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Therapeutic mechanism of 32P application combined with 
timolol maleate for infantile superficial hemangioma 

INTRODUCTION 

Pediatric hemangioma (IH) is a neoplasia of               
endothelial cells that grows after birth and often              
regresses spontaneously (1). IH is a benign tumor of 
endothelial cells, characterized by proliferation in 
infancy and then spontaneous aging in the following 
5-10 years, often leaving fibrous fat residue, atrophic 
scar formation or telangiectasia (2). The incidence of 
IH in infants ranges from 4% to 10%. Common sites 
for hemangiomas include the periorbital,                         
oropharyngeal, preauricular, or parotid regions. 
These hemangiomas require early and effective  
treatment to prevent permanent sequelae (3). The 
proportion of hemangiomas is associated with its 
incidence in infants and children (4). At present, there 
are few treatment options, and corticosteroids have 
always been the first-line drugs for IH system                
treatment (5). More recently, oral propranolol, a               
nonselective beta blocker, has become an alternative 
drug for the treatment of IH (6). Both corticosteroids 
and propranolol may cause significant systemic            
adverse reactions (7). Recently, timolol maleate, a 
nonselective beta blocker, has been reported as a 
potential novel topical agent for the treatment of IH (8

-10). 
This study investigates the effect of thiomolol  

maleate combined with 32P application on the levels 
of circulating Vascular endothelial growth factor 
(VEGF) and Basic fibroblast growth factor (bFGF) in 
infants with cutaneous hemangioma, and then                
therapeutic effect of 32P application combined with 
timolol maleate on superficial hemangioma in infants 
was revealed. The objective of this study us to               
explore the therapeutic mechanism of 32P application 
combined with timolol maleate for superficial               
hemangioma in infants and young children. The             
novelty of this study lies in the combined application 
of non-selective β-blocker timolol maleate eye drops 
and 32P application in the treatment of infantile             
hemangioma, to explore the synergistic therapeutic 
effect of the combination of the two drugs. 

 
 

MATERIALS AND METHODS 
 

Experimental materials and, experimental animals 
60 healthy SPF grade BALB/c-nu female nude 

mice, aged 15-20 days and weighing 15-20g                  
were purchased from Beijing Vital River Co., Ltd.               
All experimental animals were fed in a                              
constant-temperature laminar flow ward under the 
condition of 25°C and 75%RH. This study has been 
approved by the Animal Ethics Committee of our unit 
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(2019-1205A). 
 

Source of hemangioma tissue 
The hemangioma tissue samples were derived 

from proliferative hemangioma tissues of infants and 
young children resected by oral and maxillofacial 
surgery at the Affiliated Stomatological Hospital of 
China Medical University from February 15 to 18, 
2019. None of the patients offering the sample had 
undergone other treatments before the surgery, and 
the samples were obtained after obtaining the               
approval of the patients’ family and the Medical             
Experimental Ethics Committee of China Medical  
University. A small portion of the experimental             
sample was resected for pathological examination, 
which was confirmed to be infantile superficial             
hemangioma in the proliferative period (refer to  
Mulliken classification criteria). The collected          
samples were transported to the laboratory in a            
low-temperature and sterile environment. 

 
METHOD 
Establishment of hemangioma model in nude mice 
and experimental grouping 

After processing the hemangioma tissues with 
normal saline, the damaged part of the tumor edge 
and fibrous adipose tissue was removed, and cut into 
tissue pieces of uniform dimension 
(4mm×4mm×3mm), and then transplanted to the 
back of nude mice under sterile environment,                 
followed by conventional suture. Estradiol benzoate 
injection at a dose of 0.2 mg was given every 2 days, 
for 24 consecutive days. 

After the construction of hemangioma model in 
nude mice, 60 female rats were randomly divided 
into control group, timolol maleate administration 
group (administration group), 32P application                  
and timolol maleate co-administration group                    
(co-administration group), 20 animals in each group. 
In the drug group, 0.5% timolol maleate eye drops 
(Wuhan Tiantianming Pharmaceutical Co., Ltd.,               
approval number: National Drug Approval 
H20045947, specification: 12.5mg/5ml) were applied 
locally to the lesion area of hemangioma, once in the 
morning and once in the evening, at an interval of 
12h. For the co-administration group, apply 32P 
(provided by the pharmacy department of our                
hospital) to the affected area, calculate application 
dose according to the concentration of 0.925MBq/
cm2, remove the patch after 3 weeks, and apply 0.5% 
timolol maleate once in the morning and evening for 
3 consecutive weeks. The control group was smeared 
with normal saline every day at the same frequency 
as the administration group. 

