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Abstract

accidents increase our exposure to irradiation. Irradiation-induced neuroinflammation is one of the important aspects. The occurrence

The continuous development of deep space exploration, the potential threat of war, and the occurrence of nuclear

of neuroinflammation is closely related to neurodegenerative diseases such as Alzheimer's disease (AD) and Parkinson's disease
(PD). The development of traditional Chinese medicines (TCM) with antioxidant and anti-inflammatory effects has positive
implications for irradiation-induced damage to the central nervous system (CNS). Traditional Chinese medicine dragon's blood has a
good effect on the treatment of radiation-induced neuroinflammation. This review summarizes the role of dragon's blood in reducing

oxidative stress levels, expression of related inflammatory factors, and mitochondrial damage. At the same time, we propose that

endogenous neurotoxins may aggravate brain-induced neuroinflammation which might be alleviated by dragon's blood.
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During long-term space travel, astronauts are
easily exposed to the Milky Way Cosmic Ray (GCR)
and Solar Particle Events!!l, which poses a great
health risk to astronauts. Among these injuries,
damage to the CNS may cause a series of problems,

including learning, memory, processing speed,
attention, cognitive flexibility, and executive
functions like cranial radiotherapy to prevent

malignant progression of the brain!?. Studies have
shown that in the three-year Mars mission, it is
estimated that 13% of neurons in the CNS will be
infiltrated by iron ions at least once, while about 50%
of neurons in hippocampal neurons are infiltrated™!. In
addition, due to the proliferation of nuclear weapons,
potential terrorist attacks, natural disasters at nuclear
power plan, and the widespread use of nuclear
medicine, the risk of exposure to debilitating and
lethal doses of irradiation is increasing for ordinary
people. Trradiation-induced CNS damage is often
accompanied by an increase in Reactive oxygen
species (ROS), which is a key signaling molecule in
the inflammatory responsel™.

TCM, as one of the most important parts of

dragon's blood, irradiation, ROS, neuroinflammation, mitochondrial, endogenous neurotoxin

complementary and alternative medicine (CAM),
plays a key role in the formation of integrated Chinese
and Western medicinel®. In the context of the
increasing number of alternative forms of health care
such as TCM in many Western countries, countries
such as Australia, Canada and the United Kingdom
have even begun to develop regulations, education
and standards on CM practices!”!. The use of Dragon's
Blood can be traced back to ancient Greece and the
ancient Arab era, and its use as a TCM in China has
also exceeded 1 500 years®!%, Li Shi-Zhen also
recorded the medicinal value of the dragon's blood in
Compendium of Materia Medica (Ming Dynasty,
1 368—1 644). Studies have shown that it has good
effects in the treatment of blood stasis syndrome, anti-
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diarrhea, anti-ulcer, anti-bacterial, anti-viral, wound
healing, anti-tumor, anti-inflammatory, anti-oxidation,
improve blood circulation, metabolism and immune
function® !,

The development of TCM with antioxidants and
anti-inflammatory effects has a positive effect on the
central nervous system risks in response to space and
ground irradiation accidents. The present review
enlightens Dragon's Blood is a positive effect in
relieving irradiation-induced neuroinflammation.

blood
neuroinflammation after irradiation

1 Dragon’s relates to anti-

1.1 Decrease the level of oxidative stress

Oxidative stress refers to an imbalance between
oxidation and anti-oxidation in the body, which tends
to oxidize, leading to stress, protein and DNA
damagel'?l. Chemically active oxygenated metabolites
such as superoxide anion (O?"), hydrogen peroxide
(H,0,), and hydroxyl radicals (-OH) are produced by
ROS during aerobic metabolism. Since the brain is the
largest aerobic organ in the human body and contains
oxidizable substances such as dopamine and lipids,
the brain will cause an increase in oxidative stress
after being exposed to irradiation. Irmak et al. ¥
found that (SOD) and
glutathione peroxidase (GSH-Px) caused 30 min or

