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Three or more consecutive spontaneous pregnancy losses are the hallmark of recurrent spontaneous 
abortion (RSA) as a complex challenge in reproductive health, requiring a comprehensive understanding of 
contributing factors.  Since balanced immune responses are essential for a successful pregnancy.  Disruptions 
in immune responses may be the cause of unfavorable pregnancy outcomes like RSA.  Of Note, Following 
RSA, immunopathological assessment of the placental implantation site markedly showed decidual 
inflammation, leading to hypothesize that RSA is a pregnancy disorder with an inflammatory etiology.  Thus, 
an in-depth knowledge of how immune cells contribute to inflammation, may lead to the discovery of the novel 
therapeutic approaches for the prevention and/or treatment of RSA.  Numerous studies have investigated the 
relationships between RSA and different immune cells, including B cells, T cells, decidual dendritic cells, and 
macrophages.  Macrophages are present at the fetomaternal interface throughout pregnancy, and they are 
beneficial to the processes of embryonic development, placental formation, embryo implantation, and delivery.  
Macrophages classified as typically activated (M1, with the inflammatory role), or alternatively activated (M2, 
characterized by the anti-inflammatory role).  Plants have a rich supply of strong bioactive components that 
can polarize macrophages toward an M1 pro-inflammatory state or an M2 anti-inflammatory phenotype.  This 
review focuses on the potential role of derived plant-natural components in influencing macrophage 
polarization resulting in the management treatment of RSA.
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Introduction 
Recurrent spontaneous abortion (RSA), is character-

ized by three or more consecutive spontaneous pregnancy 
losses (Li et al. 2021a).  Appropriate immune responses are 
necessary for a successful pregnancy, therefore, adverse 
pregnancy outcomes like RSA may be caused by disrup-
tions in immune responses.  The relationship between RSA 
and impaired function of different immune cells, such as B 
cells, T cells, decidual dendritic cells, and macrophages has 

been discovered (Li et al. 2021a).  
The development of an immunotolerant milieu at the 

maternal-fetal interface is facilitated by a multitude of intri-
cate interactions and the balance between different immune 
cell types (Lee et al. 2012).  RSA may cause by deregulated 
T cell subtype function and imbalanced immune responses 
(Wang et al. 2020), and this is typically linked to differ-
ences in T cell expression profile (Abdolmohammadi Vahid 
et al. 2019).  Regulatory T cells (Tregs) have important 
functions in self-tolerance, allograft tolerance, and the 
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establishment of immune tolerance at the maternal-fetal 
interface (Care et al. 2018; Mohammadi et al. 2021), and a 
decrease in the number of T cells may result in unfavorable 
pregnancy outcomes (Care et al. 2018).  The mechanisms 
by which Tregs contribute to RSA primarily involve an 
imbalance in the Th17/Treg cell paradigm.  So, the immune 
imbalance of Th17 and Tregs may play an essential role in 
RSA (Li et al. 2021b).  Th17 cells secreting IL-17A known 
as the pro inflammatory cells that may have a part in the 
pathogenesis of RSA (Wang et al. 2010a).  Treg cells in 
healthy controls inhibited IL-17 secretion through cell-to-
cell contact, and this regulation was disturbed in the cases 
of unexplained RSA (Wang et al. 2010b).

As a subset of innate immune cells, macrophages may 
contribute to a crucial role in a successful pregnancy.  These 
cells exhibit remarkable plasticity in reaction to diverse 
environmental conditions and control a range of reproduc-
tive processes, such as implantation, placentation, fetal 
development, parturition, and vascular remodeling at the 
maternal-fetal interface (Sheng et al. 2019; Motavaselian et 
al. 2022; Zhao et al. 2022; Shamabadi et al. 2024).  The 
concept that RSA is a pregnancy disorder with an inflam-
matory etiology was proposed after immunopathological 
evaluation of the placental implantation site frequently 
revealed decidual inflammation following RSA.  Notably, 
women with RSA have lower M2 polarization, whereas 
decidual macrophages polarize toward M1 (Sheng et al. 
2019; Zhao et al. 2022).

There are two types of macrophages normally, acti-
vated (M1) and alternatively activated (M2) macrophages 
(Patel et al. 2017; Shapouri‐Moghaddam et al. 2018; Yunna 
et al. 2020; Abdollahi et al. 2023).  Enhanced antigen pre-
sentation, predominate pro-inflammatory reactions, and tis-
sue damage are characteristics of M1 macrophages (Patel et 
al. 2017; Shapouri‐Moghaddam et al. 2018; Yunna et al. 
2020; Abdollahi et al. 2023).  M2 cells, on the other hand, 
are involved in the control of the anti-inflammatory features 
and promote tissue remodeling and repair (Patel et al. 2017; 
Shapouri‐Moghaddam et al. 2018; Yunna et al. 2020; 
Abdollahi et al. 2023).  “Macrophage polarization” is the 
process by which macrophages acquire distinct functional 
phenotypes in response to certain signals and stimuli from 
their environment (Patel et al. 2017; Shapouri‐Moghaddam 
et al. 2018; Yunna et al. 2020; Abdollahi et al. 2023).  It 
was found that M1 macrophage released pro-inflammatory 
cytokines like TNF-α and IL-1 which leads to an exces-
sively pro-inflammatory reactions at the fetomaternal inter-
face and, consequently occurrence of RSA (Zhang et al. 
2019).  Therefore, therapeutic approaches that specifically 
focus on polarization to the M2 phenotype might be useful 
in RSA prevention or treatment (Zhao et al. 2022).

