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Progressive molecular changes, leading to cell 
clones arising with a malignant phenotype, 
characterized by developing adaptive survival 
advantage over normal cells, which proliferate 
chronically and result in clinically detectable 
malignant tumors. 

WHAT IS CANCER ? 

Cancer Progression 
Evade molecular controls of cell 
growth, induction of senescence and 
programmed cell death. 

The current knowledge about the origin and evolution 
of malignancies should contribute to the design of 
strategies for prevention, early diagnosis and 
treatment of advanced disease 
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THE ESCAPE TO THIS REGULATION INDUCE THE 
SUSTAINED PROLIFERATION OF TUMORS 

      
    

THIS IS CONSIDERED THE INITIAL EVENT  
OF TUMORIGENESIS 



PLASTICITY OF CELL POPULATIONS ORGANIZED 
HIERARCHICALLY 

- An emerging concept 
states that Cancer Stem 
Cells (CSC), key in cancer 
initiation and metastasis 
cells, arise when "transit 
amplifying" cells containing 
mutations are de-
differentiate and enter a 
state of stem cell 
- This model contrasts with 
the notion that CSC are 
derived from neoplastic 
transformation of normal 
cells mothers. 
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Understand cancer as a genetic disease that generates a 
systemic inflammation that allows the metastatic spread of 
the disease. 



HALLMARKS OF CANCER 

Dunn GP,. Old LJ,. Schreiber RD. The Three Es of Cancer Immunoediting. Annu. Rev. Immunol. 2004, 22:329-60 
Hanahan D, Weinberg RA. Hallmarks of cancer: The next generation. Cell 2011;144: 646-72. 

Inflammation and genetic instability: enabling conditions 

 
Deregulation of cellular energy 
(metabolic Reprogramming) 
 
Self-sufficiency in growth 
signals 
 
Insensitivity to growth 
suppressive signals 
 
Unlimited replicative potential 
 
Sustained angiogenesis 
 
Tissue invasion and metastasis 
 
Evasion of apoptosis 
 
Promoting inflammation 
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Reactive oxygen species (ROS) are involved in a 
diversity of important phenomena in the process of 
tumor development 

MECHANISMS ASSOCIATED TO CARCINOGENESIS MEDIATED BY ROS 



Essential elements:  

• Tumor cells 

• Fibroblasts (CAFs) 

• Blood vasculature     

Endothelial cells 

Pericytes 

Platelets 

• Extracellular matrix 

(ECM) 

• Immune cells 

• Factors secreted 

TUMOR MICROENVIRONMENT (TME) 



OZONE 

Mantains the cellular 
redox balance 

Antioxidants Prooxidants 

 
Immunological 

regulator 
 

Influences in the 
synthesis / release of 

eicosanoids 

PGE2 PGI2 

Increases 
oxygen 

metabolism 
(O3 increases oxigenation 
in hypoxic tumors).  

Tumor hypoxia increase 
resistance to radiotherapy 
and chemotherapy. 

http://clincancerres.aacrjournals.org/content/vol9/issue5/images/large/df0531866001.jpeg


Ozone may induce an adaptation to 
oxidative stress or an oxidative 

preconditioning, that under 
controlled doses, may stimulate the 

endogenous antioxidant mechanism, 
preparing the host to face 

physiopathological conditions 
mediated by reactive oxygen species 
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2. To evaluate the effect of ozone therapy on multiplicity 
of tumors. 

GENERAL  AIM  
To determine the  possible effects of ozone 
therapy in some experimental models of 
malignant  tumors in mice. 

SPECIFIC  AIMS  

1. To evaluate the reiterated toxicity of the ozone 
therapy  using different applications. 

3. To evaluate the effect of the ozone oxidative-
preconditioning  in tumor development. 



1.  Reiterated Toxicity Assay: 
Mice: NMRI males and females, 20-25 g. 
Administration schedule:  
O3/O2 during 15 days, rectal and intraperitoneal  

applications. 
 

Rectal concentrations:  11, 35 y 71 mg/L,  
Volume: 5, 40 y 80 mL/Kg in each case. 
 
