group. Conclusion Bushen Huoxue

prescription can improve the immune microenvironment by regulating peritoneal macrophages for treating EM in mice.
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Fig1 H-E staining of peritoneal endometriotic lesions and differences in lesion volume and adhesion of mice in each group

A: H-E staining of normal endometrium and endometriotic lesions; B: Comparison of endometriotic lesion volume in the peritoneal

cavity among different groups; C: Scoring of peritoneal adhesion degree in different groups. "P<<0.05, "P<<0.01. n=8, x=+s. H-E:

Hematoxylin-cosin; BSHX: Bushen Huoxue prescription.
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Fig2 Immunohistochemical staining of endometriotic lesions of mice in each group

A: Immunohistochemical staining of normal endometrium in the control group; B: Immunohistochemical staining of

endometriotic lesions in the model group; C: Immunohistochemical staining of endometriotic lesions in the gestrinone group; D:

Immunohistochemical staining of endometriotic lesions in the Bushen Huoxue prescription group. a-SMA: a-smooth muscle actin;

SMMHC- II : Smooth muscle myosin heavy chain II .
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Fig3 Expression levels of inflammatory factors in peritoneal lavage fluid of mice in each group

"P<C0.05 vs control group; “P<C0.05 vs model group. n=8, x+s. IFN-y: Interferon-y; IL: Interleukin; TNF-o: Tumor necrosis

factor-o; TGF-B1: Transforming growth factor-p1; BSHX: Bushen Huoxue prescription.
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Fig4 Flow cytometric analysis of M1 and M2 macrophages in the peritoneal cavity of mice in each group

A: Flow cytometric density plots of peritoneal macrophages; B: Flow cytometric histograms of peritoneal macrophages; C:
Proportions of M1 and M2 macrophages and M2/MI1 ratio in the peritoneal cavity. ~P<<0.01. n=8, x=s. PE: Phycoerythrin; APC:

Allophycocyanin; FS: Forward scatter; Lin: Linage; BSHX: Bushen Huoxue prescription.
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Fig5 Flow cytometric analysis of phagocytosis function of peritoneal macrophages in each group of mice
A: Density plots of phagocytosis rate of peritoneal macrophages; B: Histogram of relative quantity of peritoneal macrophages;
C: Histogram of relative quantity of microspheres phagocytosed by peritoneal macrophages; D: Phagocytosis rate of peritoneal
macrophages; E: Mean fluorescence intensity of microspheres phagocytosed by peritoneal macrophages

Fluorescein isothiocyanate; PE: Phycoerythrin, BSHX: Bushen Huoxue prescription.

. "P<<0.01. n=8, x+s. FITC:

TE EMBRARZS T, MR e oh e S sl 4572
feit A, M1 BYFD M2 HY B W0 L 491 1 3 228 1k

TEE VSN A 1S AL AR D RE TP 45k HEAEH, A
5T Bo~, TGF-B Al iS5 B w40 g 1a) M2 AUFE 1k,

55 EM SRR IR U AL R CR JF ELARS R B AN B i A T . EMK
B HEHINEM IR A TTRE Rt TR IRREREEh TGF-B /KT B THE, I 4 i

M W A AT W BE T 05, 7 B AR R 1
BN IERERSAF IR AR . A, (HUR H i JC ]

M2 TUAL, BIE T I W 20 B A A W FE 0 i
S, AT R AR AN 1% 2 U

FRITIEHIE IE S 6 357 M P 1 e 4 7 e i 10
A 2B RIS AR G 0T T AN R Y B
AR EWERE S, S5 R R, S5k 2B B s
YUMIA F, 25 TL-4 1 TL-10 40 3 A W5 240 i 2 0
T e B AR ORI s 5 M R R A AR L,
M2 4 [ I 20 T AT SRR A I RE 1 . TGE-B

3 W32 240 B B AR T AR W e 7, SXT IRAH AR EE, EM AR
AU /N FRNE S W 40 M S s o O ARG . AR
P BRI 2 485 SR /R Wi it 28 EM 0348 ) 1
M1 £ 7ERAE 5 ) M2 ek, HARGE 5 W IE
JEH TGE-B1 KRBT 2 o Rk, B’ATAATE
EM AR, I 0 200 i %) e W 0 2 T 2 08 55



WAEEE RS2 2024429 H 5545 %

* 1067 -

), MG PR, EhE BB EnE, T
TGF-B1 4319 M2 B B 40 M D RE TG B, SR
PR Ay W 20 B e i P e B i, U R kR
PRI M 5 o RN I I AT AR S A
AL, i M1 R g4 i e M2 B WA IR E 43 L
¥iFbeE, HM2/MIL O R R, Mgt &7%
1BYF EM IYE .

