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A narrative review of potential neural 
repair poststroke: Decoction of Chinese 
angelica and peony in regulating 
microglia polarization through the 
neurosteroid pathway
Linhui Qin1, Peter Kamash2, Yong Yang3, Yuchuan Ding2, Changhong Ren1

Abstract:
Ischemic stroke is a major global health crisis, characterized by high morbidity and mortality rates. 
Although there have been significant advancements in treating the acute phase of this condition, 
there remains a pressing need for effective treatments that can facilitate the recovery of neurological 
functions. Danggui‑Shaoyao‑San  (DSS), also known as the Decoction of Chinese Angelica and 
Peony, is a traditional Chinese herbal formula. It has demonstrated promising results in the regulation 
of microglial polarization and modulation of neurosteroid receptor expression, which may make it a 
potent strategy for promoting the recovery of neurological functions. Microglia, which plays a crucial 
role in neuroplasticity and functional reconstruction poststroke, is regulated by neurosteroids. This 
review posits that DSS could facilitate the recovery of neuronal function poststroke by influencing 
microglial polarization through the neurosteroid receptor pathway. We will further discuss the potential 
mechanisms by which DSS could enhance neural function in stroke, including the regulation of 
microglial activation, neurosteroid regulation, and other potential mechanisms.
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Introduction

Ischemic stroke represents a global 
health crisis, responsible for significant 

morbidity and mortality.[1,2] While there 
have been considerable advancements in 
vascular reperfusion during the acute phase 
of this disease, approximately half of the 
survivors continue to live with permanent 
disabilities, resulting in an immense burden 
for families and society.[3‑5] This highlights 
the urgent need for the development of 
effective stroke treatments that not only 
focus on neurological function recovery 
but also improve the prognosis of stroke.[6,7]

Microglia, the immune cells of the central 
nervous system, play a pivotal role in 
neuroplasticity and recovery poststroke. 
Depending on the microenvironment, 
microglia exhibit either pro‑inflammatory or 
restorative phenotypes. Poststroke, microglia 
transition from a pro‑inflammatory to a 
restorative phenotype, thereby facilitating 
functional recovery.[8]

Danggui‑Shaoyao‑San  (DSS), a traditional 
Chinese herbal formula, has a long‑standing 
h i s t o r y  o f  u s e  f o r  t h e  t r e a t m e n t 
of gynecological disorders, pain, and 
inflammation. Recent studies suggest that 
DSS exerts neuroprotective effects across 
various neurological disorders, including 
ischemic stroke.[9,10] Furthermore, DSS 
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has demonstrated capabilities in regulating microglial 
polarization and modulating steroid hormone receptor 
expression, indicating its potential as a promising 
strategy for promoting neurological function recovery 
following a stroke.[11]

Numerous studies have underscored the importance 
of neurosteroids in microglia in regulating microglial 
function.[12] In this review, we posit that DSS may 
promote the recovery of neuronal function poststroke 
by regulating microglial polarization through the 
neurosteroid receptor pathway.

Our ultimate aim is to provide a comprehensive 
understanding of DSS’s potential as a complementary 
therapy for ischemic stroke and contribute to the 
development of innovative therapeutic approaches for 
this devastating disease.

DSS is a traditional Chinese herbal formula with a history 
of usage spanning centuries, primarily for treating a variety 
of gynecological disorders such as irregular menstruation, 
dysmenorrhea, and infertility.[13] Nevertheless, recent 
studies have revealed DSS’s effectiveness in treating 
conditions such as stroke and vascular dementia. DSS 
is a blend of six natural herbs: Radix Angelicae Sinensis, 
Radix Paeoniae Alba, Rhizoma Ligustici Chuanxiong, 
Poria, Rhizoma Alismatis, and Rhizoma Atractylodis 
Macrocephalae.[10,14] DSS facilitated the recovery of 
neurological function in rats subjected to transient 
middle cerebral artery occlusion (MCAO).[13] Li et al. also 
observed that DSS promoted long‑term neurological 
outcomes in mouse models of MCAO.[9] When DSS was 
incorporated into conventional treatment regimens, there 
was a significant improvement in neurological function.[15] 
Similarly, when combined with rehabilitation training, 
DSS notably enhanced motor function and daily living 
abilities in stroke patients.[16] Furthermore, DSS has been 
administered to patients with asymptomatic cerebral 
infarction, where it improved microcirculation and blood 
flow in cerebrovascular disorders.[17] Another study 
discovered that combining the direct thrombin inhibitor 
argatroban with DSS significantly reduced neurological 
deficits and improved the hemorheological index, thereby 
positively affecting the long‑term prognosis of patients 
with acute cerebral infarction.[18] Consequently, DSS holds 
substantial potential as a complementary therapy for stroke 
patients, underscoring the need for further investigation.

