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Background: With the development of radiological technologies, radiotherapy has been gradually widely 
used in the clinic to intracranial tumours and become standardised. However, the related central nervous 
system disorders are still the most obvious complications after radiotherapy. This study aims to quantify the 
effectiveness of anlotinib, a small molecule inhibitor of multiple receptor tyrosine kinases, in mitigating acute 
phase of radiation-induced brain injury (RBI) in a mouse model.
Methods: The onset and progression of RBI were investigated in vivo. All mice, (except for the sham 
group) were irradiated at a single-fraction of 20 Gy and treated with different doses of anlotinib (0, 0.2 and  
0.8 mg/kg, respectively). The expression levels of glial fibrillary acidic protein (GFAP), hypoxia-inducible 
factor-1α (HIF-1α), vascular endothelial growth factor (VEGF), and phosphorylated vascular endothelial 
growth factor receptor-2 (p-VEGFR2) were assessed by western blot. Histological changes were identified 
by luxol fast blue (LFB) staining.
Results: The expression levels of GFAP, HIF-1α, and VEGF were downregulated following treatment 
with anlotinib. However, anlotinib failed to inhibit the development of demyelination. Cerebral edema [as 
measured by brain water content (BWC)] was also mitigated following treatment with anlotinib.
Conclusions: In summary, treatment with anlotinib significantly mitigated the adverse effects of acute RBI 
in a dose-dependent manner by downregulating the activation of astrocytes, improving brain hypoxia, and 
alleviating cerebral edema.
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Introduction

At present, radiotherapy is one of the most common forms 
of treatment for various malignant tumours of the central 
nervous system (CNS). Previous studies have demonstrated 
that, despite its effectiveness in reducing tumour growth, 
radiation can induce significant brain injury after treatment (1).  
Radiation-induced brain injury (RBI) can be divided 
into three phases: acute (within 2 weeks following the 
initiation of radiotherapy), early-delayed (2–6 months after 
radiotherapy), and late-delayed (several months up to a few 
years after radiotherapy) (1,2). Yet, despite enormous efforts, 
the exact pathophysiological mechanism of RBI remains 
elusive. Parenchymal damage (1), vasogenic damage (3-5),  
autoimmune response (6), astrocytic response (7), and free 
radical damage (8) have been widely asserted Previous 
research on RBI referring to the vasculature, glial cells, and 
hypoxia (or a combination of these), have already benefited 
from rodent models with single or fractionated radiation dose 
schedules (9-11).

Deng et al. (8) investigated X-ray results in time-
dependent activation of astrocytes in irradiated mice brains. 
Astrocyte could be specifically labeled by glial fibrillary 
acidic protein (GFAP) (12,13). It is well established that 
activated astrocytes participate in RBI through the secretion 
of cytokines such as vascular endothelial growth factor 
(VEGF) and hypoxia-inducible factor-1 (HIF-1) (14).  
Transmission of essential signals under associated hypoxia 
after irradiation is mediated by HIF-1 (11), which is 
composed of the basic proteins HIF-1β and HIF-1α, and 
is rapidly degraded under normoxia (15,16). Under normal 
physiological conditions, VEGF is capable of regulating 
angiogenic processes and exerts biological effects mainly 
by integrating with vascular endothelial growth factor 
receptor-2 (VEGFR2) (17-20). Contrary to the conventional 
wisdom, the overexpression of VEGF is correlated with 
high-level permeability across the endothelial barrier and 
accelerates vascular dysfunction of the blood-brain barrier 
(BBB), resulting in associated cerebral edema, further 
prompting the occurrence and development of RBI (21).

