LR R R ARG S

TOE A F H K KR F

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

¥k AL X

& H RARIGR T AR R S 56 T 72

ki vg Tl =| Experimental Study on Nanocryosurgery
ST Y3z e i AR B AR

" A BRI ¥ 5 PB12025015

S W G
A —O T




R AR K AR S

i

FERSCRUR AT Z B, BT, DIEAAANGE . AR EEEATF
BN 016 T, REITNISE Ik H, FBIEIT TR, A0 R,
B tEE I TARRSEL, XSRS, SRR T3, RZIAER
FUASC, Mo HAERMN, RIS IIREFE o B T 52T i oxt B A LA Aig S5 AR
og TR T AL RFR MR, IR AT, FIBRZE R T HAIA
FBHEMVIR S o U IRARIT I« SEAR SR S F5 T B A P SN A o TR S B0 = 1
At AL SCITAH,  ARATT R Bl B e AN T SE S

IR AL 3R R I F 2, ARV R AR IR IR IR, BUAE [P ARG AE
FHARR AR H T, R AR IR BRI . BB 2B i SRR X138
FEREFE S, IR URER S ) P B

UL AT RPN, A2 P 3R T . RO & AT IR,
SR ATT Y i

DRI 3 AR AR . HRIFESSR 2, A3 SCBEXT R K D)
WS AR B BT SO, I T HABSR N AR B IR

BEJRYL
2016 %5 A 20 H



R AR K AR S

g oo e e e e e e e e e e et e et e et r et oottt 2
ABSTRACT .o ee e e e e e e e et e e e e s et e s et et et et e s e s e s e s e s et et e s e s e s et e s e s et eses et eseseseseseseseseranas 3
B L BE 20 oo e e ettt ettt et 4
1oL TR TR X oot r e e e s et e e e s s e e e s es e s e e e neraser e 4

L L L e oo e eeee et e e e et e et e e e e e e et e e e e et e et eateeere et eareeereetaaeeaaeeeteareeareeereaeeareearans 4

L2 R T T R AT 0 oo e e ettt r ettt r e r e 4

1.3 KA T R oo e ettt erer e 6
2 R S G T P 2 oo e ee e e es e 7
B 2 B S T oottt et et r et et e e e erererene 8
2.1 AR S Al S U ZH 2 AT TR TR e 8
2.2 R T TP Tl oo e ettt 9
2.3 T T U B e e e e e e e e e e e e e e e e e e e e e eaaeaaaaans 10
2 A T T oo e e e e e e e e e e st e e et eses e eeee et eseeeeeraresereas 10
2.5 B T B TE oo et e e e et et e e e et e s e s e e et et eserenerarererenes 11
o I S W L SRR STTRT 14
3.1 ST T ST T oot e e e e e e e et et e e e e en et e s et e e s arererens 14
E I R My i = OSSR 15

B.201 SZIE T oottt ettt e et e e e e et et et et ete et eareateereeneens 16

302,20 B 2 ettt et e e e e et et et et et aatanteareeeaaeens 19
R e SRR 24
B A TR e ee ettt e e et et e et e e et et et e e et et eae et et eeareat et ereas et aneaaeatenseneareteeereen 25



R 2RO 22 AR 8 ST

P ABHE

JENE A —FAET R MmN SR A A o ARIR MR AR BL— ik
U5 AL H7 B2 AN Wi v R AR T T8 BV B K 1 R o ARG - A R v
JYOTik, AR T AR EA MRS, EEEIACI D/ wild . E
PR R 5 0 T BAMIIR MR AR 1K 2 AR, HERR T ARIFRA
JRA BB T B H T 1%, 18 BT AR I PR . A7 A R 25 DX IR NS IR A
DORS BRI ¥ VAR R M50 5 AN 5 38 46 1) AL

ASCNSEIR T TR R 1 AT REFEVIAATER E B MgO ZRBUR A IGR
FARIRERIETT BCR NI . FETORIL, MgO ZR BTk AE s t A8 AL WAL 2 1 3%
Yok, EARIRTARKA RERGRIGE S . (HE MgO GHoKRURLIA KX I {2 i3k
PEFIRIS AR AR H M R 2% o S8 BAR S ML 75 22 LUJR 4R 82t AT W SRR
(EEA ST T FU 45 SRR PR BARAT B2 e 8 i A% SE IR T AR U5 32 i s 1 X L

FAER . GORMGIR TR, AR, YL



R 2RO 22 AR 8 ST

Abstract

Cancer is a disease with a high rate of mortality and a serious threat to human life.
Low temperature surgery is a minimally invasive way to achieve the purpose of
eliminating the focus by continuously freezing and thawing. Compared with other
tumor treatment methods, low temperature surgery has its unique advantages in clinical
practice, mainly in the aspects of small trauma, less bleeding, rapid recovery and less
pain. Although the cryosurgery has made considerable development, low temperature
operation isn’t the routine in tumor treatment, which is due to in clinical application the
size and shape of the frozen area are difficult to control accurately, and frozen and
monitoring equipment is not perfect etc..

