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Research Progress on Neuroprotective Effects of Salvianolic Acid B in
an Animal Model of Parkinson’s Disease
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Abstract As an active ingredient extracted from Salvia miltiorrhiza, the neuroprotective effects of salvianolic acid B in Parkinson’s disease in-

clude antioxidation, improvement of mitochondrial function, modulation of neuroinflammation, inhibition of apoptosis, promotion of neuronal

differentiation and proliferation, and influence on intestinal flora. As an adjuvant drug, salbutamol B can be used in combination with conven-

tional therapeutic drugs to enhance the efficacy and minimize the side effects, which provides a method and basis for the early diagnosis and

treatment of Parkinson’s disease in clinical practice.
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1 Introduction

As a progressive neurodegenerative disease, Parkinson’s disease
(PD) has a high prevalence in the elderly population, with an av-
erage age of onset around 65 years'''. The main pathologic change
in PD is the degenerative death of dopamine (DA) neurons in the
midbrain substantia nigra, resulting in a significant reduction in
striatal dopamine content'”’. Although the exact etiology is un-
known, genetic factors, environmental problems, ageing, oxida-
tive stress, efc. may be involved™ . The main symptoms of PD in-
clude slow movement, involuntary trembling of the limbs or body,
and rigidity of the body, which makes it difficult for the patient to
bend the body'*’. As the fourth most common neurodegenerative
disease among the elderly, PD has a prevalence of 0.4% in peo-
ple over 40 years of age. Although physiologic DA neurons degen-
eration decreases with age, only a small number of the elderly
population suffers from this disease, suggesting that aging is only a
precipitating factor in the onset of PD. Although genetic factors
are also believed to be related to the occurrence of PD, less than

[4]

10% of patients have a family history ™. Currently, PD is treated

5
] As a common

with drugs and surgery, but there is no cure
neurodegenerative disease, the etiology and pathogenesis of PD
still need further research.

Salvianolic acid B (Sal B) is a phenolic acid compound ex-
tracted from the traditional Chinese medicine Salvia miltiorrhiza,
which has a variety of pharmacological action. In the study of PD,
Sal B has attracted much attention due to its potential neuroprotec-

tive effects'® . In terms of antioxidant effects, Sal B has multiple
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phenolic hydroxyl groups, which gives Sal B an advantage in an-
tioxidant activity. Besides, Sal B has a significant effective in
scavenging free radicals and reducing cellular damage caused by

[7]

oxidative stress In terms of anti-inflammatory effects, Sal B

can alleviate inflammation by regulating the expression of inflam-
mation-related factors,

*". In terms of neuroprotection, Sal B has been proven to

thus inhibiting the inflammatory re-
sponse
protect dopaminergic neurons and reduce neuronal death'’. In
terms of improving mitochondrial function, Sal B can improve mi-
tochondrial function, increase cellular energy metabolism and an-
tioxidant capacity'"’. In terms of inhibiting apoptosis, Sal B can
inhibit apoptosis through multiple pathways and prolong cell sur-
vival time"". In PD, Sal B has been proven to reduce the death
of nigrostriatal dopaminergic neurons, improve movement disor-
ders, and enhance the quality of life, and its mechanism of action
involves a variety of aspects including antioxidant, anti-inflamma-
tory, and mitochondrial function improvement' '

Although the potential therapeutic effect of Sal B in PD is en-
couraging , there is still a lack of sufficient human clinical trial da-
ta to support its widespread clinical application. More clinical
studies are needed to validate its effectiveness and safety in the
treatment of neurodegenerative diseases such as PD.

2 Pharmacologic effects of Sal B

As an active ingredient extracted from Salvia miltiorrhiza, Sal B is
widely used in traditional Chinese medicine and modern medi-
cine'®’. The main pharmacological effects of Sal B are shown
below :

2.1 Anticoagulation Sal B inhibits platelet aggregation and
thrombosis and exerts its anticoagulant effect by inhibiting throm-
bin and fibrin formation, thus improving blood flow!™.