Mechanisms by Which 
Danggui‑Shaoyao‑San Enhances Neural 

Function Following Stroke

Microglial cells in poststroke neuroplasticity
Microglia, the resident macrophages of the central 
nervous system, play a crucial role in maintaining local 

homeostasis within the brain microenvironment.[19] 
These cells primarily mediate the inflammatory response 
poststroke.[20] Under physiological conditions, microglia 
remain dormant, but when activated, they present two 
polarized phenotypes: pro‑inflammatory and restorative 
microglia.[19] Pro‑inflammatory microglia generate 
substantial amounts of oxidative stress products and 
pro‑inflammatory factors, which exacerbate cerebral 
ischemic injury.[11] Conversely, restorative microglia 
curtail the inflammatory response and facilitate tissue 
repair, a process that is critical for neuron survival 
through the promotion of angiogenesis, neurogenesis, 
differentiation of oligodendrocyte precursor cells, 
and myelin formation.[11,19,21] Thus, augmenting the 
population of restorative microglia and boosting their 
tissue‑repair function bears significant clinical relevance 
in the treatment of ischemic stroke.[22]

Danggui‑Shaoyao‑San Modulates 
Microglial Activation

DSS’s diverse protective effects on neuroinflammation 
and microglial activation. In an in  vitro study, DSS 
was shown to guard against neuroinflammation in 
lipopolysaccharide‑induced BV‑2 microglia cells through 
the toll‑like receptors/NF‑κB signaling pathway.[23] 
DSS was also found to attenuate dopaminergic cell 
damage caused by 1‑methyl‑4‑phenylpyridine toxicity 
and suppress microglial cell activation in primary 
mesencephalic culture systems.[24] In addition, DSS 
was observed to alleviate orthodontic pain in rats 
by inhibiting microglial activation in the trigeminal 
spinal nucleus caudalis in the brainstem.[25] Active 
components of DSS, such as tetramethylpyrazine 
and atractylenolide‑III, were found to inhibit 
microglial activation in cerebral ischemia‑reperfusion 
rat models and reduce pro‑inflammatory factors 
in immortalized mouse microglia cell line IMG6, 
respectively.[26,27] Moreover, a study showed that DSS 
lowered the number of proinflammatory microglia, 
increased restorative microglia, reduced the expression of 
pro‑inflammatory factors, and heightened the expression 
of anti‑inflammatory factors following cerebral ischemia, 
positioning DSS as a promising treatment candidate for 
stroke and other neurological disorders.[9]