superoxide dismutase
60 min of irradiation by studying the level of
oxidative stress in the fetal rat brain. The content
decreased and the malondialdehyde (MDA) content
increased. Moreover, low linear energy transfer (LET)
v rays and high LET carbon heavy ions also caused an
increase in MDA and H,O, content in the brain, a
decrease in GSH, and a decrease in SOD and GSH-Px
activity!®'¥. The anti-oxidation effect of dragon's
blood on irradiation is reflected in various parts of the
body. After the mice were subjected to y ray whole
body irradiation, the SOD, catalase (CAT) and GSH
levels in the liver and spleen of the groups of Dragon's
Blood and Dragon's Blood extract groups were
significantly increased. In addition, the level of
MDA in serum is significantly reduced '®). For the
whole brain irradiation model, the dragon's blood
protection group effectively increased the levels of
SOD and GSH while reducing the levels of MDA and
H,0, in the brain®. In the rat model of cerebral
ischemia, blood dropping pills can
significantly increase the activity of GSH-PX and

dragon's

SOD, reduce the level of MDA, decrease the excess
free radicals in rats, and induce the antioxidant
activity of lipid peroxidation!”.,
1.2 Inhibit the mitochondrial dysfunction
Mitochondria are a major natural cellular source
of ROS, Kim et al. '8 showed that mitochondrial
abnormalities are shown in unstable cells, and they
contribute to oxidative stress in irradiation-induced
genomic instability (RIGI) cells. After irradiation, the
rapid production of -OH may oxidize biomolecules
such as proteins or lipids in cells. These phospholipids
are located in the mitochondrial inner membrane and
are required for optimal activity of the electron
transport chain complex, including complexes I and
III. Therefore, shortly after irradiation, a strong
release of -OH may damage mitochondria by
peroxidation of these phospholipids within a few
hours!"’l. Loureirin B extracted from Dragon's Blood
could inhibit ER stress-induced mitochondrial
dysfunction and activate the Akt/GSK-3p pathway,
which has a positive effect on axonal regeneration and
motor function recovery?",
1.3 Reduce the levels of inflammatory effects
Greene-Schloesser et al. 2!l summarize changes
in levels of related inflammatory factors in the brain
after irradiation including: a. Upregulation of MCP-1/
CCL2 and MIP-2/CXCL2 mRNA levels; b. Increased
expression of pro-inflammatory molecules such as
TNF-a, IL-1B, ICAM-1 and Cox-2; c. Activation pro-
inflammatory transcription factors such as NF-«B; d.
Acute infiltration of neutrophils and delayed increase
in T cells, MHC II positive cells, and CD-11c positive
cells. The levels of transcription of inflammatory
cytokines, activated microglia and activated
endothelial cells are strongly dependent on the
metering and timing of irradiation?. Activated
immune cells should be regulated to protect neurons
from damage, but over-activated immune cells are
toxic and it can be observed that irradiation-activated
microglia can cause immune cells to infiltrate into the
brain tissues, and then produce ROS, which in turn
activates more microglia and induces more neural
cells to maintain or increase oxidative stress levels.
These findings indicate that the positive effects of
traditional Chinese medicines with anti-inflammatory
drugs and antioxidants would play roles in preventing
or treating irradiation-induced neuroinflammation.
Xin et al.P! observed under the whole brain irradiation
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model that dragon's blood can significantly reduce the
levels of inflammatory cytokines such as TNF-a, INF-
v and IL-6 levels induced by irradiation in the brain
tissues. Choy et al. 1 used dragon's blood ethanol
extract to effectively inhibit endotoxin-induced NO,
PGE 2, IL-1B and TNF-a release, as well as iNOS,
p65 and COX-2 expression.

2 Drgon’s blood promotes neuronal cells
regeneration

As an inhibition of apoptosis and regeneration of
neuronal cells, Brain Derived Neurotropic Factor
(BDNF) is abundant in the hippocampus and plays an
important role in learning and memory. Irradiation can
significantly decrease the level of BDNF expression
in the mouse hippocampus¥. This leads to increased
activations of Caspase proteins and memory
deficits*23), Our previous research had shown that
Dragon's Blood could significantly increase the
expression of BDNF levels and reduce caspase 3
levels, at 24 h, 3 d and 7 d compared with gamma
irradiation groups®.