Intraperitoneal concentrations: 11, 20 y 35 mg/L, Vol 1 mL 

MATERIALS  AND  METHODS 

OZONE 
GENERATOR  

OZOMED MOD 01 



MATERIALS AND METHODS 

Schedule:  O3/O2 rectal application          
cycle of 12 days 

Tumors:  

• Erlich Ascitic Tumor 

• Sarcoma 37 

(1 x 106 cells implanted by 
ocular plexus) 

Mice:  NMRI and B6D2F1 males, 18-20 g 

Concentrations: 19, 26 y 42 mg/L  
                             (1 mL in each case) 

The hematogenic 
dissemination of the 

neoplastic cells present 
in the lung was 

evaluated. 

2. Evaluation of tumor multiplicity using different ozone 
concentrations. 
 
 

(n=10) 

OZONE GENERATOR  
OZOMED MOD 01 



MATERIALS AND METHODS 

Schedule:  15 sessions daily O3/O2                                                                 
Pre- treatment, intraperitoneal application. 

Tumor: Lewis Lung Carcinoma.                             
1 x 106 cells  

(0.25 mL subcutaneous,  

24 h after the ozone treatment) 

 

Tumoral volume calculation:                 

V (mm3)= a2  x  L/2                                 
(a- wide, L- large) 

Mice: B6D2F1  males, 18-20 g 

Concentrations: 4, 11, 20 y  35 mg/L  
volume 80 mL/Kg in each case. (n=10) 

Animal weights and tumor volume measurements. 

3. Effects of ozone oxidative-preconditioning in tumor development. 

OZONE GENERATOR  
OZOMED MOD 01 



     Table 1. Results of body weight in NMRI mice using rectal ozone 
application.  

   
 

Groups 

Body weight gained  
(g/day) 

After 15 
sessions 

End of 
experiment 
(30 days) 

0.17 ±0.07 0.12 ±0.04 

0.16 ±0.06 0.07 ±0.01 

0.03 ±0.01 0.06 ±0.02 

0.02 ±0.02 0.09 ±0.01 

Body weight gained during rectal ozone treatment was less in groups 
treated with higher concentrations, but there was not significant 
differences between groups at the end of the assay. 

Toxicity assays in mice 
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				0		15		30

		Control		32.8		35.3		36.4

		O3/O2  11 mg/L		32.9		35.3		34.4

		O3/O2  35 mg/L		34.9		35.3		36.4

		O3/O2  71 mg/L		33.3		33.6		35.9







Table 2. Relative weights (%) of the organs in NMRI mice using 
rectal ozone application 

 

Groups Spleen Liver Heart Lung 
 

Control  
 

0.58 
 

6.17 
 

0.72 
 

0.60 
 

  O3/O2   
11 mg/L 0.74 5.55 0.64 0.63 

35 mg/L 0.54 5.69 0.62 0.62 

71 mg/L 0.52 5.39 0.54 0.64 

The pathology study of the organs did not show toxicity 
alterations in the groups at the maximum doses of ozone 
treatment. 

These results are with the highest volume (80 mL/Kg) for all the ozone 
concentrations studied. 



Table 3. Hematological parameters evaluated in NMRI mice 
using rectal ozone application.  

 
Time (days)  

 

Control 

O3/O2   
c=11 mg/L c= 35 mg/L c=71 mg/L Beginning  (t=0) 

Hematocrite 0.42 ±0.029 0.43 ±0.057 0.51 ±0.012 0.47 ±0.064 
Leucocytes(x 109) 5.13 ±0.15 4.23 ±0.12 4.23 ±0.12 5.13 ±0.15 
Polymorph 25.0 ±1 18.33 ±8.50 16.33 ±6.11 16.67 ±5.51 
Lymphocytes 75.0 ±1 81.67 ±8.50 83.67 ±6.11 83.33 ±5.51 
End of treatment (t=15) 

Hematocrite 0.52 ±0.029 0.53 ±0.029 0.50 ±0 0.49 ±0.036 
Leucocytes(x 109) 6.17 ±0.12 7.17 ±0.12 9.13 ±0.15 7.20 ±0.26 
Polymorpho 25 ±5 27 ±3.61 20 ±2 39.67 ±1.53 
Lymphocytes 75 ±5 73 ±3.61 80 ±2 60.33 ±1.53 

These results are with the highest volume (80 mL/Kg) for all the ozone 
concentrations studied. 



