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Parameter Value

5.9x10% / m’

Free electron density , A,

8.85x10 " F/m

Permittivity of vacuum. &,

Refractive index of air , mn, | ﬂ””B

Refractive index of tissue , 1, 1.45
Charge on electron, € 1.6x10 .gl[.1
9.1x 10" kg

Mass of electron , M

Fermi velocity 12, 1_39)&’1{]5!?]‘ /5
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Value

Density of blood, o,

1000ks / m”

Specific heat of blood, [“&

A1k kg 'k

Metabolic heat , q.

LO91W / m’

Density of tissue, 2,

Specific heat of tssue, ()

1000kg / m*

4.2k kg 'K'

Thermal conductivity of tissue,

K,

0.55Wm 'K

Blood perfusion of lissue W,

1210 % m’s 'm™

Diclectric function of gold, 4424+ 2.53;
elar320mn)
Retractive index of tissuc 11, 1.45

Absorption cocfficient of GMNR

1
121 mm

Scattering coefficient of GNR

Density of tumer, 2

Absorption cocfficient of GNR

05 mm '

1100kg / m*

i
121 mm

Scattering coefficient of GNR

005 mm”

Drensity of tumor, 2,

Specific heat of tumor, If:

1100kg / m*

4.2k kg”'K'

Thermal conductivity of tumor,

K,

Blood perfusion of tumor W,

0.55Wm 'K

91107 m's'm™

Diglectric function of tisue £ 210
Refractive index of air 17, 1.0333
Absorption coefficient of tumor 0006 mm”

Scattering coefficient of tumaor

(325 mm '


http://icml.ir/article-1-358-en.html

[ Downloaded from icml.ir on 2026-02-12 ]

Temperature (degl]

G 31 g S8l (2led Ol 5 Sl Oloyd 53 3 O 9 O)3gl 8 w2

Srocleo P = o oS AN ANDNA M g pio o ¥ B 55 oy S g0 bl (il F S

(=8

0.008 1
o.00n - - - - - - - - -
0.007 ¢ 4
Q.008
0.005

0.004 1
0.0073
000z
0.001

1 1 'l L 't
o 0.003 (=81 [N ooz

-5 S Bl 5 yleys T3 oy oyles eyt Lo log0d (o JSCi

3 S a4 il g5 5l asl AL sl Led (s ol a8l (2l
b oo <8l sl el (plod 4S5 a0l 5 L B

Mz S el @i slologei VI G las o
FegVe il sloasle; gl=/00) V0 Wiem" izl oo
o e S (650 Al el o0 o0l it 4l 1)+
Jables sl o ool s b S 40 3a,3 bas L (Q=1) ) i,
o] 2L 4 45 i slojlail 4 Lo ol o g o ala>Dle 4
oo I3 oIS 55 Al o 5 e lay S BIS | Jp
20 09 Gl 3l (BB sled a5 wad o (Lt gl riores il
ol 43555 5 3 oo al33 St Gl Bl 5 5055 A
Ol Dol o 5 Cenl 5l 050 (ehab 8 les 4 o Sl 555
ples 8 ) w5 S Sae 4l Yo il oo 5 +/0 WiemY
] S 5] e s 2L 5 yg0g5 bl

@ e St cpl @d) 53 o (2l pae g Jobw (g3le i 2SS

ploa glb iy Ll g oy o Slee o 5w ¢ Glb pu (5l yog5 ol
Poloe SIS Gy Gleys ol (slooge 398 oo (o sloion
Olyea I @l idle i 5 )5 jlesliiul (nlpli ardl oo (souste
Ol o ailion ke by Loy 852 )0 0aliS lsnel g, S