2.2 Anti-inflammatory Sal B can inhibit inflammatory signa-
ling pathways, such as blocking the release of inflammatory medi-
ators and inhibiting the activation of inflammatory cells, reducing
the inflammatory responsem .
2.3 Antioxidant

neutralize free radicals and reduce cellular oxidative stress, thus

Sal B has antioxidant activity, and it can

protecting cells from oxidative damage'”".
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2.4 Vasodilation Sal B can promote the release of nitric oxide

(NO) from vascular endothelial cells, which in turn leads to vaso-
dilation and improved blood flow .

2.5 Myocardial protection Sal B protects cardiomyocytes

from ischemia-reperfusion injury, reduces myocardial infarct size,
and improves myocardial function'"’.
2.6 Anti-tumor

against some tumor cells by inhibiting proliferation, inducing ap-
[14]

Sal B shows potential anti-tumor activity
optosis and anti-angiogenesis

3 Pathogenesis of PD
PD is a progressive neurological disorder with a multifaceted path-
omechanism. The main pathological mechanisms of PD are shown
below :
3.1 Loss of dopamine beurons The main feature of PD is the
progressive degeneration of dopaminergic neurons in the substantia
nigra. This degeneration leads to a decrease in the production of
dopamine in the brain, which in turn affects motor control .
3.2 Oxidative stress and impaired mitochondrial function
Oxidative stress is present in PD, whereby the intracellular pro-
duction of harmful free radicals and oxidants exceeds antioxidant
defenses. This can lead to impaired mitochondrial function, affect-
ing nerve cell energy production and increasing the risk of cell
death'"’.
3.3 Inflammatory responses Inflammatory responses are
present in the brain tissue of patients with PD, including activated
neuroglia and the production of inflammatory mediators. These in-
flammatory responses may play a role in maintaining or accelera-
ting the loss of dopamine neurons'"”’.
3.4 Abnormal protein metabolism PD is associated with ab-
normal protein metabolism in which one protein, called alpha-pro-
tein, plays a key role in the survival and function of dopamine
neurons. Abnormal protein accumulation may lead to cell death
and impaired nervous system function'®’.

These pathologic mechanisms interact to cause the neurologi-
cal problems of PD, such as symptoms of muscle rigidity, slow

4
s However, the exact cause

movement, tremor, and imbalance
of PD is still not fully understood, so research into the disease is
still ongoing to further explore deeper pathological mechanisms and

develop more effective treatments' > .

4 Mechanism of neuroprotective effect of Sal B in PD
4.1 Antioxidant

ling and drive key factors for tissue cell repair, the right amount of

In order to regulate intracellular redox signa-

reactive oxygen species is necessary, however, excessive reactive
oxygen species can lead to an imbalance in homeostasis between
intracellular oxidation and antioxidant, resulting in the loss of
function of important molecules of the tissues and cells'”’. The
high energy and oxygen consuming metabolic properties of the
brain, along with other intrinsic factors such as its weak antioxi-

dant capacity, result in a higher probability of neurons and glial
20]

cells receiving oxidative stress damage ™ . In order to reduce the
probability of neurons and glial cells receiving oxidative stress

damage, we can start from the inhibition and elimination of free

radicals, and Sal B as a natural antioxidant in the nervous system
can inhibit and scavenge free radicals, inhibit the activity of oxi-
dative enzymes that catalyze the generation of reactive oxygen spe-
cies, and enhance the activity of antioxidant enzymes, and at the
same time, promote the generation of endogenous antioxidants'"
It was shown that pretreatment of SH-SY5Y cells with Sal B signif-
icantly reduced 6-hydroxy dopamine (6-OHDA )-induced reactive
oxygen species production and blocked the increase in intracellular
calcium ions induced by 6-OHDA. The data indicated that 6-OH-
DA-induced apoptosis was reversed by Sal B treatment; further-
more, Sal B reduced the activation of extracellular signal-regulated
kinases and induced 6- OHDA-inhibited activation of protein ki-
nase C. Thus, Sal B is one of the effective treatments for PD".
It was also found that, Sal B could activate antioxidant-relat-
ed pathways, exert neuroprotective effects, and preserve dopamin-
ergic neuron function in PD models in vivo, improving motor dys-
function in Parkinson’s animal models'™"’.
4.2 Modulation of neuroinflammation
is the main driving factor for its occurrence, and the activation of