 
Observation of the general situation of nude mice 

The general situations of nude mice in the control 
group, administration group and co-administration 
group were observed every day. The hemangioma 

size was measured. The maximum diameter a and the 
minimum diameter b of the tumor body were               
measured after 6 weeks to calculate the tumor              
volume. 

 
Observation of histopathological morphology of 
hemangioma in nude mice 

Nude mice were sacrificed by cervical dislocation. 
The transplanted tissue pieces were cut and fixed 
with 95% ethanol (Beyotime Biotechnology) for at 
least 1 day. Then, the tissues were subjected to              
processes of dehydration, paraffin embedding,                
sectioning, and baking at 68°C. After that, it was              
treated by dewaxing and hydration, that is,                    
soaking the slices in xylene solution (Beyotime                            
Biotechnology) for 10 min, in absolute ethanol              
solution for 10 min, in 95% and 90% ethanol solution 
for 5 min each), followed by soaking in distilled       
water, washing with hematoxylin aquacolor 
(Beyotime Biotechnology). Subsequently, it was           
immersed in hydrochloric acid (1% concentration) 
and alcohol for 10s, stained with eosin solution for 
25s, and placed in 80% ethanol for 2min, 95%             
ethanol for 5min, and absolute ethanol for 5min.         
After transparency by xylene solution (Beyotime  
Biotechnology), it was sealed with a neutral gum and 
dried. The seal sheet was placed under a microscope 
to observe the pathological changes of cortical             
structure of the mice in each group. 

 
Detection of the changes in EGFL7 and VEGF gene 
expression using RT-PCR method  

Total RNA of hemangioma tissue was extracted 
using conventional method (Trizol solution) (The kit 
was purchased from Shanghai Beyotime                          
Biotechnology). Taking mRNA as a template, the 
product cDNA was obtained via amplification and 
reverse transcription reaction system and stored              
at -20℃. Expression levels of EGFL7 and VEGF genes 
were detected by RT-PCR method. The PCR                  
amplification conditions were: pre-denaturation at 
94°C for 3 min, denaturation at 92°C for 25 s,                 
annealing at 60°C for 35 s, extension at 70°C for 30 s, 
for 40 cycles, and finally extension at 71°C for 50 s. 
The sample was loaded with 10 μL of the                      
amplification product and 6 μL of DGL-200 Maker at 
the same time, subject to 2.5% agarose gel                       
electrophoresis, followed by analysis of amplification 
results by the ultraviolet gel imaging system and          
taking pictures. The primer sets used in the study are 
shown in table 1. 

 

158 Int. J. Radiat. Res., Vol. 20 No. 1, January 2022 

primername Former primer Back primer Length (bp) 

EGFL7 
5′-GGAAGAGCTT 
CGACCAGCTG-3′ 

5′-GAGCCTTGT 
TAGTTTACAG-3′ 

132 

VEGF 
5′-AACCGAGCTT 
AGGCCAGCTG-3′ 

5′-AAGCCTTGA 
CGCGTTTACAG-3′ 

128 

GAPDH 
5′-CAGCATTGGA 
AGTGCTATGG-3′ 

5′-TAGAGCGAG 
TATGCATGACA-3′ 

138 

Table 1. Primer sequence design during PCR. 
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Analysis of Renin and Ang II expression levels by 
Western blot 

The hemangioma tissue was homogenized and 
transferred to a centrifuge at 8000 rpm, centrifuged 
at 4°C for 15 min to collect the supernatant and store 
it in an ultra-low temperature refrigerator at -80°C. 

After preparing 10% SDS-polyacrylamide                  
separation gel, the gel was placed on the                         
electrophoresis tank, and protein was extracted from 
the hemangioma tissue cells of each group for                 
electrophoresis. After electrophoresis, it was              
transferred to a polyvinylidene fluoride film, and 
sealed with 5% skim milk powder at room                 
temperature for 2 h. Then, the sample was washed, 
followed by addition of diluted (1:1000) protein            
antibody for reaction overnight at 4℃. After that, the 
solution was washed twice with TBST, each time  
lasted for 8min; then HRP-labeled secondary               
antibody (1:500) was added (The kit was purchased 
from Shanghai Beyotime Biotechnology) for reacting 
at 37℃ for 2h, then washed twice again with TBST for 
8min each time. In contrast, a negative control group 
was established, with GAPDH monoclonal antibody as 
the primary antibody and HRP labeled IgG as the  
secondary antibody. 