£ oylods / O O 859 / L;‘“’)" 30 )3 delidad * A

Depth (mm)
|

L]
Radius (mm)

ol Ve Gl gloj yo pllow 8l g 9095 ol )0 lod (sl ,guils’ Hlog0s :F JS
oy ofee) Cdild LS cbaluogi oY Wiem” iuls

| | |
100 = -
T}
=
=
-
a 60 —
E
a
= .
40 — -
T g X T L I
m_ 1] 10 20
Radius (mm)

o SV Gl o 50 WIlaw Cdl g jg095 ol jo Lod celads &9 595 0 gd 10 JS—o
ok Z =+ YD B o du g duoyd of++) Clalé LM sraliogil o) Wiem” il

plSie Glizred ol 105 3925 55055 5 L dlaaliagil Lo (] i
5 0% Uit Sl S e g il il dlexjl e sl
Los 22395 S50 &5 St (lpailSle aloz 3l Slsilie sl )5 adgs

P F R TODNA L bl s s ez BB
3350 O (s—gals Sl 9 550 G lejyd yaishea ¥ Gos 5 yio oo
1o e o ols 5 S 1o bl eyl el 435,55 )
o sy skl 25 50 O S L (6l o e 2 Lo Jlogei S
ol e 9 48,5 158 )5 il Cod al )Y - sy L ST el
bl plas ;o aS ars o Hlid gl . conl oad algie ol g hgel>
oS ol e ol Kol 8 sl e lS 5 oy gl 5l Lo
Ol s izman ol i il 5 LejS JUis ys 2 ymn 3l
9 Comsl Yl y9095 35 0 0 S35 Bl 0 Dl ok (nl cond 45 S0 o0
2 les rals cpl rizmas Wb go (Al ol (pl 35 e 5l ol j0 b
Exoge Cnl o &5 ol oo (5 i Cuel )1 jgegs 4 SGo5 AL
W53 o] 2Bl 4y a8 slojlasl g Les s slaglads 4o 45 Cl oy


http://icml.ir/article-1-358-en.html

[ Downloaded from icml.ir on 2026-02-12 ]

Ve OhLSen 5 9o Glds gy

I
1
|
pors |
| |
| i |
| s |
| "i
| w1 |
| 1
\

ot L]
o |

—

(Q=1) JolS 3yl ot 555 yonS g0 S35 i o5 as 4l 1o g 5o Yo 2353 1 sloslog s */0 Wiem " iuli e 15 WIlow il 3 5085 Al 50 Lod s o3 (1Y JSs

| o | T — 1
I l= )

" 1 = il

. nocs|

: i v |

@ i Wa aeam}

] QS\oicﬁg‘l{,&ab)ASQZ\Oi‘ﬁ‘ﬂh&alj)o‘gw|

an

ol (Q21) JalS 73155 o 555 a5 po S oo 30,5 as il V1o g 5o Yo 2093 glocylos s V W/EM' il o 1o oIl bl g y9098 i 50 Lod 37 (1Y JSCS

ol DY T b &b 50 g B2 o] YL dsl jo a5

(Q=1) JolS (35l ot 335 youS g0 5SS i o5 as 4l 1o g 5o Yo 2353 1 sboslog s 1/ Wiem " iul ey 15 Wlow bl 3 5085 Al 0 Lod s o (Gl Y JSs

Sl 5 Al 59, 6oL Sl CaeS 90 opl a5 ol ol 3
W/ ol cos san 2ls log g (il oo 3148 g 9bas ol | olS
Cnns (S e 4y 00 sl (sloo g Sl 4l Y+ ¢ +/0 cm”
S I 0 SV 5l a8 9095 9 <8l bliS plos 0 (5> 55
e 0,5 loyo 1y jees g3 so ali VY- 9V /O Wiem™ o b
&3 syt ool 48T 18 0550 dllie (l )0 45T (6500 woe
o 9 bl pled jo Les aS oy lis gl .l 1ol aBgy 5l Loo
S blas jo Sl Gl el 5 Wl oo G )5 ol hgals
boo G (nl 35 50 5l s 590 b g Sl Jidon y9eg 35 e 4
FeS dy il aBgr slastiAe 5l e Les a5 0o o )lis gl (yuioren

