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ABSTRACT

Antitumoral effect of a pulsed laser irradiation af-
ter intravenously injection of nanoparticles of sulphuretted 
carbon against colon carcinoma C-26 and sarcoma S-37 
was studied in vivo. Damage of tumor blood vessels as re-
sult of “microexplosions” of nanoparticles is one of possi-
ble mechanisms of this effect. 

Keywords: nanoparticles, pulsed irradiation, tumor treat-
ment. 

1. INTRODUCTION 

Effects of powerful pulsed laser radiation on light-
absorbing nanoparticles incorporated in a condensed envi-
ronment were studied earlier in connection with an impor-
tant problem of laser damage of transparent materials [1-6]. 
Light-absorbing nanoparticles incorporated in a tissue can 
be heated by short-pulsed laser irradiation on several thou-
sand degrees. Average tissue temperature may be kept nor-
mal if the concentration of these particles is low. Cytotoxi-
cal effects of such “microexplosions” of nanoparticles 
against tumor cells have been studied in vitro [7-13] and 
antitumoral effects against animal tumors – in vivo [14,15]. 
Similar method was proposed for improvement of drug 
delivery in tumors [16,17]. 
Earlier we used mice colon adenocarcinoma, Lewis lung 
carcinoma and ascite leukemia Р-388 as tumor models and 
carbon black - as light-absorbing nanoparticles [14,15]. 
In this study other tumors and nanoparticles were tested. 

2. MATERIALS AND METHODS 

2.1 Preparation 

Sulphuretted carbon nanoparticles (SCN) were 
used because they form more stable aqueous suspension 
than carbon black nanoparticles without surfactants. SCN 
were synthesized using exposition of carbon black (mark of 

K-354, Russia) in oleum at room temperature for one week, 
with subsequent dilution in water, removal of acid by re-
peated centrifugation, neutralization with 0.1N NaOH solu-
tion and treatment with ultrasonics. Average size of  SCN 
in aqueous suspension several days after preparation was of 
about 300 nm. 

2.2 Animals and tumors 

C-26 colon carcinoma (female Balb/c mice) and S-
37 sarcoma (male hybrid F1 mice) were used as experimen-
tal tumor models. 
С-26 tumor strain was cultivated in vitro. Tumor cells sus-
pension (concentration of 2 million/ml) was injected subcu-
taneously into an outside surface of a mouse’s right thigh in 
an amount of 100 thousand cells. 
S-37 tumor strain was cultivated in vivo as ascites in male 
SHK mice. Ascitic extract in physiological solution (con-
centration of 20 million/ml) was injected subcutaneously 
into outside surface of mouse’s right thigh in amount of 1 
million cells. 
Aqueous SCN suspension was injected intravenously in a 
dose of 30 mg/kg on the 10th (C-26) or 6th (S-37) day after 
tumor transplantation when the tumor volume was equal to 
75±10 mm3. 

2.3 Irradiation 

Tumors were irradiated by the Q-switched 
Nd:YAG laser (1.06 µm wavelength, 10 ns pulse duration, 
3 J/cm2 pulse energy density, 60 or 120 pulses) right after 
SCN injection. Hair on the site of irradiation was removed 
several days before irradiation. 

2.4 Processing of results 

Antitumoral effects were estimated using kinetics 
of a tumor growth inhibition (TGI): 

TGI = [(Vc– V)/ Vc]x100%   (1) 

where Vc and V are average tumor volume in control group 
(no SCN injection, no irradiation) and treated group respec-
tively. Biologically significant tumor growth inhibition is 
considered to be TGI > 50%. Statistical processing of the 
obtained results was by methods of variation and alternative 
statistics and also by Student-Fisher method using 
"STATISTIC" program at p ≤ 0.05. 
Animal death within 7 days after treatment was the criteria 
of toxicity of this method. 
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3. RESULTS 

Tumor growth kinetics in treated animals was 
compared with control groups (Tables 1, 2). 
Biologically significant tumor growth inhibition was ob-
tained in the groups of treated animals. С-26 tumor is more 
responsive to treatment. In case of S-37 tumor a magnifica-

tion of the pulses number from 60 up to 120 did not im-
prove the antitumoral efficacy. 
Death of treated mice was not observed within 2 weeks 
after treatment. 