In PD, inflammation

microglia plays an irreplaceable role in its pathological response
mechanism'™’. And Sal B can play a dual protective role against
neuroinflammatory injury in vitro and in vivo by activating the an-
tioxidant signaling pathway, and inhibit the release of pro-inflam-
matory cytokines in microglia to regulate neuroinflammation, and
increase the expression and release of glial cell-derived neurotro-
phic factor in astrocytes, which can play a neuroprotective
role >’

4.3 Promote neuronal differentiation and proliferation In
response to the application of the technology of converting the
body’s own mature cells into induced pluripotent stem cells (iP-
SCs) in PD, it has been shown that iPSC-induced neurons and DA
differentiated from neuroglia with midbrain characteristics improve
the behavior of a PD model after transplantation into the brain of
the PD model”’. However the neural differentiation of iPSC is not
fast enough, limiting its use in PD. It was found that the incorpo-
ration of Sal B into the neural differentiation process of iPSCs
could effectively increase the efficiency of iPSC differentiation into
neural stem cells and promote the further differentiation and prolif-
eration of neural stem cells because Sal B activated the AKT/
GSK3p signaling pathway. '
4.4 Inhibition of apoptosis

of neuronal apoptosis is required because of the limited regenera-

In the treatment of PD, inhibition

tive capacity of central nervous tissue cells. Studies have shown
that Sal B prevents 6-OHDA-induced apoptosis in SH-SYSY cells,
another cell model of PD, by decreasing 6-OHDA-induced
caspase-3 activity and cytochrome ¢ release, which inhibits neuro-
nal apoptosis . In addition to this, Sal B protected PCI2 cells
from hydrogen peroxide-induced cytotoxicity by reducing apoptosis
and loss of superoxide dismutase, catalase and glutathione peroxi-
dase activities, as well as inhibiting malondialdehyde production,
lactate dehydrogenation release, and intracellular Ca’* levels and
caspase-3 activity, suggesting that Sal B is neuroprotective against
some of these toxicities >’ .

4.5 Improvement of mitochondrial function Mitochondria

are the energy source of cells, and their abnormal oxidative phos-
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phorylation function as well as abnormal or delayed activation of
the mitochondrial unfolded protein response (UPRmt) after injury

281 and

is an important reason for the loss of neuronal function
mitochondrial dysfunction is one of the important causative factors
of PD. Studies have shown that Sal B attenuates the decrease in
mitochondrial membrane potential and the decrease in mitochon-
drial ATP synthesis caused by 1-methyl-4-phenylpyridinium ions,
and increases the expression of mitochondrial DNA and PGC-1,
NRF-1, TFAM genes as well as mitochondrial fusion-associated
proteins after 1-methyl-4-phenylpyridinium ions treatment as well
as inhibits mitochondrial fusion-associated proteins after the dam-
age'™ | therefore Sal B may regulate mitochondrial function by
regulating the mitochondrial fusion-related proteins. Sal B may
achieve benign biological effects on mitochondrial function repair
by regulating mitochondrial biogenesis and mitochondrial fusion-
related proteins, thus playing a neuroprotective role in PD.

4.6 Influence on intestinal flora There are multiple pathways
of bidirectional communication of biological information between
the intestinal flora and the brain, and the intestinal flora and its
metabolites play a very important role in neurogenesis, neuroim-
munity and neuroendocrinology. "' Therefore, there exists a very
close link between the intestinal flora and the occurrence of PD,
and there exists a possibility that abnormalities in the immune
function caused by abnormalities of the intestinal flora can trigger
the degeneration of Parkinson’s dopaminergic neurons. Degenera-
tion of dopaminergic neurons in PD”'. Tt has been shown that Sal
B reduces serum MDA levels and increases the number and densi-
ty of gut flora with anti-inflammatory and lipopolysaccharide pro-
duction inhibition functions. In summary, Sal B can affect the
species and density of gut microorganisms, but it is still questiona-
ble whether this effect is direct, and more in-depth studies are

needed on the effects of Sal B on gut flora™'.