Sy g0 0,8 il A 0 FY 5

ol DY G b &b 50 9 22 o YL dal 4o a5 cuwl

Mo staalanstls 3 50,55 i 3 s o ol ol ol
M@Lb}w)}o}; u_..u‘c\.:.ﬁ;)lﬁ R D90 ey ofee MEJ.CL)
Sedls 5 yiaclen 8 £lis )| g o ood + plas b shlgi ol £l &g
Foshea Ve gl g e den Yo gl b (lalgil &)000 (S35
‘u’alao)f}u dolss ul./a}.o.b J.> uul.;.u‘f h_)Ln.MJL?(A Mlowu)f)lm)e
Mo (sloalogl 9055 )3 5500 595 iz (533,515 )8 b g ywged | Uolas
et 3 i ot gl el Jon 0ol 5 et il
99095 9 b il «Sdgilie Slo )5 )5 598 (ST 53U ol
6932 W sy 2 Consloanloard 51555 Lo s (395 (35908 €55 Ol s 59
a8 3,10 18 mhaws ;5 5 j5055 55 ye 55 Led [ iy a5 0o (LA Lo & 565
OB Ol 9 Do (5950 b o) p gulS b o0 2L 5095 55 10


http://icml.ir/article-1-358-en.html

[ Downloaded from icml.ir on 2026-02-12 ]

G ) o S8 (led Olpei 9 Ol Glays 33 33 O 9 O39L 4T iy

References:

1. Shan GS, Liu XM, Che HJ, Yu JS, Chen XD, Yao
Y, Qi LM, Chen ZJ. Investigation of laser heating effect of
metallic nanoparticles on cancer treatment. [OP Conf Series:
Materials Science and Engineering 2016; 137: 012013.

2. TAKOOK P. Towards a microwave hyperthermia
system for head and neck tumors. Department of Signals and
Systems CHALMERS UNIVERSITY OF TECHNOLOGY
Goteborg Sweden 2016.

3. VanOsdol J, Ektate K, Ramasamy S, Maples D, Collins
W, Malayer J, Ranjan A. Sequential HIFU heating and
nanobubble encapsulation provide efficient drug penetration
from stealth and temperature sensitive liposomes in colon
cancer. Journal of Controlled Release 2017; 247: 55-63.

4. Wust P, Hildebrandt B, Sreenivasa G, Rau B,
Gellermann J, Riess H. Hyperthermia in combined treatment
of cancer. Lancet Oncol 2002; 3: 487-97.

5. Falk MH, Issels RD. Hyperthermia in oncology. Int J
Hyperthermia 2001; 17: 1-18.

6. Gerweck LE, Richards B. Influence of pH on the
thermal sensitivity of cultured human glioblastoma cells.
Cancer Res 1981; 41: 845-9.

7. Parakhonskiy BV, Gorin DA, Ba"umler H, Skirtach
AG. Temperature rise around nanoparticles. J] Therm Anal
Calorim 2017; 127: 895-904.

8. Hirsch LR, Stafford RJ, Bankson JA, Sershen SR,
Rivera B, Price RE. Nanoshell-mediated near-infrared
thermal therapy of tumors under magnetic resonance
guidance. Proc Natl Acad Sci USA 2003; 100: 13549-54.

9. Chun-Wen Hsiao, Er-Yuan Chuang, Hsin-Lung Chen,
Dehui Wan, Chiranjeevi Korupalli, Zi-Xian Liao, Ya-Ling
Chiu, Wei-Tso Chia, Kun-Ju Lin e, Hsing-Wen Sung.
Photothermal tumor ablation in mice with repeated therapy
sessions using NIR-absorbing micellar hydrogels formed in
situ. Biomaterials 2015; 56: 26-35.

10. Huang X, El-Sayed IH, Qian W, El-Sayed MA. Cancer
cell imaging and photothermal therapy in the near infrared
region by using gold nanorods. J Am Chem Soc 2006; 128:
2115-20.

