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 IV  38  6  
 

. , 
 ( , ) (  2). 



 

9 

 

 

 2. –   
 IV  

 
 
 
 
 
 
 
 
 
 

 
 2,5  (  « », . ,  

),  09/05/886.  
  

 
 « -6»  

 «  633-25» ( , . , , =632,8 )  
 Y- .  

  14-  
6 .  

,  
 5 × 5       

. × 9) .  
 musculus temporalis, . 

 
 « »                                

, . , =660±5 )  2,5  
 2,5 . :  –                     

50  100 2,  – 0,17 2,  –               
0,28 ,  – 2 ,  – 10 . 

  
 0,5   2,5 . 

:  – 50 /5 2. 
 0,51 2,  –             

0,1 ,  – 0,5 ,  – 2 .  
 

. 

 
 

, n 
 

10  ( ) 
7  
7  +  2,5  +  0,88 ; 0,7 /c 2; 10 . 
7  +  2,5  +  50 / 5 2 

7  +  2,5  +  
 0,88 ; 0,7 /c 2; 10 . +  50 /5 2 



 

10 

 

 

 
                                     

«BTL Sono 5710» (BTL Industries Ltd., GB)  2,5  
 2,5 . :  –                  

0,88 ,  – 0,4; 0,7  1,0 2,  
 – 10 . 

 
:  

 
 ( ) .  

6 
  , 

 
 0,6%  24 .  

6 
 1. 

 

 1. – 6  

 
 Origin Pro 7.0  

STATISTICA 8.0.  



 

11 

 

 

 
.  

 
 t-  .  

, ,  
 U- .  

 W- .  
 Kaplan-Meier. 

 
 log-rank .  
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 1,8:1  4,1:1 (  5). 
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0 232,3±16,9 424,4±15,8 1,8 0,12 
0,5 2524,4±80,9 7152,8±73,6 2,8 <0,0001 
1 1936,3±108,8 6441,9±65,9 3,3 <0,0001 

1,5 1716,3±167,3 6118,8±274,1 3,6 <0,0001 
2 1463,7±175,2 5590±123,8 3,8 <0,0001 

2,5 1275,7±175,4 5067,6±231,9 4,0 <0,0001 
3 1215,1±40,2 4957±153,4 4,1 <0,0001 

3,5 1129,3±173,9 3733,5±123,8 3,3 <0,0001 
4 1006,9±151,7 2484,8±208,4 2,5 <0,0001 

4,5 872,5±106,6 1814,5±290,7 2,1 <0,0001 
5 705,6±122,1 1683,5±263,1 2,4 <0,0001 

24 212,3±83,5 468,5±138,7 2,2 >0,05 
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11–14 6.  

 
 24 .  
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 ( ),  

 (  6).  
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 ( )  
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61,4±2,6%;  100 2 – 85,5±3,8%,  (p=0,01).  
 7 , ,  
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50  100 2. 
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6  

 

 

p  
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 2,5  +  50 2 10 61,4±2,6 
0,03 
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 2,5  +  100 2 12 85,5±3,8 

0,04  2,5  +  100 2 +  0,7 2 12 100 

 
 

 

 
p  
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, % 
 0,4 2 12 44,6±10,2 

0,177 
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 0,7 2 12 53,5±5,2 
0,0007 

 2,5  +  0,7 2 11 82,7±2,4 
 1,0 2 12 66,3±6,7 

0,136 
 2,5  +  1,0 2 13 79,7±4,7 
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 ( ) (  p=0,01;  +  
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6 (  + ) 
 ( )  194% 

.  
,  88,1% –    +  122,4% –  
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, (min-max) 
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3  +  7 25,2±3,7 88,1 25 (19–28) 
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17 

 

 

 
 (2764,4±80,9 ) (p<0,0001) [1, 4, 8, 12, 14, 15].  

3.  
6  

 0,88 ,       
0,7 2  10  2,5  

 53,5±5,2  82,7±2,4% (p=0,0007).  
 50  100 2               

61,4±2,6  85,5±3,8% (p<0,05),  [3, 4, 5, 9, 10, 13].  
4. ,  

,  2,5  
                

0,88  0,7 2  10  
 100 2,  
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[3, 4, 5, 6, 9, 10, 13, 17].  