Prev ious  s tud ie s  have  a l ready  conf i rmed  the 
effectiveness of the application of bevacizumab (Roche, 
Basel, Switzerland), an anti-VEGF antibody, alone or in 
combination with other agents, in relieving the associated 
complications of radiotherapy (22-25). Therefore, it 
remains possible that similar therapeutic effects could also 
be achieved with VEGF receptor inhibitors. However, 
to our knowledge, researchers have only rarely examined 

the therapeutic effects of using an anti-VEGFR antibody 
(such as anlotinib) on RBI. Anlotinib is a small molecule 
inhibitor of multiple receptor tyrosine kinases, and exerts 
high selectivity for VEGFR2 (26). It is clinically significant 
in the treatment of many malignant tumours, and works 
by inhibiting the VEGF cascade signaling pathway and 
blocking the phosphorylation of VEGFR2 (27,28). Clinical 
phase III trials of anlotinib have been completed in China 
(29,30), and clinical phase II or III trials for various 
sarcomas and carcinomas are ongoing (26).

In this study, we established an RBI model in mice 
(irradiated with a single-fraction of 20 Gy), which could 
be confirmed via detection of the S100 calcium-binding 
protein B (S100B). Additionally, we evaluated the changes 
in demyelination, neuroglia activation, hypoxia, and 
microvascular permeability following treatment with 
anlotinib. We present the following article in accordance 
with the ARRIVE reporting checklist (available at http://
dx.doi.org/10.21037/apm-20-2284).

Methods 

Animals and ethical approval

In total, 50 mice [C57 black 6 (C57BL/6), male, aged 
6–8 weeks, weight 20±5 g at the time of irradiation] were 
purchased from Jinan Pengyue Bioscience Co., Ltd. (Jinan, 
Shandong, China). The animals were housed three to 
five per cage, in a pathogen-free environment (22±3 ℃, 
45–55% humidity, and a 12-h light-dark cycle), ad libitum 
to water and food until the experiment was conducted. All 
experimental procedures were conducted in accordance 
with the National Research Council Guide for the Care 
and Use of Laboratory Animals and were approved by the 
Ethics Committee of Binzhou Medical University (No. 
20191101-11).

Whole-brain irradiation and experimental design

The RBI mouse model was successfully achieved in the 
pre-experiments via whole-brain irradiation with a single-
fraction of 20 Gy (50% isodose). Mice were randomized 
into four groups, with 10 mice in each group: (I) sham 
group; (II) irradiation group (IR group); (III) irradiation 
+ anlotinib low dose treatment group (AL group); (IV) 
irradiation + anlotinib high dose treatment group (AH 
group). All of the mice were anesthetized by intraperitoneal 
injection with 1% pentobarbital (50 mg/kg) prior to the 
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initiation of radiation. The mice in the IR, AL, and AH 
groups were restrained in the sternal recumbent position 
on a treatment table and underwent whole-brain irradiation 
with 20 Gy, 6 mv X-ray delivered by a linear accelerator 
(Varian, Palo Alto, CA, USA).

Anlotinib stock solution (Chia Tai Tianqing, Nanjing, 
Jiangsu, China) was prepared in saline. Mice in the AL and 
AH groups were then treated with the prepared anlotinib-
saline stock solution (0.2 mg/kg, 0.8 mg/kg, respectively); 
oral administration, once daily for 14 successive days. Brain 
tissue sampling was conducted at 3, 7, and 14 days after 
the initiation of irradiation. For histological examination, 
the mice were anesthetized with pentobarbital, then 
intracardially perfused with heparinized saline until the 
colorless fluid was obtained. Brain tissue was dissected and 
subsequently submerged in 10% neutral formalin for 24 h  
at 4℃. The tissue was then dehydrated, embedded in 
paraffin, and 4 μm sections were taken. For western blot and 
enzyme-linked immunosorbent assay (ELISA), anesthetized 
mice were killed by cervical dislocation, and brain tissue was 
stored at −80 ℃ until processing.