Table 4. Results of body weight in NMRI mice (both sex) using 
intraperitoneal ozone application.  

Weight (g) 

Time (days) 

MALES 
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Weight (g)

Time (days)

FEMALES

Control

O3/O2   11 mg/L

O3/O2   20 mg/L

O3/O2   35 mg/L

22.6

20.7

21.4

20.6

27.6

24.6

24.1

24.6

30.3

29.4

29.6

29.7
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				Control		O3/O2   11 mg/L		O3/O2   20 mg/L		O3/O2   35 mg/L

		0		22.6		20.7		21.4		20.6

		15		27.6		24.6		24.1		24.6

		30		30.3		29.4		29.6		29.7

				Para cambiar el tamaño del rango de datos del gráfico, arrastre la esquina inferior derecha del rango.
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				Control		O3/O2   11 mg/L		O3/O2   20 mg/L		O3/O2   35 mg/L

		0		23		23.7		22.8		23.2

		15		31.5		31.1		30.1		30.7

		30		36		37.2		36.7		36.1

				Para cambiar el tamaño del rango de datos del gráfico, arrastre la esquina inferior derecha del rango.







 
 

Groups 

Spleen Liver Heart Lung Kidney 

F M F M F M F M F M 

Control 0.69 0.53 6.57 7.01 0.55 0.51 0.88 0.75 1.27 1.61 

 
O3/O2 
(mg/L)      

             

11 0.68 0.68 6.50 6.54 0.58 0.58 0.98 0.76 1.28 1.61 

20 0.81 0.77 6.81 7.34 0.56 0.66 1.08 0.84 1.33 1.66 

35 
 

0.77 0.67 7.08 5.23 0.79 0.43 1.19 0.89 1.99 1.09 

Table 5. Relative weights (%) of the organs in NMRI mice 
(both sex) by intraperitoneal ozone application 



Table 6. Hematological parameters evaluated in NMRI mice 
(both sex) by intraperitoneal  ozone application. 

 

Time (days) 

 

Control 

O3/O2 

c=11 mg/L c= 20 mg/L c=35 mg/L 

Beginning (t=0)  F M F M F M F M 

Hematocrite  0.51 0.49 0.51 0.49 0.46 0.47 0.46 0.42 

Leucocytes (x 109)  7.4 7.4 8.13 4.23 7.93 8.16 8.46 8.3 

Polymorph  27.0 22.3 13.7 16.33 29 14.7 31.33 17.33 

Lymphocytes  71.6 76.3 85.7 83.67 70.3 85 59.38 82.7 

      End of treatment (t=15)  

Hematocrite  0.6 0.52 0.52 0.45 0.51 0.51 0.52 0.49 

Leucocytes (x 109)  8.23 9.13 8.7 7.85 9.23 7.8 8.9 9.26 

Polymorph  11.3 20.3 12.7 28.5 21.3 18.33 10.7 14.66 

Lymphocytes  86.6 77.6 86.6 70 77 80.7 88.3 83.65 



Figure 1. Tumor multiplicity in mice inoculated by the ocular plexus with             
1 million cells of Ehrlich Ascitic Tumor, using 1 mL of ozone at different 
concentrations (19, 26 and 42 mg/L) by rectal application, during                        
12 sessions after the inoculation. Data are mean ± SEM. Means having 
different letters indicate significant difference (p < 0.05) between 
groups. 
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Figure 2. Tumor multiplicity in mice inoculated by the ocular plexus 
with 1 million cells of Sarcoma-37, using different ozone 
concentrations (26 and 42 mg/L) by rectal application, during                      
12 sessions after the inoculation. Data are mean ± SEM. Means having 
different letters indicate significant difference (p < 0.05) between 
groups. 
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Figure 3. A significant delay (p≤0.05) in the beginning kinetics of Lewis´lung 
carcinoma was observed in ozone treated groups respect control group. Ozone 
was applied to mice intraperitoneally at concentrations of 4, 11, 20, 35 mg/L 
and a volume of  80 ml/kg, daily for 15 days. Twenty four hours after the last 
ozone treatment, animals were inoculated with 1 million cells of tumor by 
subcutaneous way (0.25 mL).  
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		Experimento 9

