GIAO TRINH CO SO LY SINH
Co s¢ sinh hoc bite xa

han: MGé dau
hanII: Cosé vatly

Phan III: T4c dung sinh hoc cda bic xa
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MG PAU ,
CAC UNG DUNG CUA BUC XA TRONG Y TE

Cac dac diém cua blrc xa ion hoa va ing dung cla chung:
« kha nang ion héa va kich thich nguyén t&r
— Phuong phap ion héa:
— xa tri: trung tdm Ung budu TPHCM, bénh vién Cho Ray
— khtr trung: trung tdm chiéu xa tai Thu Buc
— diét con trung, tao do6t bién: trong néng nghiép, nghién cuu sinh hoc
« kha nang dam xuyén qua véat chat
— Phuang phap ghi nhan birc xa truyén qua: X quang, CT, Angio
Buoc ap dung tai khoa chan doan hinh anh cda cac bénh vién

« tinh chat khéng phan biét vé mat hoa hoc gilra dong vi phéng xa va
déng vi bén + kha nang duoc ghi nhan bdi hé théng do dac rat nhay

— Phuong phap danh dau phong xa: chan doan hinh anh (PET, SPECT)
va xét nghiém in vitro

Duioc dp dung tai khoa y hoc hat nhdn & mot sé bénh vién



XA TRI BANG MAY GIA TOC




LAP KE HOACH CHO XA TRI BANG MAY GIA TOC

Patient Geometry Beam Setup Options ERT

D55 External Beams // HWUNGER // Rev B1 // Slice at 3.8 cm
Hax=93.4% Hean=43.5% Target: Hax=8.8% Min=0.0% Hean=08.0% [©12.6 cn

Pelvis Plan Inhomogens ity On
Maximum Dose 4177.4 of 16.3, 16.3, 2.0

Horm v MAXIMUM

el TNl 100,08 = 41774

LEVEL PERCENT DOSE

2 90.0%- 3759.7)
4 80,03= 3341.9

5 7%.0%= 3133.0
6 50,0%8= 2088.7




LAP KE HOACH CHO XA TRI BANG MAY GIA TOC
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CHUP ANH CAT LGP NHG SU HO TRG CUA MAY TINH
(COMPUTED TOMOGRAPHY, CT)

H
SOMATOM
Sensation 64
9 sec for 120 mm
64 x 0.6mm (2x32)
Resolution 0.4 mm
Rotation 0.37 sec
120 kV / 650 mAs
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POSITRON EMISSION TOMOGRAPHY (PET) + CT







Vi DU VE MOT HE THONG GHI NHAN ANH CT

Slice or Axial Image

Image Recon. Computer

Data Acquisition



PE AP DUNG BUC XA THANH CONG, CAN NAM VUNG

s

Cac dac diém cla blc xa va ngudn birc xa (ngudn
déng vi, may phat tia, may gia toc)

Co sd vat ly clia su twang tac gilra birc xa va vat chat
Tac dung sinh hoc cua burc xa

Phuong phap va thiét bi ghi nhan bulrc xa

Kyr;t)huat Xt ly va hién thi anh (trong chan doan hinh
an

Phan co s& gidi thiéu Co sd vat |y cua su’ tuong tac vét
ly gitta buc xa va vat chat vaTac dung sinh hoc cua
buc xa.

Cac muc con lai sé dugc dé cap trong cac bai giang vé
cac ing dung cu thé clia birc xa trong y t€ va nong
nghiép.
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CO SO VATLY
CAU TAO CUA NGUYEN TU

VAt chat cau tao tif cdc nguyén to

- Moi vat chat quanh ta, k& cd cd thé cla chiing ta, déu cau
tao ti cac nguyén tir (atom).

- C4c nguyén t rdt nhd: mot cm? nude chira khodng 1023 (mot
trdm ngan ti ti) nguyén tu !

- Hai hay nhi€u nguyén tit k€t hdp lai thanh phan .

- Nhifng dai phan t& hitu cd nhu ADN c6 thé bao gdm hang
tri¢u nguyén tu.

Nguyén ti gdm mdt hat nhdn (nucleus) & gitta va cdc electron
chuyén dong chung quanh

- C4c electron dudgc ky hi€u la e-.

. Chung 1a nhitng hat rit nhe (khoi lugng m = 9,1.10-31ke),

» Cac electron mang dién tich am, e =- 1,6.10°° C.
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CAU TAO CUA HAT NHAN

—eclectron (e") —_ proton (p)

hat nhan

~~_ neutron (n)

Hinh dung vé nguyén tit Hinh dung vé hat nhén
Hat nhin gdm cédc proton va neutron

Cédc proton va neutron c¢6 khoi lugng xap xi bang nhau va ning
hon electron khodng 2000 lan.