Irradiation parameters TGI on the day after treatment, % 

№ gr. 

SCN 

dose, 

mg/kg 
Pulse energy 

density, J/cm2

Number of 

pulses 
3 5 7 11 14 

1 30 3 60 76 73 58 70 48 

2 30 0 0 32 28 44 24 4,7 

3 0 3 60 10 16 15 -8 -19 

Table 1: Antitumor effect against C-26 tumor of mice 

Irradiation parameters TGI on the day after treatment, % 

№ gr. 

SCN 

dose, 

mg/kg 
Pulse energy 

density, J/cm2

Number of 

pulses 
2 5 8 12 16 

1 30 3 60 72 67 57 19 -2 

2 30 3 120 74 58 48 17 15 

3 0 3 120 5 -2 2 -6 -13 

Table 2: Antitumor effect against S-37 tumor of mice 

4. DISCUSSION 

Characteristic cooling time, τ, for spherical particle 
of radius r is approximately 

τ = r
2
/(4α)     (2) 

where α - heat diffusivity for the environment. In our case r
≅ 150 nm, α ≅ 1.5x10-3 cm2 s-1. We obtain from equation 
(2) τ ≅ 38 ns. This time is more than pulse duration (10 ns) 
therefore heating of particle occurs near to adiabatic heat-

ing. In this case rough estimation of the particle tempera-
ture magnification, ∆T, is 

∆T ≅ kE/(ρC)     (3) 

where- E - fluence per pulse, k ,ρ and C are absorption co-
efficient, density and specific heat capacity of particle ma-
terial respectively. By substituting in equation (3) the val-
ues k ≅ 104 cm-1, E = 3 J cm-2, ρ = 1.9 g cm-3, C ≅ 0.6 J g-1

K-1 we can obtain heating of particle near tumor surface ∆T 

≅ 26 kK. Certainly the temperature of nanoparticle does not 
reach this value as additional heat wastes (transpiration of a 
material, formation of bubble, shockwave and radiation) 
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start earlier. All these effects can kill neighboring cells. 
Besides, new chemical products can form at high tempera-
ture. Some of them possess cytotoxicity [13]. The lower E
value, the more correctly equation (3). During laser pulse a 
faint white radiation is observed in tumor surface layer. In 
such depth of tumor where E value is several ten times 
lower than on surface the ∆T value is several hundred K. 
Such heating during very short time (~10 ns) is still suffi-
cient for formation of shock waves and microbubbles that 
can damage biostructures bordering upon nanoparticles. 
Tumors were irradiated short time after injection when 
SCN are in blood mainly. In this case the targets of effect 
are blood vessels walls probably. Really, after irradiation 
session the tumour metachromatism caused likely by mi-
crohemorrhages as a result of capillars damage is observed. 
Increase of a period between SCN injection and an 
irradiation results in decrease of treatment efficacy. This is 
likely due to short time of circulation in blood for such 
rather large particles (300 nm) that are deleted rapidly from 
blood by reticuloendothelial system. Very small nanoparti-
cles can circulate during long time in blood but very high 
irradiation power is necessary for their heating. For exam-
ple let's consider SCN of radius r = 15 nm. From equation 
(2) we obtain τ = 0.4 ns, that is, it is much less than pulse 
duration. In this case heating of nanoparticle is quasista-
tionary: 

∆T = σP/(4πar) = σE/(4πar∆t)   (4) 

where σ - cross-section of light absorption for particle, P – 
fluence rate, a -thermal conductivity for the environment, 
∆t - pulse duration. In our case σ ≅ 5x10-13 cm2, a = 6x10-3

W cm-1 K-1, ∆t = 10 ns. From equation (4) at E = 3 J cm-2

we obtain maximum ∆T value for such nanoparticle near 
tumor surface: ∆T = 1.3 kK. In tumor depth ∆T = 130 K if 
E = 0.3 J cm-2. Generally E value can be increased several 
times therefore the tests with smaller nanoparticles are ad-
visable. So it is possible to increase period between injec-
tion and an irradiation. In this case nanoparticles can be 
aimed to tumor cells from blood vessels and new effects 
can occur. 
Other way for increase of time of nanoparticles being in 
blood is their conclusion in a shell of a suitable material (f. 
e. polyethylene glycol). 
Besides it is advisable to select materials for nanoparticles 
with k and σ values that are higher. 