		Cálculo de volumen tumoral

		Día				Grupos

								1						2						3						4						5						6

		28/12/06		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V

		1						0						0						0						0						0		11		11		665.5

		2						0						0						0						0						0		13.5		19		2436.75

		3						0						0						0						0						0		13		13		1098.5

		4						0						0						0						0						0						0

		5						0						0						0						0						0						0

		6						0						0												0						0						0

		7						0																		0												0

		8						0																		0												0

		9																								0												0

		10																																				0

		Promedio						0						0						0						0						0						420.075

								1						2						3						4						5						6

		3/1/07		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V

		1		14		10		700		10		9		405		11		10		550		6		6		108		11		9		445.5		20		17		2890

		2		10		10		500		14		11		847		17		12		1224		16		14		1568		15		13		1267.5		13		13		1098.5

		3		14		10		700		10		9		405		16		9		648		14		13		1183		15		15		1687.5		11		10		550

		4		12		11		726		5		5		62.5		9		9		364.5		11		13		929.5		15		9		607.5		12		10		600

		5		13		11		786.5		10		9		405						0		14		11		847		11		10		550		12		12		864

		6		16		14		1568		18.5		14		1813								13		14		1274		21		15		2362.5		20		17		2890

		7		10		8		320														20		12		1440								10		11		605

		8		16		13		1352														11		10		550								25		20		5000

		9																								0								25		20		5000

		10																																				0

		Promedio						831.5625						656.25		588.75				557.3						877.7222222222						1153.4166666667						1949.75

								1						2						3						4						5						6

		5/1/07		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V

		1		14		10		700		23		14		2254		6		6		108		11		10		550		18		17		2601		15		14		1470

		2		13		12		936		14		11		847		17		11		1028.5		15		13		1267.5		17		10		850		25		17		3612.5

		3		16		10		800		12		11		726		20		17		2890		13		18		2106		12		11		726		30		22		7260

		4		20		19		3610		20		12		1440		11		11		665.5		22		14		2156		20		16		2560		14		13		1183

		5		11		10		550		13		8		416		15		11		907.5		14		14		1372		25		18		4050		11		10		550

		6		10		10		500						177.5								16		13		1352		14		11		847		16		13		1352

		7		10		8		320														20		17		2890								25		18		4050

		8		16		12		1152														16		14		1568								30		20		6000

		9																								0								14		12		1008

		10																																				0

		Promedio						1071						976.75						1119.9						1473.5						1939						2648.55

								1						2						3						4						5						6

		8/12007		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V

		1		22		12		1584		13		11		786.5		12		12		864		14		12		1008		13		13		1098.5		17		16		2176

		2		17		15		1912.5		25		15		2812.5		11		11		665.5		20		14		1960		20		18		3240		17		11		1028.5

		3		17		17		2456.5		20		12		1440								16		16		2048		16		14		1568		14		12		1008

		4		10		10		500		13		10		650		13		12		936		15		18		2430		25		19		4512.5						0

		5		15		13		1267.5		10		9		405		18		16		2304		28		19		5054		23		16		2944		24		23		6348

		6		13		14		1274								18		14		1764		12		9		486		14		12		1008		16		15		1800

		7		17		18		2754														14		14		1372								30		22		7260

		8		16		14		1568														17		14		1666								28		21		6174

		9																				12		11		726

		10

		Promedio						1664.5625						1218.8						1306.7						1861.11						2395.17						3224.31

								1						2						3						4						5						6

		10/1/07		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V

		1		16		15		1800		15		14		1470		22		16		2816		25		21		5512.5		23		20		4600		37		26		12506

		2		17		16		2176		30		18		4860		17		13		1436.5		21		16		2688		21		16		2688		23		17		3323.5

		3		20		19		3610		18		13		1521		21		17		3034.5		25		20		5000		25		19		4512.5		30		24		8640

		4		21		14		2058		23		15		2587.5								26		20		5200		16		16		2048		18		15		2025

		5		9		9		364.5		13		11		786.5		27		19		4873.5		24		22		5808		18		15		2025		21		17		3034.5