ZE LT, ARSI /N AR P SIS T R
B L7 YR YT EM Y7 35 8 G EM OB /N U Jis
B0 M R, A BT —25 T AN I I
JrHREIT LS, S R 25597 EM BFSTE R
oS 253497 T3 EM R 0 I R S IR VA AE,
{HER T HERISCe, R R IR TR EAREEA , £Zh
O ATHETE . BENLGT RIS R I s
SEUESE . BRAN, IR B R 25 A0 B TR
TRAZ 48, B PRGIT LT, 2t ke
HEITF,

[& % x @]

[1] PEIRIS A N, CHALJUB E, MEDLOCK D.
Endometriosis[J]. JAMA, 2018, 320(24): 2608. DOI:
10.1001/jama.2018.17953.

[2] YEN C F, KIM M R, LEE C L. Epidemiologic factors
associated with endometriosis in East Asia[J]. Gynecol
Minim Invasive Ther, 2019, 8(1): 4-11. DOI: 10.4103/
GMIT.GMIT 83 18.

[3] LUNA RUSSO M A, CHALIF J N, FALCONE T.
Clinical management of endometriosis[J]. Minerva
Ginecol, 2020, 72(2): 106-118. DOI: 10.23736/S0026-
4784.20.04544-X.

[4]  VERCELLINI P, BUGGIO L, FRATTARUOLO M P, et al.
Medical treatment of endometriosis-related pain[J].
Best Pract Res Clin Obstet Gynaecol, 2018, 51: 68-91.
DOI: 10.1016/j.bpobgyn.2018.01.015.

(5] &rdfT. FENRSAEZIAER RS E% (1], 5%

FEPE R4, 2023,44(11):1-6. DOI: 10.16781/
j-CN31-2187/R.20220197.
YU C Q. Diagnosis and treatment of endometriosis:
difficulties and thinking[ﬂ. Acad J Naval Med Univ,
2023, 44(1): 1-6. DOI: 10.16781/j.CN31-2187/
R.20220197.

[6] VERCELLINI P, VIGANO P, SOMIGLIANA E, et al.
Endometriosis: pathogenesis and treatment[J]. Nat
Rev Endocrinol, 2014, 10(5): 261-275. DOI: 10.1038/
nrendo.2013.255.

[7] BULUN S E, YILMAZ B D, SISON C, et al.
Endometriosis[J]. Endocr Rev, 2019, 40(4): 1048-1079.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

DOI: 10.1210/er.2018-00242.

ABRAMIUK M, GRYWALSKA E, MALKOWSKA P,
et al. The role of the immune system in the development
of endometriosis[J]. Cells, 2022, 11(13): 2028. DOI:
10.3390/cells11132028.

CRISPIM P C A, JAMMAL M P, MURTA E F C, et al.
Endometriosis: what is the influence of immune cells?[J].
Immunol Invest, 2021, 50(4): 372-388. DOI:
10.1080/08820139.2020.1764577.

NIE M F, XIE Q, WU Y H, et al. Serum and ectopic
endometrium from women with endometriosis modulate
macrophage M1/M2 polarization via the Smad2/Smad3
pathway[]]. J Immunol Res, 2018, 2018: 6285813. DOI:
10.1155/2018/6285813.

DUAN J, LIU X, WANG H, et al. The M2a macrophage
subset may be critically involved in the fibrogenesis of
endometriosis in mice[J]. Reprod Biomed Online, 2018,
37(3): 254-268. DOI: 10.1016/j.rbmo.2018.05.017.
B, RS R ES 2R AT TR YT TR AR R AL
LT [I] T BE 24,2019, 51( 8 ):24-26. DOL:
10.3969/j.issn.1672-397X.2019.08.008.

DING J, MEI S, WANG K, et al. Curcumin modulates
oxidative stress to inhibit pyroptosis and improve the
inflammatory microenvironment to treat endometriosis[J].
Genes Dis, 2023, 11(3): 101053. DOI: 10.1016/j.gendis.
2023.06.022.