Enzyme-linked immunosorbent assay (ELISA)

S100B expression was determined using an ELISA Kit 
(Abcam, Cambridge, UK). The samples were weighed 
and then minced into small pieces, and subsequently 
homogenized in chilled 1× cell extraction buffer (1 mL 
is appropriate for 100 mg tissue pieces) with a glass 
homogenizer. They were then incubated on ice for  
20 minutes. Next, the supernatant were obtained after 
centrifugation for 20 minutes at 18,000 ×g. 50 µL supernatant 
of sample (diluted 10 times) was added to the appropriate 
wells. Next, 50 µL of antibody cocktail was added to each 
well in the same measure, and incubated for 60 minutes 
at room temperature on a plate shaker set to 400 rpm,  
covered with an adhesive strip. Immediately following this, 
each well was washed with 1× wash buffer three times and 
incubated with 100 µL of tetramethyl benzidine (TMB) 
development solution for 5 minutes, protected from light. 
Finally, termination was achieved with the addition of stop 
solution, and the absorbance was measured at 450 nm using 
a microtiter plate reader within 15minutes.

Determination of brain water content (BWC)

BWC was measured using the wet/dry (W/D) weight 
method to quantify the degree of cerebral edema. After 

dissection, the brain tissue was immediately weighed in 
order to obtain the wet weight (WW) using an electronic 
analytical balance. Obtaining the dry weight (DW) involves 
the placement of brain tissue in an oven at 110 ℃, for 
12 hours, which is subsequently weighed again using the 
same method. The actual BWC was estimated using the 
following formula: BWC(%) = (WW–DW)/WW × 100%.

Luxol fast blue (LFB) staining

For histological studies, all staining methods were 
performed on formalin-fixed, paraffin-embedded sections. 
Three sections were counted per animal for a minimum 
of three animals in each group. Tissue sections were 
immersed into preheated LFB dye solution at 65 ℃ for  
4 hours. Subsequently, tap water was used for rinsing, and 
all sections were cooled to ambient temperature. Sections 
were then treated with lithium carbonate differentiation 
liquid for 2 seconds, followed by gradient alcohol and 
xylene dehydration.

Western blot

To confirm the changes in GFAP, HIF-1α, VEGF, and 
phosphorylated vascular endothelial growth factor 
receptor-2 (p-VEGFR2), we performed western blotting. 
The brain samples were weighed and placed into a 
homogenizer to be ground into tissue homogenate. For 
protein extraction, the tissue was homogenized with 10 
volumes of ice-cold radio-immunoprecipitation assay 
(RIPA) buffer (Beyotime, Shanghai, China) containing 
protease inhibitors. The supernatant was collected 
after centrifugation at 4 ℃ for 20 minutes at 13,000 ×g, 
and the total protein concentration was detected using 
a bicinchoninic acid (BCA) kit (Beyotime, Shanghai, 
China). Equal amounts of protein from each fraction were 
separated by 10% sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) for 30 minutes at 80 V, 
followed by 100 minutes at 120 V, and then transferred to 
the polyvinylidene fluoride PVDF membrane (Biosharp, 
Hefei, Anhui, China) for 120 minutes in a transfer buffer. 
Non-specific binding sites were blocked by 7% skim 
milk for 120 minutes, and the membrane was incubated 
overnight with specific antibodies at 4 ℃ for 12 hours. 
Rabbit anti-GFAP (Abcam, Cambridge, UK), Rabbit anti-
HIF-1α (Bosterbio, Pleasanton, CA, USA), Rabbit anti-p-
VEGFR2 (Abcam, Cambridge, UK), and Rabbit anti-β-
actin (Huabio, Hangzhou, Zhejiang, China) were used. The 
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membranes were washed three times for 10 minutes with 
the mixture of tris-buffered saline and tween 20 (TBST) 
and then incubated for 60 minutes with Goat anti-Rabbit 
antibody (Huabio, Hangzhou, Zhejiang, China) at room 
temperature. The immunoblots were evaluated by efficient 
chemiluminescence plus (ECL-plus) reagent (Beyotime, 
Shanghai, China).