		6		17		14		1666		21		15		2362.5		19		20		3800		21		23		5554.5								27		26		9126

		7		19		13		1605.5														21		17		3034.5								25		13		2112.5

		8		22		16		2816														19		16		2432												0

		9																				22		21		4851

		10

		Promedio						2012						2264.58						3192.1						4453.39						3174.7						5095.94

								1						2						3						4						5						6

		12/1/07		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V

		1		13		12		936		26		17		3757		14		11		847		23		17		3323.5		22		20		4400		26		22		6292

		2		14		17		2023		23		14		2254								18		18		2916		18		17		2601		17		15		1912.5

		3		22		14		2156		16		14		1568		20		18		3240		25		20		5000		27		20		5400		17		17		2456.5

		4		20		22		4840		17		15		1912.5		17		16		2176		17		20		3400		23		17		3323.5		20		18		3240

		5		21		16		2688		14		10		700		24		18		3888		20		17		2890		18		14		1764		21		12		1512

		6		20		20		4000		21		14		2058		18		15		2025		27		17		3901.5												0

		7		23		20		4600														13		11		786.5

		8		23		14		2254														15		16		1920

		9																				18		14		1764

		10

		Promedio						2937.13						2041.58						2435.2						2877.94						3497.7						2568.83

								1						2						3						4						5						6

		15/1/2007		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V

		1		30		20		6000		20		16		2560		27		20		5400		19		18		3078		25		21		5512.5		22		14		2156

		2		21		20		4200		32		19		5776		18		18		2916		22		22		5324		22		20		4400		16		16		2048

		3		30		21		6615		16		15		1800		23		18		3726		27		21		5953.5		18		16		2304		10		9		405

		4		28		19		5054		16		14		1568		15		17		2167.5		16		21		3528		22		18		3564		20		19		3610

		5		24		24		6912		17		14		1666								22		25		6875								28		25		8750

		6		21		22		5082		22		16		2816		22		20		4400		23		20		4600								23		20		4600

		7		15		14		1470														24		18		3888

		8		22		22		5324														22		16		2816

		9																				20		18		3240

		10

		Promedio						5082.125						2697.6666666667						3721.9						4366.94						3945.13						3594.83

								1						2						3						4						5						6

		18/1/2007		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V

		1		23		20		4600		33		20		6600		23		21		5071.5		20		21		4410		19		20		3800		19		18		3078

		2		25		15		2812.5		23		18		3726		24		21		5292		28		21		6174								22		15		2475

		3		13		12		936		21		14		2058		22		20		4400		29		26		9802		28		21		6174		25		19		4512.5

		4		23		19		4151.5		20		17		2890		22		21		4851		24		25		7500		23		20		4600		12		11		726

		5		22		19		3971		20		18		3240		25		21		5512.5		21		14		2058								22		24		6336

		6		25		21		5512.5		14		16		1792								20		19		3610

		7		28		23		7406														20		22		4840

		8		21		21		4630.5														30		21		6615

		9

		10

		Promedio						4252.5						3384.3333333333						5025.4						5626.125						4858						3425.5

								1						2						3						4						5						6

		22/1/2007		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V

		1		33		26		11154		24		22		5808		33		27		12028.5		30		31		14415		35		26		11830		30		24		8640

		2		25		23		6612.5		35		24		10080		32		24		9216		22		20		4400		32		26		10816		32		27		11664

		3		35		28		13720		25		33		13612.5		32		25		10000		28		26		9464		25		28		9800		21		16		2688

		4		32		30		14400		33		24		9504		32		28		12544		33		32		16896								25		20		5000

		5		32		30		14400		25		22		6050		27		26		9126		30		24		8640								25		24		7200

		6		32		29		13456														26		28		10192

		7

		8

		9

		10

		Promedio						12290.4166666667						9010.9						10582.9						10667.8333333333						10815.3333333333						7038.4