Natural components derived from plants have drawn 
interest as possible therapeutic agents because of their inex-
pensive cost of production, and capacity to target cellular 
processes associated with macrophage plasticity (Okoye et 
al. 2014; Khan and Ahmad 2019; van Wyk and Prinsloo 

2020; Aware et al. 2022; Sultan et al. 2022; Saadi et al. 
2023).  These components have been demonstrated to 
impact M1/M2 macrophages through changing the expres-
sion of inflammatory markers, as well as cellular and 
molecular targets related to macrophage polarization 
(Okoye et al. 2014; Khan and Ahmad 2019; van Wyk and 
Prinsloo 2020; Aware et al. 2022; Khalafi-Nezhad et al. 
2022, Iravani et al. 2023).  This review explores the thera-
peutic potential role of natural components to affect M1 and 
M2 macrophages in prevention or treatment of RSA.

Macrophages Subsets 
Macrophages categorized as alternately (M2) or nor-

mally (M1) active.  There are four types of M2 macro-
phages: M2a, M2b, M2c, and M2d (Lee and Choi 2018).  
These macrophages differ in their biological roles, secretory 
cytokines, and cell surface markers (Atri et al. 2018; Lee 
and Choi 2018).

M1/M2 polarity arises from arginine metabolism by 
two pathways: M1-like macrophages are generated by the 
iNOS pathway, which generates citrulline and NO from 
arginine, whereas M2-like macrophages are generated by 
the arginase pathway, which produces ornithine and urea 
from arginine (Viola et al. 2019).  Macrophages turned 
polarized toward M1 macrophages after their activation by 
lipopolysaccharide (LPS) and Th1 cytokines (such as IFN-
γ, and TNF-α) (Orecchioni et al. 2019).  

As mentioned, there are various subtypes of M2 mac-
rophages, including as M2a, M2b, M2c, and M2d.  It was 
shown that activating M2a macrophages with IL-13 or IL-4 
enhanced the production of IL-10, TGF-β, CCL22, and 
CCL18.  These macrophages may increase endocytic activ-
ity, promote cell proliferation, and tissue healing.  Pro-
inflammatory and anti-inflammatory cytokines such as IL-6, 
TNF-α, IL-1, and IL-10 could activate M2b macrophages.  
M2b macrophages regulate immunological and inflamma-
tory responses through the expression of multiple cytokines 
and chemokines (Wang et al. 2019).  M2c macrophages are 
additionally induced by glucocorticoids, TGF-β, and IL-10.  
TLR antagonists activate M2d macrophages.  These cells 
release IL-10 and vascular endothelial growth factors 
(VEGF), which promote angiogenesis and tumor progres-
sion (Xu et al. 2006; Zizzo et al. 2012).

M1 and M2 macrophages: roles in a physiological pregnancy
During pregnancy, macrophages constitute generally 

20-30% of all human decidual leukocytes.  A study classi-
fied decidual as M1 or M2 based on the resemblance of 
responses of Th1/Th2 cells (Mills et al. 2000).  In another 
study decidual macrophages determined as CD11+high or 
CD11+low.  CD11+high decidual macrophages are shown to 
involve in the metabolism of lipids and inflammatory reac-
tions, CD11+ low decidual macrophages, on the other hand, 
were found to contribute to matrix production, growth of 
tissues, and the muscle control (Houser et al. 2011).  

Decidual macrophage polarization may change with 
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gestational age.  Macrophage chemoattractant CCL2 (MCP-
1) was induced by the a2V (a2 isoform of V-ATPase) and 
this contributed to attract M1-like macrophages during the 
pre-implantation phase (Jaiswal et al. 2012).  Decidual 
macrophages shift into mixed M1/M2 profiles when tropho-
blasts adhere to the endometrial wall and infiltrate the uter-
ine stroma.  Decidual macrophages change to a phenotype 
that is primarily M2 after placental development is finished, 
protecting fetal growth until parturition and enhancing 
maternal immunological tolerance to semiallogenic infants 
(Svensson et al. 2011).  The uterine vasculature must be 
extensively remodeled by these macrophages in order to 
provide enough placental-fetal blood (Mor et al. 2011; 
Jaiswal et al. 2012; Al-Obaidi et al. 2022; Al-Rashedi et al. 
2022a).  Decidual macrophages expressed M2 markers like 
CD163, CD206, and DC-sign (Kämmerer et al. 2003; 
Laskarin et al. 2005).