Statistical analysis

All of the data were expressed as mean ± standard deviation 
(SD) using SPSS 17.0 software (SPSS, Chicago, IL, USA). 
One-way analysis of variance (ANOVA) was employed to 
analyze differences among the groups at different time 
points, followed by the Tukey multi-comparison test. 
*P<0.05 or **P<0.01 were considered statistically significant.

Results

Upregulation of S100B after irradiation

At 1 day after irradiation, the expression of S100B in the 
brains of the mice was detected using ELISA to confirm 

the construction of the RBI model in the pre-experiment. 
As shown in Table 1, the expression level of S100B in the 
IR group was significantly increased compared to the sham 
group (**P<0.01).

Anlotinib alleviated cerebral edema after irradiation

We quantified the degree of irradiation-associated cerebral 
edema by measuring the BWC (Table 2). Compared to the 
sham group, whole-brain irradiation induced a significant 
increase in BWC in the IR group at any time point (*P<0.05 
at 3 and 7 days; **P<0.01 at 14 days). Furthermore, BWC 
was significantly lower in both Anlotinib treated groups 
during the entire observation period compared to the IR 
group (*P<0.05). However, only a slight difference was 
observed between the AL and AH group at 3 and 7 days 
(*P<0.05), while a significant difference was detected at  
14 days (*P<0.05). This phenomenon indicates the 
involvement of anlotinib in reducing irradiation-induced 
cerebral edema. Moreover, we observed a gradually increase 
in the BWC from 3 to 7 days, and a sharp increase from 7 
to 14 days in all groups except for the sham group. 

Pathological changes in myelin sheath structure

We also performed LFB staining for myelin sheath of 
irradiated mice brain at 3, 7, and 14 days to investigate 
whether anlotinib has a role in preventing demyelination after 
irradiation. The normal structure of the myelin sheath was 
observed in the sham group, with no significant demyelination 
(Figure 1). In the IR group, significant disruption was initially 
observed at 3 days, characterized by ruptured myelin, and 
became more prominent as time progressed. However, there 
was no apparent reduction of demyelination in both the AL 

Table 1 Significant upregulation of S100 calcium-binding protein B  
(S100B) after irradiation in the pre-experiment

Groups
Concentration of S100B (ng/mg)  

(mean ± SD)
N

Sham group 14.51±1.05 3

IR group 40.93±0.64a 3
a, compared to the sham group, a significant increase in S100 
calcium-binding protein B (S100B) was detected in the irradiation  
group (IR group) (P<0.01).

Table 2 Anlotinib alleviated the development of brain water content (BWC) in a dose-dependent manner

Days (d)
Brain water content (×100%) (mean ± SD)

N
Sham group IR group AL group AH group

3 71.79±1.18 76.50±0.62a 74.74±1.42 73.54±1.40 3

7 72.81±0.76 80.68±1.83b 78.27±1.40b 76.81±1.75b 3

14 72.27±1.15 93.73±2.16c 86.74±2.95d 80.75±2.37d 3
a, compared to the sham group, a significant increase in brain water content was detected in irradiation group (IR group) at day 3 (P<0.05); 
b, compared to the sham group respectively, a significant increase in brain water content was detected in IR group, anlotinib low dose 
treatment group (AL group) and anlotinib high dose treatment group (AH group) at day 7 (P<0.05); c, compared to the sham group, a  
significant increase in brain water content was detected in IR group at day 14 (P<0.01); d, there was a significant difference between the 
AL group and the AH group, with lower brain water content detected in the AH group at 14 days after irradiation (P<0.05).
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and AH groups compared to the IR group.

Treatment with anlotinib downregulated the expression of 
GFAP and HIF-1α

To further explore RBI, we performed western blotting to 
investigate the expression and relationship between GFAP 
and HIF-1α in the mice sacrificed at 3, 7, and 14 days 
after irradiation. As shown in Figure 2A, the expression 
of GFAP in the IR group was the highest among the four 
groups (*P<0.05, respectively). In the IR group, there 
was an apparent elevation in GFAP expression from 3 
to 7 days after irradiation, followed by a lower level at  
14 days (*P<0.05). As for the anlotinib treatment groups, the 

reduction in the expression of GFAP was more significant 
in the AH group compared to the AL group (*P<0.05).