ACNOWLEGMENTS 

Financial support of cancer researches from the 
Mayor of Moscow and Moscow government is gratefully 
acknowledged. 

REFERENCES 

1. A. V. Butenin, B. Ya. Kogan, “On mechanism of 
optical damage of transparent dielectrics”, Kvantovaya 

Elektronika (Moscow), 5, 143-144, 1971 (in Russian). 
2. A. V. Butenin, B. Ya. Kogan, “Mechanism of de-
struction of transparent polymer under frequentative laser 
irradiation”, Kvantovaya Elektronika (Moscow), 3, 1136-
1139, 1976 (in Russian). 
3. A. V. Butenin, B. Ya. Kogan, “Pyrolysis of or-
ganic liquids at laser breakdown”, JTP Letters, 3, 433-437, 
1977 (in Russian). 
4. A. V. Butenin and B. Ya. Kogan, “Mechanism of 
laser damage of polymeric materials”, Kvantovaya Elek-

tronika (Moscow), 13, 2149-1251, 1986 (in Russian). 
5. A. V. Butenin and B. Ya. Kogan, “About nature of 
accumulation effect by laser damage of optical materials”, 
Kvantovaya Elektronika (Moscow), 17, 237-239, 1990 (in 
Russian). 
6. B. Ya. Kogan, A. V. Butenin, V. S. Dudkin, “Dif-
fusion mechanism of optical damage of transparent dielec-
trics”, Izv. AN SSSR, ser. fiz., 55, 1391-1394, 1991 (in Rus-
sian). 
7. C. P. Lin, M. W. Kelly, S. A. B. Sibayan, M. A. 
Latina, and R. R. Anderson, “Selective cell killing by mi-
croparticle absorption of pulsed laser radiation” IEEE J. 

Quant. Electr. 5, 963–968, 1999. 
8. C. M. Pitsillides, E. K. Joe, X. Wei, R. R. Ander-
son and C. P. Lin, “Selective Cell Targeting with Light-
Absorbing Microparticles and Nanoparticles”, Biophysical 

Journal, 84, 4023-4032, 2003.
9. J. Neumann and R. Brinkmann, “Nucleation and 
dynamocs of bubbles forming around laser heated microab-
sorbers”, Proc. SPIE, Therapeutic Laser Applications and 

Laser-Tissue Interactions II, 5863, 2005.
10. J. Neumann, Mikroskopische Untersuchungen zur 

laser-induzierten Blasenbildung und –dynamik an absor-

bierenden Mikropartikeln, Inauguraldissertation zur Erlan-
gung der Doktorwuerde, Luebeck, 2005. 
11. V. P. Zharov, R. R. Letfullin and E. N. Gali-
tovskaya, “Microbubbles-overlapping mode for laser killing 
of cancer cells with absorbing nanoparticle clusters”, J. 

Phys. D: Appl. Phys.. 38, 1–11, 2005. 
12. V. P. Zharov, E. N. Galitovskaya, C. Johnson, and 
T. Kelly, “Synergistic Enhancement of Selective Nanopho-
tothermolysis with Gold Nanoclusters: Potential for Cancer 
Therapy”, Lasers in Surgery and Medicine, 37, 219–226, 
2005.
13. B. Ya. Kogan, A. A. Titov, V. Yu. Rakitinn, G. N. 
Vorozhtsov, S. G. Kuzmin, Cytotoxical products formation 
on the nanoparticles heated by the pulsed laser radiation, 
Book of Abstracts, 22th Annual Meeting of the Hyperther-
mic Oncology ECHO 2005, 2005, Graz, Austria, p. 108. 
14. B. Ya. Kogan, G. N. Vorozhtsov, L. A. Os-
trovskaya, N. V. Bluchterova, M. M. Fomina, V. A. Ryk-
ova, A. A. Titov, “Antitumor action of the nanoparticles 
heated by the pulsed laser radiation”, Proc. 15

th
 Int. Conf. 