M1 macrophages could be crucial in the initiation of 
term labor.  These cells expressed CD80, CD86, CD83, 
HLA-DR, and CD16 and produced more IL-12 and less 
IL-10 and TGF-β (Xu et al. 2016).  It was found that ele-
vated quantities of circulating cell-free fetal DNA stimulate 
mother macrophages’ TLR9, activating the innate immune 
system and producing a variety of inflammatory cytokines 
that ultimately lead to parturition (Phillippe 2014).

Mechanisms of actions of macrophages during a physiological 
pregnancy

Macrophages are beneficial to the processes of embry-
onic development, placental formation, embryo implanta-
tion, and delivery.  The female uterus establishes a milieu 
for embryo growth during every stage of pregnancy by 
phagocytosing apoptotic cells, modifying spiral arteries, 
increasing trophoblast cell invasion, and producing a vari-
ety of cytokines (Nagamatsu and Schust 2010; Care et al. 
2013; Co et al. 2013; Erlebacher 2013; Al-Rashedi et al. 
2022b,c; Majhol et al. 2022).  

During a healthy pregnancy, spiral artery remodeling 
of the decidua, and angiogenesis are crucial for maintaining 
adequate flow of blood to placenta, and the placenta.  
According to a prior study (Hazan et al. 2010), macro-
phages play a role in the early phases of the remodeling 
process of the decidual spiral artery, thus promoting embryo 
implantation, trophoblast invasion, and vascular remodel-
ing, in addition to removing apoptotic cells and cellular 
debris (Tang et al. 2013; Ning et al. 2016).  According to 
reports, vascular endothelial growth factor (VEGF), decid-
ual macrophages secrete placental growth factor (PlGF), 
and their receptors, fms-like tyrosine kinase (Flt-1) to con-
trol vascular remodeling (Clark et al. 1998).  During the 
embryo implantation window, the expression of VEGF and 
iNOS in the endometrium of pregnant mice was signifi-
cantly higher than that of pseudo pregnant mice (Tan et al. 
2014).  It was found that the percentage of macrophages in 
the endometrium was associated with iNOS and VEGF 
expression levels, showing that macrophages may have a 

role in vascular bed development prior to implantation by 
regulating iNOS and VEGF expression (Tan et al. 2014).  
The VEGF antagonist soluble fms-like tyrosine kinase-1 
(sFlt-1) suppresses angiogenesis (Lockwood et al. 2011).  

An in vivo study of C57BL/6 J mice demonstrated that 
the M2 macrophage phenotype had more angiogenic capac-
ity than other macrophage subsets (Jetten et al. 2014).  In a 
number of cells, activation of Protein Kinase C (PKC) is 
essential for enhanced VEGF production (Hoshi et al. 2002; 
Jetten et al. 2014; Hjazi 2023; Mayet et al. 2024).  
GF109203X (a general PKC inhibitor) significantly reduced 
LPS-induced sFlt-1 secretion while significantly enhancing 
LPS-induced VEGF secretion in the murine macrophage 
RAW264.7 cell line (Lee et al. 2008).  

TGF-β1 production by decidual macrophages has been 
shown to prevent NK cell-mediated lysis of human cytotro-
phoblasts (CTB) (Co et al. 2013).  IL-1, which is secreted 
by active macrophages, destroys the extracellular matrix.  
The enzymatic activity of matrix metalloproteinase 
(MMP-2 and MMP-29 in trophoblastic cells has been dem-
onstrated to be favorably associated with the quantity of 
IL-1(Fontana et al. 2010; Sharma et al. 2016).  ILT2 and 
ILT4 are inhibitory receptors for immunoglobulin-like tran-
scription factors that can bind to HLA-G, that is abundantly 
expressed in extravillous trophoblast cells (EVT) (Petroff et 
al. 2002).  In order to encourage trophoblast invasion and 
spiral artery remodeling and to preserve a balanced envi-
ronment at the maternal-fetal interface, macrophages 
phagocytize apoptotic cells in pregnancy (Straszewski-
Chavez et al. 2005; Jena et al. 2019).  

Macrophages and pathological pregnancy 
Macrophages were found to have a role in the patho-

logical pregnancies including Gestational diabetes, pre-
eclampsia, intrauterine growth restriction (IUGR), and 
spontaneous abortion (Huang et al. 2008; Ariza et al. 2009; 
Guenther et al. 2012; Sisino et al. 2013; Tang et al. 2013).    

Hyperglycemia in gestational diabetes can shift decid-
ual macrophages toward M1 activation (Sisino et al. 2013).  
Decidual macrophages isolated from diabetic women dis-
played characteristics that could be attributed to either M1 
or M2b phenotype (decreased CD163, CD209, IL-10 with 
increased CD68, CCR7, and IL-1β) (Sisino et al. 2013).  
Decidual macrophages in rats in high-glucose conditions 
expressed increased levels of NOS2 gene expression and 
NO, clear markers of M1 activation in vitro (Sisino et al. 
2013).