Hoja2

		Experimento 9

		Cálculo de volumen tumoral

		Día				Grupos

		28/12/06						1						2						3						4						5						6

				l		a		V		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V

		1						0						0						0						0						0		11		11		665.5

		2						0						0						0						0						0		13.5		19		2436.75

		3						0						0						0						0						0		13		13		1098.5

		4						0						0						0						0						0						0

		5						0						0						0						0						0						0

		6						0						0												0						0						0

		7						0																		0												0

		8						0																		0												0

		9																								0												0

		10																																				0

		Promedio						0						0						0						0						0						420.08

		30/12/06						1						2						3						4						5						6

				l		a		V		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V

		1						233.33						135.00						183.33						36.00						148.50						741.50

		2						166.67						282.33						408.00						522.67						422.50						854.42

		3						233.33						135.00						216.00						394.33						562.50						1300.50

		4						242.00						20.83						121.50						309.83						202.50						200.00

		5						262.17						135.00						0						282.33						183.33						288.00

		6						522.67						604.33												424.67						787.50						963.33

		7						106.67																		480.00												201.67

		8						450.67																		183.33												366.17

		9																								0												183.33

		10																																				0

		Promedio						277.19						218.75						185.77						292.57						384.47						509.89

		1/1/07						1						2						3						4						5						6

				l		a		V		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V

		1						466.67						270.00						366.67						72.00						297.00						1483.00

		2						333.33						564.67						816.00						1045.33						845.00						1708.83

		3						466.67						270.00						432.00						788.67						1125.00						2601.00

		4						484.00						41.67						243.00						619.67						405.00						400.00

		5						524.33						270.00						0						564.67						366.67						576.00

		6						1045.33						1208.67												849.33						1575.00						1926.67

		7						213.33																		960.00												403.33

		8						901.33																		366.67												732.33

		9																								0												366.67

		10																																				0

		Promedio						554.38						437.50						371.53						585.15						768.94						1019.78

		3/1/07						1						2						3						4						5						6

				l		a		V		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V

		1		14		10		700		10		9		405		11		10		550		6		6		108		11		9		445.5		20		17		2890

		2		10		10		500		14		11		847		17		12		1224		16		14		1568		15		13		1267.5		25		20		5000

		3		14		10		700		10		9		405		16		9		648		14		13		1183		15		15		1687.5		25		20		5000

		4		12		11		726		5		5		62.5		9		9		364.5		11		13		929.5		15		9		607.5		12		10		600

		5		13		11		786.5		10		9		405						0		14		11		847		11		10		550		12		12		864

		6		16		14		1568		18.5		14		1813								13		14		1274		21		15		2362.5		20		17		2890

		7		10		8		320														20		12		1440								10		11		605

		8		16		13		1352														11		10		550								13		13		1098.5

		9																								0								11		10		550

		10																																				0

		Promedio						831.56						656.25						557.30						877.72						1153.42						1949.75

		5/1/07						1						2						3						4						5						6

				l		a		V		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V

		1		14		10		700		23		14		2254		6		6		108		11		10		550		18		17		2601		15		14		1470

		2		13		12		936		14		11		847		17		11		1028.5		15		13		1267.5		17		10		850		25		17		3612.5

		3		16		10		800		12		11		726		20		17		2890		13		18		2106		12		11		726		30		22		7260

		4		20		19		3610		20		12		1440		11		11		665.5		22		14		2156		20		16		2560		14		13		1183

		5		11		10		550		13		8		416		15		11		907.5		14		14		1372		25		18		4050		11		10		550

		6		10		10		500						177.5								16		13		1352		14		11		847		16		13		1352

		7		10		8		320														20		17		2890								25		18		4050

		8		16		12		1152														16		14		1568								30		20		6000

		9																								0								14		12		1008

		10																																				0

		Promedio						1071.00						976.75						1119.90						1473.50						1939.00						2648.55

		8/12007						1						2						3						4						5						6

				l		a		V		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V

		1		22		12		1584		13		11		786.5		12		12		864		14		12		1008		13		13		1098.5		17		16		2176

		2		17		15		1912.5		25		15		2812.5		11		11		665.5		20		14		1960		20		18		3240		17		11		1028.5

		3		17		17		2456.5		20		12		1440								16		16		2048		16		14		1568		14		12		1008

		4		10		10		500		13		10		650		13		12		936		15		18		2430		25		19		4512.5		12		12		864