NSTI-Nanotech 2006, www.nsti.org, ISBN 0-9767985-7-3 Vol. 2, 2006 73



“Lasers in Science, Technics, Medicine” (Lasers’2004). 
Adler. Russia, 2004. 
15. B. Ya. Kogan, L. A. Ostrovskaya, N. V. Blu-
chterova, M. M. Fomina, V. A. Rykova, A. A. Titov, G. N. 
Vorozhtsov, “Antitumor effect of the nanoparticles heated 
by the pulsed laser radiation”, Book of Abstracts, 22

th
 An-

nual Meeting of the Hyperthermic Oncology ECHO 2005, 
2005, Graz, Austria, pp. 104-105. 
16. R. Esenaliev, “Interaction of Radiation with Mi-
croparticles for Encancement of Drug Delivery in Tumors”, 
Proc. SPIE, 1999, 3601, 166-176. 
17. R. O. Esenaliev, I. V. Larina, K. V. Larin, M. Mo-
tamedi, B. M. Evers, “Mechanism of Laser-induced Drug 
Delivery in Tumors”, Proc. SPIE, 2000, 3914, 188-196. 

NSTI-Nanotech 2006, www.nsti.org, ISBN 0-9767985-7-3 Vol. 2, 200674


	280.pdf
	2. МATERIALS AND METHODS
	3.1. Principle of CPM
	REFERENCES



	373.pdf
	CONCLUSION
	REFERENCES

	771.pdf
	Preliminary cytotoxic effects of application of an AC magnetic field were obtained in CaCo-2 cell media in contact with 0.15 mg/ml of magnetite/crosslinked dextran nanoparticles.  A decrease in cell culture viability of about 60 % was found upon the application of an AC magnetic field at 3.0 kA/m and 1.0 kHz for about 45 minutes. 

	546.pdf
	3. CONCLUSIONS

	825.pdf
	 
	Each step of the bioactive functionalization was confirmed by a novel CBQCA (3-4-carboxybenzoyl quinoline-2-carboxaldehyde) fluorescence method (3). CBQCA is inherently a non-fluorescent molecule but fluoresces well when attached to amine groups that arise from the aminated surfaces and the amines from bioactive group moieties.   

	1030.pdf
	ABSTRACT
	Acknowledgements
	References


	342.pdf
	ABSTRACT
	4  CONCLUSIONS
	 
	 
	Figure 4: UV-VIS spectra of silver colloidal solution mixed with bacteria.
	 
	Figure 5: Time evolution of the major SERS peak.
	 
	Figure 7A: Tapping mode AFM image of a roughened silver surface after the landing of crystal violet molecules and subsequent thorough washing. 
	 
	Figure 7B: Flattened view of the tapping mode AFM image of the same surface shown above.
	 
	5  REFERENCES
	[
	[
	[
	[
	[
	[
	[


	228.pdf
	A
	ABSTRACT
	INTRODUCTION
	RULE BASED MODELING
	CELLULAR COMMUNICATION
	CHEMICAL  SIGNALING
	CONCLUSION
	REFERENCE

	658.pdf
	INTRODUCTION
	MATERIAL AND METHODS
	The phytoplankton
	The nutrients
	The system

	RESULTS AND DISCUTION
	CONCLUSIONS AND PRESPECTIVES
	REFERENCES

	215.pdf
	Self-Assembled Soft Nanomaterials from Renewable Resources 
	 
	 
	ABSTRACT 
	 
	Keywords: organic soft materials, amphiphiles, self-assembly, lipid nanotube, renewable resources. 
	3   RESULTS AND DISCUSSION 





	281.pdf
	Introduction
	Figure 2: Fig 1(a) shows a TEM image of lath-like single cry

	705.pdf
	Demonstrative Applications of the Infusion Process
	3.1 Anti-Fouling and Release Applications
	3.2 Enhanced Interfacial Bonding and Adhesion
	3.6 Flexible Broad band Radiation Absorbing materials

	633.pdf
	1. INTRODUCTION
	2. TECHNOLOGY & PRODUCTS
	3. APPLICATIONS
	4.  CONCLUSIONS

	995.pdf
	Electrochemical Synthesis of Polyaniline