5 Clinical applications of Sal B in PD

5.1 Analysis of the efficacy of Sal B in the treatment of PD
Currently, the main therapeutic drugs for PF are dopamine drugs,
anticholinergic drugs, etc. However, the long-term use of these
drugs may cause problems such as reduced efficacy and increased

side effects’™’

As a herbal extract with neuroprotective effects,
Sal B can be used as an adjuvant drug in combination with conven-
tional therapeutic drugs to enhance the efficacy and reduce the
side effects. Clinical studies have shown that Sal B combined with
dopamine can significantly improve the motor function and life
quality of patients with PD, and Sal B can also reduce the side
effects caused by dopamine such as anisotropia.

Combining clinical practice and knowledge of the mechanism
of PD, it can be suggested that the main cause of PD is located in
the brain, and its pathological state is a deficiency of kidney es-
sence, which cannot nourish the brain marrow, and there is stasis
of blood in the body, which leads to poor blood circulation, so it is
suggested that the root cause of PD lies in the deficiency of the
kidneys™'. According to existing research, Salvia miltiorrhiza,
one of the most frequently used Chinese medicines, is found to

play a role in activating blood circulation and removing blood sta-

. . . [34
sis, as well as having a neuroprotective effect'™’.

5.2 Efficacy and safety Sal B is often used as a pharmaceuti-
cal component in PD in clinical practice, and it has a variety of
clinical efficacy and applications. With its vasoconstrictive and
platelet aggregation increasing functions, Sal B can be used in the
regulation of acute bleeding and hemostatic processes, and can

promote the healing process of skin wounds'™’.

Its astringent
effect can narrow blood vessels and reduce exudation, thus accel-
erating the healing and repair of wounds'"’. Sal B inhibits the in-
flammatory response and reduces inflammatory cell-mediated inju-
ry and release of inflammatory factors'™ . It also possesses antibac-
terial and antiviral activity and reduces inflammatory symptoms by
inhibiting the release of inflammatory mediators and the onset of
inflammatory responses. Sal B has significant antioxidant activity
that neutralizes free radicals and attenuates oxidative stress, and
has potential in the prevention and treatment of oxidative damage
associated with chronic diseases'’'.

The clinical efficacy and recommended dosage of Sal B may
vary depending on the specific disease, individual differences and
drug compounding. In addition, Sal B, as an ingredient of tradi-
tional Chinese medicine, is often used as a component of Chinese
medicinal preparations, and the specific efficacy of Sal B needs to
be evaluated in combination with the drug combination and the
specific formulation to comprehensively assess the therapeutic
effect.

6 Summary and prospects
Sal B is an antioxidant among the most abundant active salvianolic
acids in Salvia miltiorrhiza, which has clinical applications in PD
as a herbal extract with neuroprotective effects. This article pro-
vides an overview of the pharmacological effects of Sal B and the
pathological mechanisms of PD, and summarizes the mechanism of
neuroprotective effects of Sal B in PD in six aspects; antioxida-
tion, improvement of mitochondrial function, modulation of neu-
roinflammation , inhibition of apoptosis, promotion of neuronal dif-
ferentiation and proliferation, and influence of intestinal flora.
Meanwhile, efficacy analysis, curative efficacy and safety analysis
were conducted on the clinical application of Sal B in PD.
Clinical studies have shown that Sal B combined with conven-
tional drugs in the treatment of PD can improve the efficacy and

reduce the side effects™

; Sal B given preoperatively and postop-
eratively can reduce the incidence of surgical complications and
shorten the postoperative recovery time. However, the current
quantity and quality of clinical studies on the application of Sal B
in PD are still limited, and further clinical trials with large sam-
ples and long-term follow-up are needed to verify its efficacy and
safety. In addition, further in-depth studies on the mechanism of
action of Sal B are also needed to provide a more reliable basis for
its treatment in PD and other neurodegenerative diseases. Combi-
nation application of Sal B with other neuroprotective drugs or
therapeutic methods is considered to enhance the therapeutic effect
and improve the life quality of patients. Since specific diseases,
individual differences and drug combinations can affect the dosage

of Sal B, research on the improvement of dosage forms and admin-
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istration routes of Sal B also needs to be further strengthened in or-
der to better meet the clinical needs.
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