Danggui‑Shaoyao‑San’s Role in 
Neurosteroid Regulation

DSS has demonstrated an ability to regulate neurosteroids, 
including estrogen, a hormone crucial to cognitive 
function.[28] Estrogen, synthesized in the brain, plays an 
instrumental role in memory formation by preserving 
hippocampal synapses.[29,30] Studies have illustrated 
that DSS treatment promotes estrogen synthesis in 
primary hippocampal cells and the hippocampus of 
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ovariectomized  (OVX) mice, mitigating OVX‑induced 
memory impairment.[31] Furthermore, DSS has shown 
potential in enhancing learning and memory abilities in 
female diabetic mice (db/db) and senescence‑accelerated 
mice  (SAM), likely by increasing the levels of 
estradiol  (E2), nitric oxide  (NO), and glycine.[32,33] 
The active ingredient in DSS, Z‑ligustilide, has been 
associated with increased levels of neurosteroids, 
pregnenolone, and allopregnanolone, in brain tissue.[34] 
Intriguingly, previous network pharmacology studies 
have suggested that DSS might exert neuroprotective 
effects after stroke by modulating the steroid hormone 
signaling pathway and steroid hormone receptor 
activity, as evidenced by GO functional enrichment 
analysis and KEGG pathway enrichment analysis.[10] 
While the precise relationships between these targets 
and the potential of DSS in treating ischemic stroke are 
still under investigation, continued research could offer 
invaluable insights into the DSS’s mechanisms of action 
and potential stroke treatment applications through the 
modulation of neurosteroid hormones.

Neurosteroid Hormone’s Role in Microglia 
Function Regulation

Neuronal functions in the central nervous system are 
widely influenced by steroid hormones.[12,35] These 
“neuroactive” steroids, secreted by the adrenal glands, 
gonads, and placenta, can cross the blood–brain barrier, 
readily diffusing to their target cells.[12,36] In addition, 
steroid hormones can be synthesized within the central 
nervous system itself.[12] Evidence from a study using 
a mouse model of autoimmune encephalomyelitis 
showed that administration of estrogen receptor 
β (ERβ)‑specific ligands that foster CtBP recruitment in 
microglia suppressed pro‑inflammatory factors such as 
interleukin‑6 (IL‑6), IL‑1, inducible NO synthase (iNOS), 
and cyclooxygenase‑2.[37] When applied to brain trauma 
mouse models, 17β‑estradiol can activate ERα and ERβ 
in microglia, inhibiting pro‑inflammatory cytokines IL‑6, 
IL‑1β, and iNOS, thereby providing neuroprotection.[38] 
This supports the idea that bolstered ERɑRERβ activity 
would suppress the expression of pro‑inflammatory 
factors, serving a neuroprotective function.[12] Another 
mouse experiment confirmed that progesterone, 
secreted by astrocytes and oligodendrocytes, binds to 
the microglia receptor known as progesterone receptor 
membrane component 1 (PGMRC1), thereby boosting the 
expression of anti‑inflammatory factors such as Cluster 
of Differentiation 206, arginase 1, and transforming 
growth factor‑beta.[39] In vitro experiments demonstrated 
that elevated PGMRC1 expression amplifies the 
anti‑inflammatory factor level in microglia under 
hypoxic conditions.[40] Thus, neurosteroid hormone 
receptors in microglia hold a significant role in microglia 
function regulation.[41] Overall, the studies suggest that 

the potential of DSS in stroke treatment is closely linked 
to its ability to regulate neurosteroid hormones, which 
in turn affect microglia function.

Additional Mechanisms

In vitro studies have suggested DSS’s potential for 
anti‑apoptotic effects.[42] In addition, it was reported 
that DSS can mitigate oxidative stress against cerebral 
ischemic reperfusion injury in a SIRT1‑dependent 
manner.[43] DSS has been found to improve neurological 
dysfunction following cerebral ischemia by reducing 
infarct volumes and bolstering anti‑apoptotic and 
antioxidant effects in a rat stroke model.[44] We also 
discovered that DSS stimulates focal angiogenesis and 
neurogenesis 14 days post‑MCAO through the activation 
of vascular endothelial growth factor and endothelial 
NO synthase in the cortex and striatum.[13] Moreover, a 
protein microarray technology‑based study found that 
DSS can boost the expression of basic fibroblast growth 
factor‑2 and stromal cell‑derived factor‑1α, promoting 
angiogenesis in mice post‑MCAO.[45] These findings 
underscore that DSS possesses multiple mechanisms 
of action and shows promise as a potential therapeutic 
agent for cerebral ischemia. Further investigation is vital 
to understand its mechanisms of action and explore its 
potential clinical applications.