 
Statistical analysis 

The data in this study were all processed by 
SPSS20.0 statistical analysis software; the                  
measurement data were expressed by "mean ±   
standard deviation"; analysis of variance was taken 
for comparison between multiple groups, LSD-t test 
was used for comparison between two groups; the 
count data were expressed by percentage (%); 
P<0.05 means statistically significant difference. 

 
 

RESULTS 

 
Changes in mice body weight before and after           
administration 

The effects of 32P application and timolol maleate 
on the body weight of nude mice are shown in table 2. 
It can be seen from table 1 that the body weight of 
nude mice increased to a certain extent after timolol 
maleate administration compared with the control 
group, and the body weight gain was more obvious 
after co-administration of 32P application combined 
with single application of timolol maleate. Compared 
with the control group and single administration 
group, the difference was statistically significant 
(P<0.05). The comparison results of body weight of 
nude mice indicate that both single application of 
timolol maleate and combine scheme of 32P                 
application and timolol maleate produced a certain 
inhibitory effect on mice weight loss caused by            
hemangioma (table 2).  

The effect of 32P application combined with timolol 
maleate on hemangioma volume  

The effect of 32P application and timolol maleate 
on hemangioma volume of nude mice is shown in 
table 3. As can be seen from table 3, compared with 
the control group, the administration group of timolol 
maleate had significantly reduced tumor volume 
(P<0.05). After co-administration of 32P application 
and timolol maleate, the tumor volume was further 
reduced, showing significant difference compared 
with that of single administration group (P<0.05). 
The results suggest that topical use of timolol maleate 
eye drops significantly reduced hemangioma volume 
of nude mice. Co-administration of 32P application 
and timolol maleate produced better therapeutic  
effect on hemangioma (table 3).  

 
Observation of histopathological structure of           
hemangioma in nude mice 

Observation of histopathological structure of             
hemangioma under the microscope after HE staining 
revealed that the blank control nude mice had                
proliferative changes in hemangioma, showing             
accumulation of a large number of vascular                 
endothelial cells, darker cell nucleus, dense                 
capillaries in the tumor, and complete wall structure. 
In the administration group of timolol maleate,              
endothelial cells in hemangioma of nude mice were 
sparse, the cell nucleus was flat, the structure of 
blood vessel wall was deficient, and fibrous adipose 
tissue was visible in the lumen. In co-administration 
group of 32P application and timolol maleate, the 
number of endothelial cells in hemangioma of nude 
mice was significantly reduced, the staining of cell 
nucleus became lighter, and the blood vessels were 
mainly dominated by fibrous connective tissue. It 
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Group Weight (g) 
Control group 18.32±2.65 

Timolol maleate administration group 22.35±2.86 
32P application + timolol maleate co-

dministration group 
26.61±2.12 

F value 13.263 
P value 0.001 

Table 2. Comparison of body weight of mice in each group 
(n=20). 

Group a(mm) b(mm) 
tumor volume 

(mm3) 
Control group 8.46 4.89 105.46±4.79 

Timolol maleate             
administration group 

6.32 4.01 52.84±3.48 
32P application + timolol 
maleate co- ministration 

group 
4.03 3.14 20.87±2.23 

F value 13.245 12.612 26.735 
P value 0.001- 0.001 0.001 

Table 3. The effect of 32P application and timolol maleate on 
hemangioma volume of nude mice (n=20). 
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suggests that topical timolol maleate produced                
certain therapeutic effect on infantile superficial              
hemangioma, co-administration of 32P application 
and timolol maleate was more effective in treating 
infantile superficial hemangioma. 

 
Effects of 32P application and timolol maleate on 
the expression of EGFL7 and VEGF genes  

Real-time PCR gene test results indicate that, 
compared with the control group, single                          
administration of timolol maleate significantly               
reduced the expression levels of EGFL7 and VEGF 
(P<4.49). After co-administration of 32P application 
and timolol maleate, the expression levels of EGFL7 
and VEGF were further down-regulated. Compared 
with single administration group, the difference was 
significant (P<0.05), as shown in table 4. The results 
suggest that timolol maleate can significantly inhibit 
the expression of hemangioma epidermal growth 
factor-like domain EGFL7 and endothelial growth 
factor VEGF, thereby achieving the purpose of               
inhibiting the growth and proliferation of tumor cells 
and treating hemangioma; After co-administration of 
32P application and timolol maleate, EGFL7 and VEGF 
were further inhibited, showing better therapeutic 
effect on hemangioma. 