We also examined the irradiation-induced protein 
expression of HIF-1α, a responsive-gene of hypoxia. Similar 
to the results of GFAP, the expression of HIF-1α was 
significantly increased as early as 3 days after irradiation, 
reaching a peak at 7 days, followed by a reduction at  
14 days (except in the sham group). As shown in Figure 2B, 
the expression of HIF-1α in the IR group was significantly 
upregulated after irradiation relative to the sham group 
(*P<0.05), and was significantly decreased in the AL group 
compared with the IR group (*P<0.05). Moreover, at  
14 days after irradiation, the AH group exhibited a 
noticeably greater decrease in the expression of HIF-1α 
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Figure 1 Disruption of the myelin sheath structure (by using LFB staining). (n=3, original magnifications ×200). (A,B,C) Normal myelin 
sheath structure of the sham group; (D,E,F) ruptured myelin of the irradiation group (IR group) at 3, 7, and 14 days after irradiation (examples 
indicated by arrows); (G,H,I) ruptured myelin of the anlotinib low dose treatment group (AL group) at 3, 7, and 14 days after irradiation 
(examples indicated by arrows); (J,K,L) ruptured myelin of the anlotinib high dose treatment group (AH group) at 3, 7, and 14 days after 
irradiation (examples indicated by arrows).
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than both the IR (*P<0.05) and the AL group (*P<0.05), yet 
was still higher than the sham group (*P<0.05).

Anlotinib upregulated the expression of VEGF by over-
inhibiting the phosphorylation of VEGFR2

Given the critical role of the VEGF/VEGFR2 signaling 
cascade in the RBI model, we further evaluated the 
expression in p-VEGFR2 (Figure 3A) and the level of 
VEGF (Figure 3B) by western blot. The IR group exhibited 
increased levels of p-VEGFR2 at 3, 7, and 14 days after 
irradiation; markedly higher than those in the sham group 

(*P<0.05). Moreover, the level of p-VEGFR2 increased 
progressively over time, and was correlated with the 
upregulation of VEGF, suggesting involvement of the 
VEGF/VEGFR pathway in the acute early phase of RBI. 
Contrary to the results in the IR group, treatment with 
anlotinib was associated with a significant reduction in the 
level of p-VEGFR2 up to 14 days after irradiation (*P<0.05). 
It could be seen that in the IR group, the expression of 
VEGF peaked at 7 days after irradiation, while both the 
AL and AH group remained at increasing levels at this 
time point, and reached a peak at 14 days. Quantitative 
differences existed in the expression of VEGF following 
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Figure 2 Effects of whole-brain irradiation on protein expression of glial fibrillary acidic protein (GFAP) and hypoxia-inducible factor-1α  
(HIF-1α) in the brains of mice. Quantitative analysis of GFAP and HIF-1α was carried out using the Tukey multi-comparison test (n=3, 
mean ± SD). (A) Expression of GFAP at 3, 7, and 14 days after irradiation; (B) expression of HIF-1α at 3, 7, and 14 days after irradiation. *, 
P<0.05 compared to the sham group; the irradiation group (IR group) vs. the anlotinib low dose treatment group (AL group), *P<0.05; the 
AL group vs. the anlotinib high dose treatment group (AH group), *P<0.05.
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treatment with different doses of anlotinib, implying a 
higher level for the AL group at any time point (*P<0.05).