		5		15		13		1267.5		10		9		405		18		16		2304		28		19		5054		23		16		2944		24		23		6348

		6		13		14		1274								18		14		1764		12		9		486		14		12		1008		16		15		1800

		7		17		18		2754														14		14		1372								30		22		7260

		8		16		14		1568														17		14		1666								28		21		6174

		9																				12		11		726

		10

		Promedio						1664.56						1218.80						1306.70						1861.11						2395.17						3332.31

								1						2						3						4						5						6

		10/1/07		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V		l		a		V

		1		16		15		1800		15		14		1470		22		16		2816		25		21		5512.5		23		20		4600		37		26		12506

		2		17		16		2176		30		18		4860		17		13		1436.5		21		16		2688		21		16		2688		23		17		3323.5

		3		20		19		3610		18		13		1521		21		17		3034.5		25		20		5000		25		19		4512.5		30		24		8640

		4		21		14		2058		23		15		2587.5								26		20		5200		16		16		2048		18		15		2025

		5		9		9		364.5		13		11		786.5		27		19		4873.5		24		22		5808		18		15		2025		21		17		3034.5

		6		17		14		1666		21		15		2362.5		19		20		3800		21		23		5554.5								27		26		9126

		7		19		13		1605.5														21		17		3034.5								25		13		2112.5

		8		22		16		2816														19		16		2432

		9																				22		21		4851

		10

		Promedio						2012.00						2264.58						3192.10						4453.39						3174.70						5823.93

								Promedios de volumen tumoral

		Grupos		Días de Inoculado el tumor de Lewis

				10		12		14		16		18		21		23

		Oxígeno		0		277.2		554.1		831.6		1071		1664.6		2012

		Ozono 4 mg/L		0		218.8		437.5		656.3		976.8		1218.8		2264.6

		Ozono 11 mg/L		0		185.8		371.5		557.3		1119.9		1306.7		3192.1

		Ozono 20 mg/L		0		292.6		585.1		877.7		1473.5		1861.1		4453.4

		Ozono 35 mg/L		0		384.5		768.9		1153.4		1939		2395.2		3174.7

		Control tumor		420.1		509.9		1019.8		1949.8		2648.5		3332.3		5823.9
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Oxígeno

Ozono 4 mg/L

Ozono 11 mg/L

Ozono 20 mg/L

Ozono 35 mg/L

Control tumor

Días posteriores a la inoculación del tumor

Volumen tumoral (mm3)

Cinética de aumento del volumen tumoral
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		Cinética de Prendimiento Tumoral (% de animales negativos)										E-1

		Precondicionamiento con Ozono, vía rectal

		Grupos		Días de Inoculado el tumor Ascìtico de Erlich

				8		9		10		11		12		14		15		16		17		18		20		30

		Control tumor		25.00		12.50		14.29		0.00		0		0		0		0		0		0		0		0

		Ozono 11/80		44.44		33.33		33.33		33.33		22.22		11.11		11.11		11.11		11.11		0		0		0

		Ozono 11/40		20.00		10.00		10.00		10.00		0		0		0		0		0		0		0		0

		Ozono 11/5		22.22		22.22		11.11		22.22		11.11		11.11		11.11		14.29		14.29		14.29		14.29		14.29

		Ozono 35/80		40.00		40.00		40.00		40.00		20.00		20.00		0		20.00		0		0		0		0

		Ozono 35/40		33.33		16.67		16.67		16.67		10.00		20.00		20.00		33.33		33.33		0		0		0

		Ozono 35/5		20.00		20.00		20.00		20.00		10.00		11.11		12.50		14.29		14.29		0		0		0

		Ozono 71/80		25.00		25.00		12.50		12.50				0		0		0		0		0		0		0

		Ozono 71/40		11.11		0		0		0		0		0		0		0		0		0		0		0

		Ozono 71/5		30.00		30.00		20.00		20.00		20.00		22.22		11.11		11.11		0		0		0		0

		Oxígeno		20.00		20.00		10.00		10.00		10.00		10.00		10.00		0.00		0		0		0		0
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Control tumor