In this paper, the effects of MgO nanoparticles, which has good biological
compatibility, on the treatment efficiency of low temperature operation were explored.
The study found that MgO nanoparticles can change the thermal properties of biological
tissue, so that the freezing rate of low temperature operation can be improved. But the
effect of MgO nanoparticles concentration on this kind of promoting effect is very
complicated. In spite of the mechanisms need to continue to study, but the results of
this study indicate that nanotechnology is expected to be able to solve the problems of

traditional methods of low temperature operation.

Keywords: Nano-cryosurgery ; Freezing rate ; Bio-heat transfer
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R TR I S 58, S 1 OB .«

# 3 FEEA T 5 mm BRI AR

W
EJEC 0 mg/ml 0.5 mg/ml 1.0 mg/ml 5.0 mg/ml

EE:!

2016/3/7 —-0. 466

2016/3/10 -10. 406
2016/3/14 1.571 8. 55h3

2016/3/16 8. 907 5. 509

2016/3/18 1. 707

2016/3/19 -0. 308 -1.714 -7.698
2016/3/24 -2.684 -2.323 —5. 624

2016/3/25 3. 214&4. 605
2016/3/26 2. 457

2016/3/31 7.733 11. 866

2016/4/1 8. 286 5. 636 9.726 11.971
2016/4/6 9. 057 9. 418
2016/4/18 1.194 8. 493

17




R 2RO 22 AR 8 ST

X B HE T A O TR AR . T AR B AR S RV T

M TARRBL ZE R, BRA TIR R A, SR Bkl (217
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R AR K AR S

LR R 22 0 AN KT 2 25 2 B P P A L B PR BT RS 1 B2 SUAN K. 2016/3/25 Al
2016/3/26 M4 TIAE ) B #E 22 DA K v VR TT A B ISR R 1R 4 Bk A
WA A AR MR T ZEBRNI )G, £ 2016/3/31 K LG H ¥
B, BREEH RIS 2016/5/23 MR 72 H i 21 (1< 1 5 & W7 W 4k
DA R 7332 B RIREOER R IR LA TE, FEEUE A ]
322 X2

MgO ik B i by, B B B NRIERAG 1. B T¥ J] TARIRML
(28 5%, DA 2 RS a8 A #4 e AR 1) 7 B 0 LURE B 1), XoF T 9Kkl TR B %
R IR P AR AR DA o 28 38 SOMGHIT B FH S B 0 A P 1 57 0 5 4 Fr A
EMRRET ] 3.6 F1 3.7 ffrs . X BARIE & 7 IHK /N N67 mm x 67 mm;
X B A A B A IR R4 4ME 9 0.8 mm, AR 0.51 mm, 1T JEIINR AR A
H2mm. EEHCRA 7B,

A

K36 G

19



HERABAR K E AT 83

3.7 MR IRET

3.8 e skn e R IRIRIE S, W LA AR TI RO B AR B R A+ A E] 1

N

K3.8  seinida A

20



H E RRERAR R E AR B85

T S2 5 B oS L KR B BV JTON 5 mm AR RRIR 2, BT ORI SEIGE
W7 W, Wil 3.9 fivn. A 7 SRS A S AR [ [ e PR EF IO A B 2B wiE T
3.10 FiRiss T, WEBEEP LR %), X ERNERRA T ELAH
MR AS IO GAKTIURL ) A4 L S 56 25 SR an P 3.1 () s PR R IR A 22 LA DS,
FEESYAT) -5 mm HIIR RS A T 5 mm (I ZRIR BEAR, 7421 240 s I 4%
26 A 2££90.7°C, IX MiZ%A2 8 TR IRET AL IR 22 1 R IR . 283 3Lk
JE IR MgO WK JEZ N 0. 0.5 mg/ml,  F3 7l A T-¥8 T1 e AMATAS ] LA K A 4 A0 2 A g
SEOGZR, ANl 3.11(0)F1 3.11(C) . AKAE T RAN GG A % T RIS
fik2.937°CHi13.161°C.
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PSR 2 22 LU D, R BE BSvA 7] -5 mm (1R 2 ELER 2974 70 5 mm ) it 2 IR
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