Discussion

At present, radiotherapy is used widely in the treatment 
of malignant tumours in the CNS, as the radiotherapeutic 
fields inevitably involve irradiation of the focal normal brain, 
which can result in major adverse effects (such as RBI) (31).  
Previous studies have reported that neuronal necrosis, 
demyelination, neuroglia activation, hypoxia, and disruption 
of the BBB are prominent features of acute-phase RBI, 

occurring within two weeks after irradiation (1,2,11,32,33). 
Clinically, these changes may be responsible for a series of 
complications, such as progressive neurocognitive deficits, 
hemodynamic disorders, and cerebral edema-induced 
elevated intracranial pressure (34,35). Due to the inevitable 
complications, efforts have been under taken to elucidate 
the pathogenic mechanisms of radiation-associated injury. 
Accordingly, rodent models irradiated with X-ray present 
a unique opportunity to explore the pathogenesis of RBI, 
and have achieved early success in the development of 
efficacious therapies (2). Bevacizumab is a specific anti-
VEGF antibody that has been shown to be effective in 

Figure 3 Effects of whole-brain irradiation on protein expression of phosphorylated vascular endothelial growth factor receptor-2 
(p-VEGFR2) and vascular endothelial growth factor (VEGF) in the brains of mice. Quantitative analysis of p-VEGFR2 and VEGF was 
carried out using the Tukey multi-comparison test (n=3, mean ± SD). (A) Expression of p-VEGFR2 at 3, 7, and 14 days after irradiation; (B) 
expression of VEGF at 3, 7, and 14 days after irradiation. *, P<0.05 compared to the sham group; the irradiation group (IR group) vs. the 
anlotinib low dose treatment group (AL group), *P<0.05; the AL group vs. the anlotinib high dose treatment group (AH group), *P<0.05.
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inhibiting the progress of RBI; thus a similar therapeutic 
effect remains possible with the anti-VEGFR antibody, 
anlotinib. 

In the present study, we investigated the pathology 
of acute RBI over time by establishing an RBI model in 
mice, which was evaluated by western blotting and ELISA, 
and compared to those with anlotinib treatment after 
irradiation. To determine whether the brain injury model 
was successfully constructed, the expression level of S100B 
was detected in the pre-experiment. Donato (36) asserted 
that S100B is mostly secreted by mature astrocytes and is 
identified with little expression under normal physiological 
conditions. Furthermore, since it is not expressed 
extracranial tissue, S100B is a promising potential marker 
for the diagnosis of various CNS disorders, including 
ischemic, traumatic, and degenerative injuries (37-40). In 
our study, we observed significant overexpression of S100B 
in irradiated mice brain. Therefore, whole-brain irradiation 
at a single-fraction of 20 Gy can induce radiological brain 
injury.

We quantified the severity of irradiation-associated 
cerebral edema by using tissue W/D ratio, which is one of 
the most reliable and intuitive approaches (41). According to 
the results, the progression of cerebral edema was inhibited 
after applying anlotinib. Furthermore, a positive correlation 
between the degree of cerebral edema and the expression 
of VEGF was observed. VEGF has been found to be a 
proangiogenic factor, however in the development of RBI, 
which confirmed as a crucial factor leading to abnormal 
angiogenesis with high permeability and breakdown of 
BBB (42,43). Consequently, pathological levels of VEGF 
inevitably result in vasogenic cerebral edema (44), which 
was consistent with our data in the anlotinib treated groups. 
Also, Ma et al. (45) showed that thrombosis could be 
observed from 3 to 7 days after irradiation, while thrombus 
recanalization is first achieved at 14 days. In combination 
with the histological results, they believed that the sharp 
increase in BWC at 14 days after irradiation not only results 
from the over-expression of VEGF, but also with thrombus 
recanalization.

Using a rat model of post-irradiation CNS damage, 
Nordal et al. (11) demonstrated the temporal-spatial 
relationship between activated astrocytes (identified by 
GFAP expression), the expression level of HIF-1α, and 
its downstream target VEGF. They showed that cells 
producing both HIF-1α and VEGF were identified as 
astrocytes, and the initial time points and expression 
pattern over time are considered highly coincident. 