Ozono 11/80

Ozono 11/40

Ozono 11/5

Ozono 35/80

Ozono 35/40

Ozono 35/5

Ozono 71/80

Ozono 71/40

Ozono 71/5

Oxígeno

Días posteriores a la inoculación del tumor

% animales negativos

Cinética de prendimiento del TAE ante el precondicionamiento con ozono rectal.
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		Cinética de Prendimiento Tumoral (% de animales negativos)										E-9

		Precondicionamiento con ozono, vía IP

		Grupos		Días de Inoculado el tumor de Lewis

				8		10		16		18		21		23		28		31		35

		Oxígeno		88.89		11.11		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Ozono 4 mg/L		100.00		44.44		33.33		33.33		33.33		33.33		11.11		11.11		12.50

		Ozono 11 mg/L		100.00		50.00		37.50		37.50		25.00		25.00		14.29		14.29		16.67

		Ozono 20 mg/L		100.00		50.00		10.00		10.00		10.00		10.00		10.00		11.11		14.29

		Ozono 35 mg/L		100.00		37.50		25.00		25.00		25.00		28.57		16.67		20.00		20.00

		Control tumor		60.00		10.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00
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Oxígeno

Ozono 4 mg/L
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Figure 4. A significant delay (p≤0.05) in tumor volume increase was observed in 
ozone treated groups respect control group. Ozone was applied to mice 
intraperitoneally at concentrations of 4, 11, 20, 35 mg/L and a volume of             
80 ml/kg, daily for 15 days. Twenty four hours after the last ozone treatment, 
animals were inoculated with 1 million cells of the Lewis' lung carcinoma by 
subcutaneous way (0.25 mL).  

0

1000

2000

3000

4000

5000

6000

7000

10 12 14 16 18 21 23

Tumoral volume
(mm3)

Time (days)

Ozono 4 mg/L
Ozono 11 mg/L
Ozono 20 mg/L
Ozono 35 mg/L
Control tumor

* 

Tumor volume increase of Lewis' lung carcinoma with ozone 
oxidative-preconditioning by intraperitoneal application.  
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				Control		O3/O2   11 mg/L		O3/O2   20 mg/L		O3/O2   35 mg/L

		0		23		23.7		22.8		23.2

		15		31.5		31.1		30.1		30.7

		30		36		37.2		36.7		36.1

				Para cambiar el tamaño del rango de datos del gráfico, arrastre la esquina inferior derecha del rango.







Effect on tumor volume of different treatments by IP route (O3 50 mg/L, 
Doxorubicin 2 mg/Kg and its combination), post-inoculation of lung 
carcinoma 3LL (5x 105 cells), 

The intraperitoneal treatment with ozone induced 
reduction of tumor volume in treated animals compared 
to the control, but there was not a better response of the 
combination compared to the treatment with 
doxorubicin. 

Hidalgo, J. Universidad de 
Granad a, 2014 





Tumor development 





 The ozonetherapy by rectal and intraperitoneal 
application did not induce toxicity 
manifestations in the reiterated assay in mice. 

CONCLUSIONS 

  There was obtained a significant decrease in the 
number of lung metastasis in Ascitic Erlich 
Tumor  and Sarcoma 37 by rectal ozone 
application at the used doses. 

 Ozone pre-conditioning by intraperitoneal 
application produced a retard effect in the 
beginning kinetics of Lewis´lung carcinoma and  
in tumor volume increase. 



  In spite of the positive ozone biological 
effects and its potential usefulness 
observed in this experimental tumors, 
further preclinical researches are 
necessary to be performed, in order to 
reaffirm the ozone therapy as 
complementary therapy for cancer. 

CONCLUSIONS 



NEW TRENDS 
• To move to more advanced stages of the disease.  

• Inserted in initial treatment regimens in combination 
with standard therapies (chemo and radiation 
treatments)  

• Using combinations of different forms of therapy 

Expectations of 
therapeutic 

combinations in Cancer 



“The better strategies for 
cancer treatment could be 
based on the combination of 
complementary therapies with 
different mechanisms of action 
and acceptable toxicity”  

INSTITUTE OF ONCOLOGY 
AND RADIOBIOLOGY OF 
CUBA. 
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