In pregnancy disorders such as preeclampsia, intra-
uterine fetal growth restriction, and spontaneous miscar-
riage, there was an increased frequency of decidual macro-
phages expressing elevated concentrations of GM-CSF, 
M-CSF, IL-8, and monocyte chemoattractant protein 
(Huang et al. 2006, 2010; Wu et al. 2012).  

Additionally, it was discovered that spontaneous mis-
carriage and preeclampsia complications may resulted from 
abnormal activation of decidual macrophages (Haeger et al. 



T. Qiao et al.50

1992; Duclos et al. 1994; Rusmidi et al. 2023).  The later 
onset of preeclampsia is linked to impaired uterine spiral 
artery EVT invasion, which results in inadequate vascular 
remodeling and lower uteroplacental blood flow to fetus (Li 
et al. 2016). These events are accompanied by a large num-
ber of decidual M1 macrophages, suggesting that pre-
eclampsia is associated with excess M1 macrophage infil-
tration (Li et al. 2016). Folate receptor β is mainly 
expressed on M2 macrophages, and was found as a marker 
for M2 macrophages (Tang et al. 2013).  It was found that 
decidual macrophages polarization could switch toward M1 
macrophages by diminished expression of FR-β and CD163 
in severe cases of preeclampsia (Tang et al. 2013).

M1 and M2 macrophages and recurrent spontaneous abortion
It was shown that excessively and a favored pro-

inflammatory environment may lead to the M1/M2 imbal-
ance, and consequently RSA occurrence (Zhang et al. 
2019).  A shifting from M2 to M1 was found in the decidua 
of patients with RSA (Zhang et al. 2019).  It was found that 
PD-1 expression on decidual macrophages and the expres-
sion of PD-L1 on trophoblasts decreased in women with 
RSA (Zhao et al. 2022).  Co-inhibitory molecule PD-1, a 
member of the CD28 superfamily, is expressed on activated 
monocytes, B cells, T cells, NK cells, macrophages, and 
dendritic cells.  PD-1 ligand is PD-L1 (Lu et al. 2022).  It 
was discovered that trophoblast invasion and macrophage 
polarization are related to the PD-1/PD-L1 axis.  
Macrophages polarized into the M1 phenotype as a result of 
PD-1 decrease (Wei et al. 2021).  Through the ERK/MMP 
pathway, PD-L1 loss prevented trophoblast invasion (Chen 
et al. 2019).  Tryptophan (Trp) is transferred to N-formyl 
kynurenine by the intracellular cytoplasmic enzyme indole-
amine 2, 3-dioxygenase (IDO) (Wang et al. 2015).  M2 
phenotype was observed in IDO+ decidual macrophages 
(Huang et al. 2021).  IDO was found as a beneficial factor 
for early pregnancy.  It was shown that IDO treatment 
decreased the rate of miscarriages in a mouse model of mis-
carriage by inhibiting the inflammatory response (Cheng et 
al. 2021).  Interestingly, IDO expression markedly 
decreased on the decidual macrophages and in the decidua 
in RSA patients compared to the women with a normal 
pregnancy (Huang et al. 2021).   However, an increase in 
the expression of IDO RSA patients villi also has been 
reported (Obayashi et al. 2016), suggesting that more inves-
tigation is needed to verify the role of IDO in RSA.  

IL-33 produced by decidula macrophages increased 
M2 bias at the fetomaternal location, whereas RSA patients 
had a decrease in levels of this cytokine (Nishioku et al. 
2002).  

Enzymes that rearrange histones are known as histone 
deacetylases (HDACs).  It was shown that in women with 
RSA, the level of HDAC8 expression on decidual macro-
phages reduced (Yao et al. 2020).  Reduced HDAC8 caused 
a reduced expression of CD163 on decidual macrophages.  
Via the ERK signaling pathway, decreased HDAC8 stimu-

lated macrophage apoptosis (Yao et al. 2020).  
Human embryonic trophoblasts and maternal decidual 

stromal cells secrete receptor activator of nuclear factor 
NK-κB ligand (RANKL), which causes decidual macro-
phages to change toward the M2 phenotype.  In a mouse 
model, impaired RANKL expression led to aberrant polar-
ization of decidual macrophages and elevated the incidence 
of fetal loss (Meng et al. 2017).  

Nuclear receptor PPARγ (peroxisome proliferator-acti-
vated receptor γ) is expressed on both trophoblasts and 
decidual macrophages.  M2 polarization is related to this 
receptor activation.  Patients with RSA had considerably 
lower levels of PPARγ+ decidual macrophages, and this 
could trigger an inflammatory response directed at the 
developing fetus (Kolben et al. 2018).  Graphical abstract 
illustrates the function of macrophages in the pathophysiol-
ogy of RSA.