The effect of 32P application combined with timolol 
maleate on Renin expression  

The effect of 32P application and timolol maleate 
on Renin expression in hemangioma of nude mice 
tissues is shown in table 5 and figure 2. Western blot 
test results indicate that, compared with the control 
group, the single application of timolol maleate           
significantly reduced the expression level of Renin 
(P<0.05). After co-administration of 32P application 
and timolol maleate, the expression level of renin 
was further down-regulated, showing significant  

difference compared with single administration 
group (P<0.05), as shown in table 5.  

 

The effect of 32P application combined with timolol 
maleate on Ang II expression  

The effect of 32P application and timolol maleate 
on Ang II expression in hemangioma of nude mice is 
shown in table 6 and figure 3. The results of Western 
blot detection show that, compared with the control 
group, Ang II expression level was significantly           

reduced after administration of timolol maleate 
(P<4.49). After co-administration of 32P application 
and timolol maleate, Ang II expression level was         
further down-regulated, showing significant                 
difference compared with single administration 
group (P<0.05), as shown in table 6.  

 
 
 
 
 
 
 
 

 

DISCUSSION 
 

Clinical treatments of infantile hemangioma            
include surgery, injection or application of β-receptor 
blockers, glucocorticoids, lasers, etc. However, there 
is no particular method that can treat all children 
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Group 
EGFL7 

(Gray value) 
VEGF 

(Gray value) 
Control group 3.24±0.40 3.74±0.32 

Timolol maleate 
administration group 

2.36±0.41 2.59±0.52 
32P application + timolol            

maleate co- dministration group 
1.06±0.06 1.05±0.12 

F value 10.377 13.762 
P value 0.001 0.001 

Table 4. RT-PCR detection of EGFL7, VEGF gene expression 
(n=20). 

Figure 1. RT-PCR detection of EGFL7, VEGF gene expression. 

Group Renin (Gray value) 
Control group 3.62±0.06 

Timolol maleate administration group 2.13±0.05 
32P application + timolol maleate co-

administration group 
1.08±0.04 

F value 15.736 
P value 0.001 

Table 5. The effect of 32P application and timolol maleate on 
Renin expression in hemangioma of nude mice (n=20). 

Figure 2. Western Blot detection of Renin expression. 

Group Ang II (gray value) 
Control group 3.46±0.16 

Timolol maleate administration group 2.37±0.21 
32P application + timolol maleate co-

administration group 
1.12±0.04 

F value 18.215 
P value <0.05 

Table 6. The effect of 32P application and timolol maleate on 
Ang II expression in hemangioma of nude mice (n=20). 

Figure 3. Western Blot detection of Ang II protein expression. 
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with hemangioma, and different treatment methods 
all have certain side effects (8-10). The combination of 
multiple treatment methods can overcome the            
defects of low efficiency and side effects of single 
medication to a certain extent, which is of great               
clinical treatment significance (11, 12). 

Timolol maleate eye drop is a non-selective            
β-receptor blocker with high safety, which has a good 
effect in treating infantile hemangioma (13, 14). Studies 
have shown that 32P application has high efficiency 
and good prognosis in treatment of infantile                   
hemangioma and scar removal (15); the combination 
of the two drugs is expected to achieve excellent  
therapeutic effect in synergistic treatment of           
hemangioma (16). Epidermal growth factor-like             
domain 7 (EGFL7) is an endothelial cell-specific             
secreted factor that is selectively expressed in tumor 
neovascularization and proliferative tissues, which 
plays a key role in angiogenesis (17). As the most            
important regulator of vascular production, vascular 
endothelial growth factor (VEGF) can induce vascular 
production, change the extracellular mechanism, thus 
playing a key role in the pathogenesis of hemangioma 
(18). Studies have confirmed that renin-angiotensin 
can inhibit the apoptosis of hemangioma endothelial 
cells, which plays an important role in the occurrence 
and development of infantile hemangioma (19, 20). 
However, the curative effect of combined use of 32P 
and timolol maleate on infantile superficial                   
hemangioma remains unclear, which limits its               
application as clinical drugs. 