DE IACO P A, STEFANETTI M, PRESSATO D, et al.
A novel hyaluronan-based gel in laparoscopic adhesion
prevention: preclinical evaluation in an animal model[J].
Fertil Steril, 1998, 69(2): 318-323. DOI: 10.1016/s0015-
0282(98)00496-8. PMID: 9496348.

CHAPRON C, MARCELLIN L, BORGHESE B, et al.
Rethinking mechanisms, diagnosis and management of
endometriosis[J]. Nat Rev Endocrinol, 2019, 15(11):
666-682. DOI: 10.1038/s41574-019-0245-z.

MACER M L, TAYLOR H S. Endometriosis and
infertility: a review of the pathogenesis and treatment of
endometriosis-associated infertility[J]. Obstet Gynecol
Clin North Am, 2012, 39(4): 535-549. DOI: 10.1016/
j.0gc.2012.10.002.

MERESMAN G F, GOTTE M, LASCHKE M W. Plants
as source of new therapies for endometriosis: a review
of preclinical and clinical studies[J]. Hum Reprod
Update, 2021, 27(2): 367-392. DOI: 10.1093/humupd/
dmaa039.

DONG P, LING L, HU L. Systematic review and meta-
analysis of traditional Chinese medicine compound
in treating infertility caused by endometriosis[J].
Ann Palliat Med, 2021, 10(12): 12631-12642. DOI:
10.21037/apm-21-3425.

HOGG C, HORNE A W, GREAVES E. Endometriosis-



1068

R FEW 2024 4F9 A 5B 45 4%

[20]

(21]

[22]

(23]

[24]

associated macrophages: origin, phenotype, and function[J].
Front Endocrinol (Lausanne), 2020, 11: 7. DOI: 10.3389/
fendo.2020.00007.

TAYLOR H S, KOTLYAR A M, FLORES V A.
Endometriosis is a chronic systemic disease: clinical
challenges and novel innovations[J]. Lancet,
2021, 397(10276): 839-852. DOI: 10.1016/S0140-
6736(21)00389-5.

KADOMOTO S, IZUMI K, MIZOKAMI A.
Macrophage polarity and disease control[J]. Int J Mol
Sci, 2021, 23(1): 144. DOI: 10.3390/ijms23010144.
SHAPOURI-MOGHADDAM A, MOHAMMADIAN S,
VAZINI H, et al. Macrophage plasticity, polarization,
and function in health and disease[J]. J Cell Physiol,
2018, 233(9): 6425-6440. DOI: 10.1002/jcp.26429.
RAMIREZ-PAVEZ T N, MARTINEZ-ESPARZA M,
RUIZ-ALCARAZ A J, et al. The role of peritoneal
macrophages in endometriosis[J]. Int J Mol Sci, 2021,
22(19): 10792. DOI: 10.3390/ijms221910792.

WANG Y, FU Y, XUE S, et al. The M2 polarization of
macrophage induced by fractalkine in the endometriotic
milieu enhances invasiveness of endometrial stromal
cells[J]. Int J Clin Exp Pathol, 2013, 7(1): 194-203.

[25]

[26]

[27]

(28]

[29]

LIUY Y, LIU Y K, HU W T, et al. Elevated heme
impairs macrophage phagocytosis in endometriosis[J].
Reproduction, 2019, 158(3): 257-266. DOI: 10.1530/
REP-19-0028.
KAPELLOS T S, TAYLOR L, LEE H, et al. A novel
real time imaging platform to quantify macrophage
phagocytosis[J]. Biochem Pharmacol, 2016, 116: 107-
119. DOI: 10.1016/j.bcp.2016.07.011.
YANG J, YIN S, BI F, et al. TIMAP repression by
TGFp and HDAC3-associated Smad signaling regulates
macrophage M2 phenotypic phagocytosis[J]. ] Mol Med
(Berl), 2017, 95(3): 273-285. DOI: 10.1007/s00109-
016-1479-z.
FUCHS A K, SYROVETS T, HAAS K A, et al.
Carboxyl- and amino-functionalized polystyrene
nanoparticles differentially affect the polarization
profile of M1 and M2 macrophage subsets[J].
Biomaterials, 2016, 85: 78-87. DOI: 10.1016/
j.biomaterials.2016.01.064.
BN AN T 07 VR S A I B N
JRE S AE E R A RIS BT (D], b . bifgrp
Z4RA,2020.

[(AxHE] I A