Furthermore, Nonoguchi et al. (5) argued that VEGF-
positive astrocytes concentrated in hypoxic areas might be 
oneoftheprimecausesofirradiation-associatedcerebralede
maandadverse effects after irradiation. Chávez et al. (46) 
constructed a rat model of chronic hypoxia, and showed 
that activated astrocytes exhibited HIF-1α, along with the 
induction of VEGF. Taken together, these studies focused 
our attention on VEGF and its upstream protein signaling 
in response to irradiation.

Our results exhibited a parallel relationship between 
the expression of GFAP and HIF-1α, with obvious 
downregulation after treatment with anlotinib in a 
significantly dose-dependent manner. The expression 
value presented a single peak pattern, appearing at 7 days 
after irradiation. However, the expression of VEGF was 
consistent with both GFAP and HIF-1α only in the IR 
group. In contrast, the expression of VEGF remained 
elevated up to 14 days after anlotinib treatment. The 
downregulation of p-VEGFR2 was also in contrast with 
the upregulation of VEGF in the anlotinib treated groups. 
So, we contend that anlotinib effectively alleviated post-
irradiation injury by inhibiting the GFAP/HIF-1α/VEGF/
VEGFR2 pathway. As stated previously, by upregulating 
the permeability of microvasculature the pathological level 
of VEGF induces cerebral edema, simultaneously causing 
a microcirculatory obstruction as well as hypoxia. This 
leads to further over-activation of the HIF-1α/VEGF/
VEGFR2 signaling pathway, which could generate a 
vicious cycle between edema and hypoxia. Likewise, it has 
been shown that an activated HIF-1α/VEGF/VEGFR2 
signaling pathway results in hypoxia and pathological high-
permeability angiogenesis of malignant tumours (47,48). 
Given that HIF-1α contributes to acquire resistance against 
anti-VEGF therapy, the use of an anti-VEGFR antibody 
presents as a potential treatment strategy for several 
tumours (49). Anlotinib, as a small molecule inhibitor of 
multiple receptor tyrosine kinases, can inhibit the VEGF/
VEGFR2 pathway, resulting in normalization of the 
tumour vasculature and improving internal oxygen supply. 
Thus we assert that, in the RBI model, downregulation 
of HIF-1α in both the AL and AH groups might benefit 
from the effectiveness of anlotinib in improving internal 
oxygen supply. We speculate that the reduction of activated 
astrocytes may also participate in downregulating HIF-
1α, resulting from the decreased oxygen consumption. 
However, the exact mechanism in the downregulation of 
GFAP is not evident from the previous literature or our 
study, and further research is required.
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According to our data, anlotinib undoubtedly exerts its 
role as an inhibitor of VEGF-stimulated phosphorylation 
of VEGFR2 in a concentration-dependent way. Hence, 
we contend that this might responsible for the negative 
feedback enhancement of VEGF secretion. Although 
the expression of the VEGF protein was stimulated with 
anlotinib treatment in both the AL and AH groups, neither 
of them remained higher compared to the IR group. 
However, in this study, only acute clinical manifestations 
have been investigated whether the expression level of 
VEGF will increase sharply even higher than the IR group 
is not entirely clear. Anlotinib has been used in clinical 
practice for only a short time, and its application is still 
limited. In our study, anti-VEGFR therapy obtained 
therapeutic benefits in the mouse RBI model, and is worthy 
of more extensive investigation and broader exploration of 
the deeper mechanisms.

Conclusions

Whole-brain irradiation at a single-fraction of 20 Gy 
induced severe acute brain impairment in the mouse 
model, causing over-activation of astrocytes, hypoxia, 
demyelination, and irradiation-associated cerebral edema, 
which lasted for up to 14 days. However, treatment with 
anlotinib significantly mitigated the adverse effects of 
acute RBI in a dose-dependent manner by downregulating 
the activation of astrocytes, improving brain hypoxia, and 
alleviating cerebral edema. Although, anlotinib failed to 
inhibit the development of demyelination.
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