Perspective and Prospective

At present, the studies suggest that DSS might stimulate 
neuronal function recovery following a stroke. This seems 
to be primarily achieved by directing the polarization 
of microglia cells through the neurosteroid receptor 
pathway [Figure 1]. The significance of these findings 
necessitates further research, to not only validate these 
results but also to delve deeper into the potential of DSS 
as an adjunctive therapy for stroke patients.

Traditional Chinese medicine, including treatments such 
as DSS, is gaining global recognition and acceptance. 
Given this trend, it is timely to rigorously examine the 
potential of DSS as a safe and efficient treatment option 
for ischemic stroke. The purported benefits of DSS need 
to be subjected to rigorous scientific scrutiny to establish 
its therapeutic value clearly.

Looking forward, our focus should be on several aspects. 
First, the precise molecular mechanisms underpinning 
the effects of DSS on microglial polarization and 
neurosteroid hormone regulation need to be elucidated. 
This understanding will build a solid scientific basis for 
its application in stroke management. Moreover, there 
is an urgent need to explore DSS’s clinical applicability 
in stroke treatment. This is especially relevant when 
considering it as a complementary intervention in 
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conjunction with other established therapies, such 
as thrombolysis and rehabilitation training. An 
understanding of how DSS can synergize with these 
treatments could potentially unlock new avenues 
for stroke therapy, offering hope for better patient 
outcomes. Another crucial aspect to be investigated is the 
optimization of DSS administration. The ideal dosage, 
duration, and frequency of DSS treatment for stroke 
patients need to be established through meticulous 
research. This information is vital in ensuring the best 
possible therapeutic outcomes while minimizing any 
potential side effects. In parallel, large‑scale clinical trials 
to assess the safety and efficacy of DSS are a necessity. 
Such trials will provide much‑needed empirical 
evidence on DSS’s utility as a stroke treatment. They 
would also shed light on any potential adverse effects, 
providing a more balanced view of DSS’s therapeutic 
potential.

Understanding the effects of DSS on microglial 
polarization and neurosteroid receptor expression 
holds promise for the development of new therapeutic 
strategies for stroke patients. By regulating microglial 
polarization, DSS may help modulate the immune 
response and reduce neuroinflammation, which 
are key factors in stroke pathophysiology. This 
could potentially lead to improved neurological 
outcomes and functional recovery in stroke patients. 
In addition, modulating neurosteroid receptor 
expression, as observed with DSS, could have 
implications for the development of neuroprotective 
therapies.  Understanding the mechanisms by 

which DSS regulates neurosteroid receptors may 
lead to the identification of novel targets for drug 
development. Overall, this knowledge may lead to the 
development of personalized treatment approaches 
and the repurposing of existing therapies for stroke 
patients. Further research is needed to elucidate 
these mechanisms and translate them into clinical 
applications for the benefit of stroke patients.

In summary, future studies focusing on these areas 
could potentially revolutionize our therapeutic approach 
to ischemic stroke. The results could lead to the 
development of novel strategies for stroke management, 
ultimately improving the prognosis and quality of life 
for stroke patients. The exploration of DSS’s therapeutic 
potential represents an exciting frontier in stroke 
research, one that promises to blend traditional wisdom 
with modern scientific methodology.
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Figure 1: Schematic representation illustrating the potential mechanism by which Danggui Shaoyao San (DSS) promotes neuronal function recovery following a stroke. 
After a stroke, there is an increase in the pro‑inflammatory phenotype of microglia and a decrease in the tissue repair phenotype, leading to exacerbated neuronal function 
damage. However, DSS, through the neurosteroid pathway on microglia cells, regulates microglial polarization. This leads to a reduction in the pro‑inflammatory phenotype 
and an increase in the tissue repair phenotype of microglia. Consequently, DSS facilitates neuronal function recovery by promoting a favorable microglial polarization state. 

DSS: Danggui‑Shaoyao‑San, ERβ: Estrogen receptor β, ERα: Estrogen receptor α, PGMRC1: Progesterone receptor membrane component 1
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