Natural Components and Macrophages Polarization
The beneficial impact of active chemicals produced 

from plants in treating health-related illnesses has been 
widely recognized (Okoye et al. 2014; Khan and Ahmad 
2019; van Wyk and Prinsloo 2020; Aware et al. 2022).  
Considering natural plant compounds may target cellular 
functions related to macrophage plasticity at a low cost of 
production, they have gained interest as the possible thera-
peutic agents (Gao et al. 2023).  These diverse natural sub-
stances influence the M1/M2 phenotypic transition through 
of different mechanisms (Liu et al. 2023).  Plant-derived 
substances modify the expression of M1 and M2 macro-
phage-associated inflammatory markers to regulate macro-
phage polarization (Sun et al. 2022).

Bioactive substances such as chrysin, puerarin, and 
glycyrrhizic acid, have been demonstrated to polarize mac-
rophages toward the M1 phenotype through the release of 
pro-inflammatory mediators, such as TNF-α, IL-6, and 
iNOS (Deng et al. 2012; Davoodvandi et al. 2019; Grigore 
2020; Fakhri et al. 2022).  These substances may consider 
as probable anti-tumor and anti-cancer medicines when an 
active immune response is needed (Davoodvandi et al. 
2019; Grigore 2020; Fakhri et al. 2022).

As mentioned, The M2 macrophages have been shown 
to be anti-inflammatory and capable of reducing inflamma-
tion.  Therefore, the M2 phenotype-driven polarization of 
macrophages can help regulate inflammation in inflamma-
tory diseases, including arthritis, inflammatory bowel dis-
ease and arthritis, neurological disorders like Parkinson’s 
and Alzheimer’s diseass.  Bioactive substances such as arc-
tigenin, malibatol A, salidroside, curcumin, Theobroma 
cacao, Camellia sinensis and rographolide can polarize 
macrophages toward the M2 phenotype to have anti-inflam-
matory effects in inflammatory conditions such as inflam-
matory bowel disease and arthritis (Hyam et al. 2013; Pan 
et al. 2015; Zhou et al. 2015; Das et al. 2017; Dugo et al. 
2017; Liu et al. 2018; Saqib et al. 2018; Saha et al. 2020).

The number of plants and the active ingredients in 
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them that may be involved in M1/M2 macrophage polariza-
tion is displayed in Table 1.

The potential effects of natural components on macrophages 
polarization in RSA

The potency of plant derived components in treating 
RSA can be considered as the proposed role of various bio-
active compounds in reshaping the fate of macrophage 
polarization.  This may be a potential therapeutic strategy in 
treatment of a wide range of disease with involvement of 
macrophages in the related pathogenesis (Hyam et al. 2013; 
Pan et al. 2015; Zhou et al. 2015; Das et al. 2017; Dugo et 
al. 2017; Liu et al. 2018; Saqib et al. 2018; Saha et al. 
2020).  To assess the impact of the natural substances on 
the M1/M2 metabolic polarization and, consequently, the 
prevention or therapy of RSA, more research is necessary.  
The effectiveness of naturally produced components in 
switching toward M2 macrophage polarization will be dis-
cussed next, as the anti-inflammatory condition with contri-
bution of M2 macrophages may favor in the management 
the treatment of RSA (Zhang et al. 2019).

Curcuma longa
The main active ingredient in turmeric, curcumin, is a 

polyphenol molecule that is derived from Curcuma longa 
rhizomes (Momtazi et al. 2016a,b).  Curcumin has been 
shown to be useful in treating a number of degenerative 
disorders, as evidenced by increasing numbers of experi-
mental and clinical investigations.  Curcumin was found as 
a GRAS (generally recognized as safe) substance by the 
United States Food and Drug Administration (U.S.  FDA) 
after it was proven to be well-tolerated by 12 g/day for 
three months of treatment in human patients (Strimpakos 
and Sharma 2008; Gupta et al. 2013; Xu et al. 2018).  
Strong evidence for the health advantages of curcumin, 
including its preventative and/or therapeutic effects on 
malignancies, diabetes, and systemic lupus erythematosus, 
comes from experimental research conducted on animal 
models of numerous human diseases (Gupta et al. 2012, 
2013; Momtazi et al. 2016a, b; Hajavi et al. 2017; Abdollahi 
et al. 2018; Soflaei et al. 2018; Xu et al. 2018; Barati et al. 
2019; Naeini et al. 2019; Zendehdel et al. 2019; Momtazi-
Borojeni et al. 2019a, b, c, d).

Curcumin increased M2 macrophage polarization via 
up regulation of the expression of M2 markers, including 
macrophage mannose receptor (MMR), arginase-1 (Arg-1) 
and peroxisome proliferator-activated receptor-γ (PPAR-γ) 
in RAW264.7 macrophages (Gao et al. 2015).  These effects 

Table 1.  Natural compounds and M1-M2 macrophage polarization.  

Plant Active compound Macrophage 
polarization Findings References

Crinum latifolium Aqueous ↑ M1 polarization ↑ Gene expression of IL-6, TNF-α, and IL-1β 
↑ ROS generation

(Nguyen et al. 2013)

Glycyrrhiza uralensis Glycyrrhizic Acid ↑ M1 polarization ↓ Expression of Ym1, Mannose receptor, and 
Arg-1 
↑ NO, CCR7, TNF-α, IL-6, and IL-12 
↑ CD80, CD86, and MHC-II.