5.  
6  2,5  

 30  0,88 , 
 0,7 2  

 50 /5 2  
 17,8±2,6   39,4±4,5  (p=0,0001)  

 18  38  (p=0,001)  
 [4, 5, 7, 11, 16, 18, 19].    
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:  
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 i : ,  i 

i 6 ,  
,  i i. 

i i i :    
 ( )  0,88 : 

 0,4  0,7 2  
 530±80×103  255±45×103 (p=0,02)  205±25×103  60±40×103 

(p=0,018) ;  –                        
 426±9×103  227±13×103 (p<0,0001)  330±19× 103  142±38×103,  

(p=0,003). 6 ,  
 (14,5±2,7 ),  (100%), 

- ,  
 (7265,2±73,6 )  

 30  
 (2764,4±80,9 ) (p<0,0001). 

,  
,  2,5  

 0,88                     
0,7 2  10  

 100 2 (p=0,04). I 6 
 2,5  30  

 0,88 ,  0,7 2  
                      

50 /5 2  
17,8±2,6  39,4±4,5  (p=0,0001)  18  38  
(p=0,001) . 

: i  
i i i 

i  Grade IV, i                       
. . . 

: , . 
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:  0,4  0,7 2  
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(p=0,02)  205±25×103  60±40×103 (p=0,018)  
;  –  426±9×103  227±13×103 (p<0,0001)  

330±19×103  142±38×103 (p=0,003) .  
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,  2,5  
 0,88  0,7 2  
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100 2 (p=0,04). 6  
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 17,8±2,6   39,4±4,5  (p=0,0001)              
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SUMMARY 
Tzerkovsky Dzmitry Alexandrovich 

Sono-photodynamic therapy of glial brain tumors with photolon 
(experimental study) 

 
Key words: sono-photodynamic therapy (SPDT), photosensitizer, photolon, 

orthotopic model, glioma C6. 
Objective: improving the antitumor efficacy of treatment of malignant glial brain 

tumors with combined employing sonodynamic and photodynamic therapies with 
photosensitizer photolon in an experimental models.  

Material and methods: glioma C6 cell culture, subcutaneous and orthotopic rats 
glioma C6 tumor models, treated with sonodynamic, photodynamic and combined 
SPDT with photolon.   

The results obtained and their novelty:  combined use photolon and ultrasound 
(US) with a pulse frequency of 0.88 MHz enhances the cytotoxic effect: in suspension 
at  intensities  of  0.4  and  0.7  W/cm2, the number of viable tumor cells is reduced from 
530±80×103 to 255±45×103 (p=0.02) and 205±25×103 to 60±40×103 (p=0.018) in 
comparison with the action of US; in monolayer culture – from 426±9×103 to 
227±13×103 (p<0.0001) and from 330±19×103 to 142±38×103 (p=0.003) respectively. 
In an orthotopic model of C6 glioma in rats differing short latent period                   
(14.5±2.7 days), absolute tumor growth (100%), characteristic of glial tumors micro- 
and macroscopic picture of the maximum value of the fluorescence signal in the tumor 
photolon (7265.2±73.6 OE) is attained 30 minutes after intravenous administration, and 
higher than in normal brain tissue (2764.4±80.9 OE) (p<0.0001). The maximal 
antitumor effect manifests itself as a complete necrosis of the tumor transplanted 
subcutaneously achieved in 2.5 hours after intravenous photolon under the action of 
ultrasonic  pulses  with  a  frequency  of  0.88  MHz  and  an  intensity  of  0.7  W/cm2 for                  
10 minutes followed by exposure to photoirradiation light dose of 100 J/cm2             
(p=0.04). Intraoperative SPDT of orthotopic C6 glioma with photolon intravenous 
administration at a dose of 2.5 mg/kg followed 30 minutes after exposure to US with a 
frequency of 0.88 MHz and an intensity of 0.7 W/cm2 and photoirradiation resected 
tumor bed in the light exposure dose of 50 J/5mm2 increases the life expectancy of 
animals with up from 17.8±2.6 to 39.4 ± 4.5 days (p=0.0001) and the median survival of 
18 to 38 days (p=0.001) in comparison with the group of surgical treatment.   

The extent of adoption in practice: The materials of experimental study provided 
a basis of a pilot clinical trial of efficacy of intraoperative SPDT for patients with 
recurrent form of glioblastoma multiforme Grade IV which was conducted                            
at N.N. Alexandrov National Cancer Centre. 

Field of application: experimental oncology, neurooncology. 