11. Huff TB, Tong L, Zhao Y, Hansen MN, Cheng JX,
Wei A. Hyperthermia effects of gold nanorods on tumor

€ Bylods / 3jsw by9d / Sy 53 )3 dolilad o Ve

cells. Nanomedicine 2007; 2: 125-32.

12. Choi WI, Kim JY, Kang C, Byeon CC, Kim YH, Tae
G. Tumor regression in vivo by photothermal therapy based
on Gold-nanorod loaded functional nanocarriers. ACS Nano
2011; 5: 1995-2003.

13. Zhou F, Xing D, Ou Z, Wu B, Resasco DE, Chen WR.
Cancer photothermal therapy in the near-infrared region by
using single-walled carbon nanotubes. J Biomed Opt 2009;
14: 0210009.

14. Kam NWS, O’Connell M, Wisdom JA, Dai H. Carbon
nanotubes as multifunctional biological transporters and
near infrared agents for selective cancer cell destruction.
Proc Natl Acad Sci USA 2005; 102: 11600-5.

15. Chen J, Wiley B, Li ZY, Campbell D, Saeki F, Cang H.
Gold nanocages: Engineering their structure for biomedical
applications. Adv Mater 2005; 17: 2255-61.

16. Hu M, Petrova H, Chen J, McLellan JM, Siekkinen
AR, Marquez M. Ultrafast laser studies of the photothermal
properties of gold nanocages. J Phys Chem B 2006; 110:
1520-4.

17. Xiaoyuan Liang, Wenting Shang, Chongwei Chi,
Chaoting Zeng, Kun Wang, Chihua Fang, Qingshan Chen,
Huiyu Liu, Yingfang Fan, Jie Tian b. Dye-conjugated single-
walled carbon nanotubes induce photothermal therapy under
the guidance of near-infrared imaging. Cancer Letters 2016;
383:243-9.

18. Mobley J, Vo-Dinh T. Optical properties of tissues. In:
VoDinh T, editor. Biomedical Photonics Handbook. Boca
Raton, FL: CRC Press 2003; 2—-38.

19. Maltzahn GV, Park J, Agrawal A, Bandaru NK, Das
SK, Sailor MJ. Computationally guided photothermal tumor
therapy using long-circulating gold nanorod antennas.
Cancer Res 2009; 69: 3892-900.

20.Xu X, Meade A, Bayazitoglu Y. Numerical

investigation of  nanoparticle-assisted  laser-induced
interstitial thermotherapy toward tumor and cancer
treatments. Lasers Med Sci 2011; 26: 213-22.

21. Vera J, Bayazitoglu Y. A note on laser penetration in
nanoshell deposited tissue. Int J Heat Mass Transf 2009; 52:
3402-6.

22.Eillot AM, Schwartz JS, Wang J, Shetty AM,


http://icml.ir/article-1-358-en.html

[ Downloaded from icml.ir on 2026-02-12 ]

IV 6 OLSen 5 g0l Olds o2y

Bougoyne C, O’Neal D. Quantitative comparison of delta
P1 versus optical diffusion approximations for modeling
near-infrared gold nanoshell heating. Med Phys 2009; 36:
1351-8.

23. Feng Y, Fuentes D, Hawkins A, Bass J, Rylander MN,
Eillot A. Nanoshell-mediated laser surgery simulation for
prostate cancer treatment. Eng Comput 2009; 25: 3—-13.

24, Elliott AM, Shetty AM, Wang J, Hazle JD, Staffor RJ.
Use of gold nanoshells to constrain and enhance laser thermal
therapy of metastatic liver tumours. Int J Hyperthermia 2010;
26: 434-40.

25. Huang H, Rege K, Heys JJ. Spatiotemporal temperature
distribution and cancer cell death in response to extracellular
hyperthermia induced by gold nanorods. ACS Nano 2010;
4:2892-900.