3 The possible molecular mechanism of
Dragon’s Blood as an irradiation protectant

The protection effect of Dragon's Blood from
brain damage under irradiation conditions mainly
comes from its control of oxidative stress level and
Under
conditions, NF-«xB is masked by the inhibitory protein

inflammation  level®. non-stimulated
IkB-a, so the inactivated NF-«kB cannot be transferred
to the nucleus. However, NF-«B is transferred to the
nucleus under the stimulation of activators such as
IL-1B, TNF-a or cytokines. The mechanism is that
NF-«B phosphorylates its inhibitory protein IkB- a,
and then targets IkB-o for ubiquitination and
degradation’l. Choy et al. 3 found that cytosolic
IkB- a elevation and nuclear NF- kB decreased in a
lipopolysaccharide-stimulated RAW 264.7 cell treated
with Dragon's Blood Extract (SDEE). This result
indicated that SDEE may prevent inflammation by
inhibiting NF-kB-mediated inflammatory genes such
as iPS and COX-2. Li et al.”?"! found that dragon's
blood can block the synthesis and release of P (a well-
known tachykinin peptide) by inhibiting COX-2
protein  induction and intracellular  calcium
concentration, thereby exerting anti-inflammatory and

analgesic effects.

Our previous research work described the

oxidative  stress,  mitochondrial  dysfunction,

aggregation
abnormalities and endogenous neurotoxins involved

inflammation, alpha-synuclein
in the pathogenesis of Parkinson's disease (PD), and

explained the intrinsic relationship of these
factors®*?], Briefly, this is a destructive feedback
loop that includes three cycles, including: a. Oxidative
stress aldehydes produced by lipid peroxidation can
react with dopamine to form endogenous neurotoxins
and may avoid oxide scavenging mechanisms; b.
aldehydes,

neurotoxins and/or damaged mitochondrial DNA,

Continuously  produced endogenous
passively released from the intracellular space of
damaged cells into the extracellular space, thereby
inducing microglia and astrocytes activation, which
enhances T cell infiltration, causes inflammation to
exacerbate oxidative stress, thereby permanently
forming endogenous neurotoxins; and c. Activation of
microglia and astrocytes by inflammation greatly
reduces their ability to clear abnormal alpha-
synuclein. Abnormal alpha-synuclein inclusion bodies
act as antigens to further induce inflammation and
exacerbate oxidative stress levels, which again
promote the formation of endogenous neurotoxins 281,
This causes us to think about the situation of radiation-
induced brain damage and related neuroinflammation.
Oxidative  stress, inflammatory reaction and
mitochondrial damage in the brain after irradiation
damage promote the occurrence of
neuroinflammation, and
reinforcing process. There have been few reports on
radiation-induced endogenous neurotoxins, and we
can be certain that endogenous neurotoxin formation
may not occur preferentially after irradiation damage
to the brain tissues, however, endogenous neurotoxins
are most likely involved in the long-term effects of
radiation-induced nerve injury or
Therefore, endogenous
participate in this injury process requires further

research.

may

there is a mutually

inflammation.

whether neurotoxins

4 Conclusion

The increase in irradiation leakage exacerbates
the possibility of neuroinflammation. As we all know
neuroinflammation plays an important role in the
pathogenesis of various neurodegenerative diseases
including Parkinson's disease and Alzheimer's disease.
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Although there is no causal relationship between
radiation and neurodegenerative diseases, receiving
high doses of ionizing radiation on the head can lead
to a series of neural inflammatory effects and
behavioral changes including loss of pleasure,
decreased desire to explore, and learning and memory
impairment. Therefore, the development of anti-
inflammatory and anti-oxidant traditional Chinese
medicine plays an important role in preventing
radiation-induced neuroinflammation. Dragon's blood

is one of them, and a large number of studies have

shown that it works well in the treatment of
inflammation (Figure 1). However, at present, the
research on irradiation protection of dragon's blood is
mainly based on phenomena, and its mechanism of
action has not been deeply studied. Therefore, we
should focus on the research on dragon's blood
protection mechanism to provide strong conditions for
more efficient drug screening. At the same time, the
role of endogenous neurotoxins in radiation-induced

neuroinflammation should also be fully studied.

Irradiation
Dragon's blood
Mitochondrial Oxidative Inflammatory Neuronal cells
dysfunction stress effects regeneration
| | ] |
Neuroprotection

Fig. 1 Protective effects of Dragon’s Blood in irradiation-induced neuroinflammation
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