(Mao et al. 2015)

Chrysin A natural flavonoid ↑ M1 polarization ↑TLR4/NF-κB signaling pathway (Feng et al. 2014)
Radix puerariae  Isoflavones  

(Puerarin)
↑ M1 polarisation ↓ Expression of CD163, Arg-1, IL-10, IL-1, 

CD206 and TGFβ
↑ Expression of IFN-γ , IL-12 iNOS, CD197, 
CD40, and TNF-α

(Kang et al. 2017)

Hopeahainanensis Malibatol A ↑ M2 polarization ↓ Expression of CD32, CD16, and CD86. 
↑ expression of CD206 and Ym-1

(Pan et al. 2015)

Arctium lappa Arctigenin ↑ M2 polarization ↓ Expression of TNF-α, IL-1β, and IL-6, PI3K, 
AKT and NF-κB
↑Expression of IL-10, and CD204 

(Hyam et al. 2013)

Petroseliumcrispum Apigenin ↑ M2 polarization ↓ Expression of COX2 , iNOS TNF-α, IL-1β,  
and COX2 

(Feng et al. 2016)

Rhodiola rosea Salidroside ↑ M2 polarization ↑ Expression of CD206, Arg1, TGFβ, and YM1/2 
↓ Expression of NO and IL-6

(Liu et al. 2018)

Tamarindus indica Lupeol ↑ M2 polarization ↑ Secretion of IL-10 and CD-206 
↓ Secretion of CD86,IL-1, TNF-α, and IL-12

(Saqib et al. 2018; 
Saha et al. 2020)

Curcuma longa Curcumin ↑ M2 polarization ↑ Phosphorylation of STAT6 
↓ DNMT3b, TNF-α and IL-1β

(Zhou et al. 2015)

Theobroma cacao Cocoa polyphenolic 
extract

↑ M2 polarization ↓ Expression of IL-12, IL-6, TNF-α, IL-1β
↑ Expression of IL-10

(Dugo et al. 2017)

Green tea Epigallocatechin-
3-gallate

↑ M2 polarization ↓ expression of TNF-α, IL-6, and IL-1β 
↑ Expression of Arg-1, ym1, and KLF4

(Almatroodi et al. 
2020)

Andrographis 
paniculata

Andrographolide ↑ M2 polarization ↓ Expression of COX2, TLR4, NFκB, iNOS, and 
IL-1β.

(Das et al. 2017)



T. Qiao et al.52

were related to increases in IL-4 and IL-13 mRNA expres-
sion and protein secretion, as use of a STAT6 inhibitor and 
IL-4 and/or IL-13 neutralizing antibodies attenuated the 
induction of MMR, Arg-1 and PPAR-γ by curcumin (Gao et 
al. 2015).  In another study, male Lewis rats were used to 
induce experimental autoimmune myocarditis (EAM) and 
then were orally administrated either curcumin or corn oil 
(control) for 3 weeks.  Curcumin reduced myocardial 
inflammatory cell infiltration and mRNA expression of 
IL-1β and iNOS.  The myocardial mRNA levels of MMR 
and Arg-1 were markedly increased by curcumin, while 
CD68+ MMR+ and CD68+ Arg-1+ double-positive macro-
phages were higher in curcumin-treated myocardial tissue.  
Myocardial CD68+ iNOS+ double-positive macrophages 
were clearly increased in the EAM group, but decreased 
markedly with curcumin treatment.  Results showed that 
curcumin induces M2 polarization of macrophages by pro-
moting the secretion of IL-4 and/or IL-13 (Yan et al. 2021).

Curcumin regulates several transcription factors, 
including signal transducer and activator of transcription 
(STAT), activator protein 1 (AP-1), nuclear factor (NF-κB), 
and others, to alter immunological responses.  The master 
transcription factor NF-κB controls the release of pro-
inflammatory cytokines from T cells, including interleukin 
(IL)-1, IL-2, and interferon-γ (IFNγ) of pro-inflammatory 
cytokines such as interleukin (IL)-1, IL-2, and IFNγ in 
T-cells (Park et al. 2007a).  Several studies have shown that 
effective concentrations of curcumin range from 2.5 to 100 
µM when evaluated in a RAW264.7 macrophage cell line 
(Siddiqui et al. 2006; Jeong et al. 2009; Ben et al. 2011).  It 
has been suggested that curcumin is a potential inhibitor of 
DNA methyltransferase3b (DNMT3b) (Shu et al. 2011; 
Teiten et al. 2013).  DNMT3b has a role in regulating mac-
rophage polarization.  Knockdown of DNMT3b has been 
shown to promote macrophage polarization to the M2 phe-
notype, while the overexpression of DNMT3b increases M1 
macrophages (Yang et al. 2014).  These results indicated 
that curcumin may induce M2 macrophage polarization by 
inhibiting DNA methylation.  Therefore, curcumin may 
possibly function as a modulating agent capable of inducing 
the polarization of macrophages to an anti-inflammatory 
M2 phenotype, as well as reversibly converting the M2 to 
the M1 phenotype (Bosisio et al. 2002; Kiechl et al. 2002; 
Tu et al. 2012; Lee et al. 2013; Meng et al. 2013; Shiri et al. 
2015; Zhou et al. 2015; Bai et al. 2016).  