In this study, it was found that the hemangioma 
tissue volume of nude mice treated with timolol            
maleate decreased compared with the control group, 
and the body weight increased to a certain extent. 
Compared with the single administration group, the 
hemangioma tissue volume was smaller in the 32P 
application and timolol maleate combined                      
administration group, and the weight gain was more 
significant in the nude mice. This indicates that 
timoprolol maleate had a certain therapeutic effect 
on hemangioma in nude mice, and the combined          
administration of timoprolol maleate with 32P             
application had a better effect. To further explore the 
possible mechanism of 32P application combined with 
timolol maleate in the treatment of hemangioma in 
nude mice, the expressions of EGFL7, VEGF, renin, 

and AngⅡ were further detected using RT-PCR and 

Western Blot. RT-PCR gene detection showed that 
after administration of timolol maleate, EGFL7 and 
VEGF expressions were significantly reduced; after co
-administration of 32P application + timolol maleate, 
EGFL7 and VEGF levels were further reduced,             
showing significant difference compared with the 
single administration group (P<0.05). Western Blot 
analysis indicated that after administration of timolol 
maleate, the expression levels of renin and Ang II 
were down-regulated; after co-administration of 32P 
application + timolol maleate, the expressions of    
renin and Ang II were further decreased, showing 

statistically significant difference compared with  
single administration group (P<0.05). The results 
suggest that 32P application combined with timolol 
maleate has good therapeutic effect on hemangioma 
in nude mice, which downregulates the expressions 
of renin and angiotensin Ang II and mediates low 
expression of epidermal growth factor domain 
EGFL7, vascular endothelial growth factor VEGF in 
hemangioma, thereby inhibiting angiogenesis,             
constricting blood vessels, and inducing tumor cell 
apoptosis. 

In our analysis, Timoprolol maleate is a                 
nonselective β-adrenoceptor antagonist with partial 
lipophilic properties that enhances transdermal           
absorption and reduces periocular IH with minimal 
side effects. These results and the work of Kukida         
et al. both indicate that the mechanism of action of 
timoprolol maleate is thought to be similar to the 
action of IH, namely, reducing the expression of           
vascular endothelial growth factor and angiogenesis 
in hypoxic retina via inhibiting HIF-1 and nitric oxide 
synthase (21). On the other hand, the Nuclide 32P Easy 
Pack is made from the radionuclide 32P, which emits 
pure beta rays. Radionuclides have strong ionization 
ability, weak penetration, and a range of only a few 
millimeters within tissue, and can improve the              
therapeutic effect of infant superficial hemangioma, 
which may be related to the inhibition of vascular 
endothelial growth factor, renin and Angiotensin II 
expression. This result is consistent with the studies 
of Wang et al., which all confirmed that 32P                  
application combined with thiomolol maleate              
significantly improved the cure rate and therapeutic 
effect in children with cutaneous hemangioma. In 
other words, as a kind of external irradiation, a             
certain dose of radionuclide is close to the lesion site, 
and the biological effect of ionizing radiation on the 
lesion site through radiation can reduce the rate of 
cell division, prolong the interval of nuclear division 
and occlusion of microvessels, so as to achieve the 
therapeutic purpose (22, 23). 

One method should not be insisted on to treat any 
complication or disease, and several methods need to 
be tested (24, 25). Sometimes new technologies such as 
biotechnology or nanotechnology (26-28), in many            
cases, antibiotics (29, 30) or genetic or (31-33) chemical 
(34) approaches are used. In this regard, most               
experiments have been performed on rats (35) and 
ultra-high performance liquid chromatography             
tandem mass spectrometry had an important            
equipment and machine learning for detection (36) 
and prediction (37), respectively. 

In conclusion, 32P application combined with            
timolol maleate has good therapeutic effect on           
hemangioma in nude mice, whose mechanism may be 
related to the inhibition of the expression of vascular 
endothelial growth factor, renin and angiotensin II. 
However, its specific mechanism of action remains 
unclear and further research is needed. According to 
the current research results, co-administration of 32P 
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patch and timolol maleate has good therapeutic effect 
on hemangioma in nude mice, which provides certain 
experimental data and theoretical support for clinical 
application of such drug in treatment of infantile  
hemangioma. 
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