26. BrunoAB, Maurente A, Lamien B, Orlande HRB.
Numerical simulation of nanoparticles assisted laser
photothermal therapy: a comparison of the P1-approximation
and discrete ordinate methods. Journal of the Brazilian
Society of Mechanical Sciences and Engineering,February
2017; 39(2): 621-30.

27.Kumar P, Srivastava R. Nanomedicine for Cancer
Therapy. Part of the series SpringerBriefs in Applied
Sciences and Technology 2016; 1-68.

28.Li Ling Yeo E, U-Jin Cheah J, Jing Hui Neo D, Ing
Goh W, Kanchanawong P, Chee Soo K, Soo Ping Thong
P, Chen Yong Kah J. Exploiting the protein corona around
gold nanorods for low-dose combined photothermal and
photodynamic therapy. Royal Society of chemistry 2017; 5:
254-68.

29, Paridaa S, Maitib C, Rajesha Y, K Deya K, Pala I,
Parekha A, Patrac R, Dharab D, Kumar Duttac P, Mandala
M.Gold nanorod embedded reduction responsive block
copolymer micelle-triggered drug delivery combined
with photothermal ablation for targeted cancer therapy.
Biochimica et Biophysica Acta (BBA) - General Subjects
2017; 3039-52.

30. Pennes HH. Analysis of tissue and arterial blood
temperatures in the resting human forearm. J Appl Physiol
1948; 1: 93—122.

31. Baish JW. Microvascular heat transfer. In: Bronzino
JD, editor. The Biomedical Engineering Handbook 2nd ed.
Boca Raton, FL: CRC Press; 2000.

32.Stolwijk JA. Mathematical models of thermal
regulation. Ann NY Acad Sci 1980; 335: 98—106.

33. Bashkatov AN, Genina EA, Kochubey VI, Tuchin VV.
Optical properties of human skin, subcutaneous and mucous
tissues in the wavelength range from 400 to 2000 nm. J Phys
D: Appl Phys 2005; 38: 2543-55.

34. Tseng SH, Grant A, Durkin AJ. In vivo determination
of skin near-infrared optical properties using diffuse optical
spectroscopy. J Biomed Opt 2008; 13: 014016.

35. Jacques SL. Role of tissue optics and pulse duration on
tissue effects during high-power laser irradiation. Appl Opt
1993; 32: 2447-54.

36. Bohren CF, Huffman D. Absorption and Scattering of
Light by Small Particles. New York: Wiley 1983.

37. Maier SA. Plasmonics Fundamentals and Applications.
New York: Springer Science 2007.

38. Nardine S.Abadeer, Catherine, J. Murphy. Recent
Progress in Cancer Thermal Therapy using Gold
Nanoparticles. The Journal of Physical Chemistry 2016.

39.N.T. Wright, On a relationship between the Arrhenius
parameters from thermal damage studies, J. Biomech. Eng
2003; 125: 300-4.

40. Diller KR, Pearce JA. Issues in modeling thermal
alterations in tissues, Annals of the NEW YORK Academy
of Sciences 1999; 888: 153-64.

41. Patel NV, Jethwa PR, Shetty A, Danish SF. Does the
real-time thermal damage estimate allow for estimation
of tumor control after MRI-guided laserinduced thermal
therapy? Initial experience with recurrent intracranial
ependymomas, J. Neurosurg. Pediatr 2015; 15: 363-71.

42.Li W, Luo XY. An invariant-based damage model for
human and animal skins, Ann. Biomed. Eng 2016; 1-14.

43. Soni S, Tyagi H, TaylorRA, Kumar A. EFFECT OF
NANOPARTICLE CONCENTRATION ON THERMAL
DAMAGE IN NANOPARTICLE-ASSISTED THERMAL
THERAPY . Proceedings of the ASME 2016 5th International
Conference on Micro/Nanoscale Heat and Mass Transfer
January 4-6, 2016, Biopolis, Singapore.


http://icml.ir/article-1-358-en.html
http://www.tcpdf.org