Briefly, by promoting an M2-dominant environment, 
curcumin holds promise in alleviating inflammation-related 
complications, including those associated with RSA 
(Ghaneifar et al. 2020; Abdollahi et al. 2023).

Hopea hainanensis 
Hopea hainanensis grows in Asia.  Malibatol A (MA) 

is the active extracted component of this plant is as MA, 
that has anti-oxidant activity (Saqib et al. 2018).  MA has 
been shown in a study to have anti-inflammatory effects in 
ischemic injury resulting from stroke.  The study also found 

that MA had neuroprotective benefits in a mouse model of 
cerebral ischemia by polarizing macrophages towards the 
M2 alternative phenotype (Pan et al. 2015).  Within 72 
hours of administering MA to local microglia in a mouse 
model of middle cerebral artery occlusion, they noticed a 
suppression of M1 macrophage hallmarks such as CD32 
and CD16, whereas M2-related markers such as CD206 and 
Iba1 were enhanced (Pan et al. 2015).  It is possible that 
MA, which affects M2 macrophage polarization, can also 
have the similar effect in RSA and be useful in RSA treat-
ment.

Lignanarctigenin (Arctium lappa) 
Arctium lappacommonly (burdock) is a flowering 

plant whose seeds and roots are known to possess anti-
inflammatory effects (Park et al. 2007b).  This active ingre-
dient of this plant is lignin.  The burdock plant’s seeds con-
tain arctigenin, which has the ability to inhibit the 
production of COX2, iNOS, NF-kB, and AKT phosphoryla-
tion in peritoneal macrophages activated by lipopolysac-
charide (LPS) (Hyam et al. 2013).  Furthermore, arctigenin 
treatment of LPS-stimulated peritoneal macrophages 
decreased the amount of pro-inflammatory cytokines such 
TNF-α and IL-1β.  Similar outcomes have been observed in 
the TNBS-induced colitis model treated with arctigenin, 
indicating that M2 (CD204 and IL-10) and M1 macrophage 
markers are elevated, respectively (Hyam et al. 2013).  
These studies indicate that arctigenin polarizes macro-
phages toward the M2 phenotype, which may be useful in 
treating RSA, acting as an anti-inflammatory substance.  

Apigenin (petroselinum crispum)
Apigenin is a flavonoid in a lot of vegetables and fruits 

which are shown to possess chemoprotective, antioxidant, 
and anti-inflammatory effects (Ali et al. 2016; Mushtaq et 
al. 2023).  It was indicated that in lung epithelial cancer 
cells, apigenin may induce cell death via apoptosis.  It may 
suppress the expression of TNF-α and IL-1 in human mono-
cytes and LPS-stimulated murine macrophages (Feng et al. 
2016).  Through PPAR-α, a crucial regulator of macrophage 
polarization, apigenin promotes M2 polarization resulting 
in inhibiting obesity-related inflammation.  Via the suppres-
sion of COX2 and iNOS production in LPS-stimulated 
murine macrophages, it also facilitates anti-inflammatory 
response (Feng et al. 2016).  In obese mice, apigenin sup-
pressed the expression of NF-κB, and COX-2 genes in the 
lung, which caused macrophages to shift to the M2 pheno-
type, resulting in anti-inflammatory activity in LPS-
mediated acute lung injury (Feng et al. 2016).  Considering 
these findings, arctigenin may act as an anti-inflammatory 
component and could polarized macrophages toward the 
M2 phenotype, which may be helpful in the treatment of 
RSA.

Green tea 
Epigallocatechin-3-gallate (EGCG), a tea polyphenol, 
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is the catechin monomer with the highest concentration and 
potent bioactivity.  Research has demonstrated that EGCG 
has an intervention impact on the development of chronic 
disease and reduced inflammation (Chu et al. 2019; 
Sahebkar et al. 2021).  Research has been carried out 
regarding the intervention impact of EGCG on the distribu-
tion and polarization of macrophages in several organs.  
qRT-PCR was principally used to assess the transcriptional 
expression level of macrophage-related marker genes, such 
as M1 (COX2, iNOS, and TNF-α, and M2 marker genes 
(Arg-1, IL-10, Ym-1).  EGCG had the intervention effect on 
both the promotion of M2 polarization and the suppressive 
polarization of M1 phenotype (Cui et al. 2021).  According 
to recent research, EGCG may affect the phenotypes of 
macrophages, favoring an M2-dominant state and offering a 
natural solution of preventing RSA (Hachul et al. 2018a, b).

Quercetin
Quercetin is a member of the flavonoid plant pigment 

family, which is that causes the color of many fruits, flow-
ers, and vegetables (Sanjay and Shukla 2021).  Quercetin is 
one type of flavonoid that is an antioxidant.  They scavenge 
free radicals, which are bodily particles that can harm cell 
membranes, alter DNA, or even trigger cell death (Sanjay 
and Shukla 2021).  Quercetin has been shown to have anti-
inflammatory properties and influenced macrophage polar-
ization.  Quercetin administration lowered the M1 inflam-
matory responses that cause macrophages and microglial 
cells to produce more NO, pro inflammatory cytokine 
expression, and lipocalin-2.  Treatment with quercetin also 
reduced the chemokines CCL2 and CXCL10 (Cui et al. 
2021).  

Furthermore, quercetin prevents the synthesis of ROS, 
including H2O2, ROO, and HO.  Quercetin therapy also 
decreased the pro-inflammatory stimuli-induced microglial 
phagocytic ability; yet, it also successfully raised the M2 
marker IL-10 expression levels in macrophages and microg-
lial cells.  Of note, quercetin therapy increased the levels of 
several endogenous antioxidants, such as HO-1, GCLM, 
GCLC, and NQO1.  For the treatment of neuroinflamma-
tion-associated disorders and other inflammatory-associated 
diseases, quercetin may be a useful therapeutic target due to 
its role in controlling inflammatory condition, which may 
assist sustain M1/M2 polarization and oxidation/antioxida-
tion effects (Tsai et al. 2021).  Therefore, quercetin may 
contribute to switch macrophage phenotype towards, sug-
gesting an intriguing direction for future study in the field 
of RSA.

Challenges and Future Directions
Considering the potential benefits of using natural 

components to therapeutically influence macrophage polar-
ization in the management of RSA therapy, obstacles still 
exist.  It is necessary to do in-depth research on patient-spe-
cific reactions, ideal natural component dosages, and poten-
tial interventions with current medications.  It is strongly 

recommended that any use of plant-derived components 
during pregnancy be done so with caution and after consult-
ing a healthcare professional.  For RSA, we also suggest 
taking plant-derived components perhaps a few months 
apart from consecutive pregnancies.  Not while pregnant, as 
the fetus may be negatively impacted by the active plant 
components.  We propose that consuming those ingredients 
before to becoming pregnant may mechanistically alter 
macrophage polarization, which may have a positive effect 
on the course of the pregnancy and possibly even avoid 
abortion.  Future research should delve into the intricate 
crosstalk between diverse natural components and macro-
phage phenotypes, laying the foundation for personalized 
therapeutic approaches.  Personalized medicine, also known 
as precision medicine, is a medical approach that uses an 
individual’s genetic profile, environment, and lifestyle to 
manage disease prevention and treatment. The goal is to 
provide more precise, predictable, and powerful care for 
each patient by selecting the right treatment at the right 
time.

Recent advancements reveal additional dimensions in 
the therapeutic landscape of macrophage polarization for 
RSA.  Integrating advanced technologies, including tar-
geted drug delivery systems and gene editing techniques, 
opens new avenues for precision medicine in RSA manage-
ment.  The exploration of novel natural compounds and 
their synergistic effects expands our understanding, present-
ing exciting possibilities for future therapeutic interven-
tions.

Conclusion
Following RSA, decidual inflammation was found in 

the placental implantation site immunopathologically, 
which led to the idea that RSA is an inflammatory preg-
nancy complication with an immune response-related 
pathogenesis.  Throughout pregnancy, macrophages are 
present at the fetomaternal interface and contribute posi-
tively to the processes of placental formation, embryo 
implantation, embryonic development, and delivery.  Plants 
are abundant in bioactive compounds that can polarize mac-
rophages toward either an M2 anti-inflammatory phenotype 
or an M1 pro-inflammatory state.  

According to this review, derived plant-natural compo-
nents, including curcumin, rographolide, arctigenin, mali-
batol A, arctigenin, apigenin, Lupeol, epigallocatechin-
3-gallate, and quercetin may be able to polarize 
macrophages toward M2 phenotype in a variety of diseases 
with similar inflammatory etiologies to RSA.  These com-
ponents can affect macrophage polarization toward M2 
polarization via affecting of expression of multiple cellular 
markers, cytokines, inflammatory markers, and transcrip-
tion factors as well as molecular pathways.  There for by 
shifting polarization of macrophages toward M2 phenotype, 
natural components may potentially be effective in the man-
agement treatment of RSA.  However, there are major 
obstacles because pregnancy is delicate and the health of 



T. Qiao et al.54

mother and fetus is vital.  The optimal dose of natural com-
ponent, and possible interactions with existing medications 
should be considered.  It is highly recommended that any 
use of components derived from plants be done so cau-
tiously and only after consultation with a medical provider 
during pregnancy.  We also recommend that plant-derived 
components for RSA treatment be taken maybe a few 
months apart from consecutive pregnancies.  Not while 
becoming pregnant, as the active ingredients in the plant 
could harm mother and fetus health.  We propose that future 
studies should focus on assessing the impact of natural 
components on macrophage polarization and likely clinical 
outcomes in the treatment of RSA.   
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