Cac neutron khong mang di€n; ky hi€u n.

Cac proton mang dién tich dudng va bing véi dién tich cla
electron; ky hi€u p.

Nguyén tif bén vitng nhd luc hit dién gitta cdc electron va céc
proton.

SO proton bing s6 electron, nén binh thudng nguyén ti trung hda
vé dién.

Kich thudc cua hat nhan bé hon ctua nguyén tir khoang 10.000 lan
= nguyén tf gan nhu réng khong !
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TINH CHAT CUA NGUYEN TU PHU THUOC VAO
CAI GI 2

Tinh chat héa hoc phuy thudc vao sé thit tu nguyén tit
(atomic number Z): tong sO proton (hay so electron) co
trong mot nguyén tu.

v Vi du: nguyén to 6xy c6 Z = 8; hidr6 c6 Z = 1.

v D61 v6i hop chat, ngudi ta dung khdi niém nguyén t

sO hi€u dung (effective atomic number Z ;)

Tinh chat vat 1y (su phong xa) phu thuéc vao sé khoi
(atomic mass A): tong sO proton va neutron co trong hat
nhan nguyén tu.
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CAU TRUC LGP CUA CAC ELECTRON TRONG
NGUYEN TU

Cac electron trong nguyén ti (mang di€én Am) bi hit bdi hat nhan
(mang di€n ducng).

Tuy nhién ching khong rdi vao nhin ma chuyén dong khong
ngung quanh nhan.

C6 thé hinh dung ring cic electron chuyén dong thanh tirng 16p
quanh nhan.

g(}’f4hiéu cac 16p tu trong ra ngoai la K, L, M, N, tng v6in=1, 2,
O mdi 16p, chi c6 mot s6 electron t6i da duge phép c6é miit.
Vidu: 16p K (n = 1) c6 t61 da 2 electron

16p L (n =2) c6 t01 da 8 electron

16p M (n = 3) c6 t61 da 18 electron

N6i chung, 16p thit n ¢6 t61 da 2n? electron.
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CAC MUC NANG LUGNG CUA ELECTRON TRONG

NGUYEN TU

Thé ndne va ndnge luong lién két

Do chiu lyc hit cia hat nhin, cdc electron § moi 16p c6 mot
thé ning tuong tic véi hat nhan nhat dinh.

Qu1 udc: khi electron khong lién k€t vGi hat nhan, thé nang
ctia n6 bing khong; trong nguyén ti, electron cé thé nang am.

Céc electron & céc 16p trong ¢6 thé ning Am hon cdc electron
d cac 16p ngoai.
Tri tuyét doi cua thé ning dugc goi 1a ning ludng lién két
(binding energy).

Ndng luong kich thich
LA ning luong cin thiét d€ ning electron tif mifc thap nhat
1€n cac muc cao hon.

D€ tinh nang lugng kich thich, ngudi ta 14y mdc ning lugng
thap nhit biang khong.
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THANG NANG LUGNG CUA ELECTRON

- C4c nguyén t0 khdc nhau ¢6 cdc thang ning ludng khac nhau, dic
trung cho nguyén to do.

- Noi chung, khoang cach giira cac I6p trong c¢6 do 16n la keV, giita
cac 16p ngoai la vai eV. Nguyén tu cang ning, khoang cach nay
cang rOng.

Lop  Thé ning NL kich thich
OeV 13,6 eV
N -0,85 eV 12,75 eV
M -1,5eV 12,1 eV
L -3,4eV 10,2 eV
K -13,6 eV OeV

16
Cac muc nang luong trong nguyén t& hidrd



PHAN TU, NGUYEN TO, HGP CHAT

Cac electron ngoa1 cung dugc goi la cac eleetron hoa tri. Chung
c6 thé lién két véi cdc electron héa tri ciia nguyén tir khac d€ tao
thanh phan tir (molecule)

Mot phan tu ¢6 thé gdm hai hay nhiéu nguyén t& ciing Z hay khéc
Z lién két v6i nhau.

Vi du:
- Phan tf 6xy gdm hai nguyén tf 6xy, ky hiéu O».
- Phan t nu6c gdbm hai nguyén t hidrd va mdt nguyén ti Oxy,
ky hiéu H,O.
Phan tt ADN 132 mdt phan tir hitu ¢d 16n gom rat nhiéu nguyén ti
H, C va O.

Cdc chat ma phén tu cua chung ciu tao bdi céc nguyen tu cung
loa1 dugc g01 la nguyén t0 (element) hay don chat. Cdc chat ma
phan ti clia ching ciu tao bdi cdc nguyén ti khic loai duge goi 1a
hop chat (compound)

Phan biét nguyén td va hop chat trong cdc chat sau: Oxy, khong
khi, nuéc, chi, bétdng.
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ION DUONG VA ION AM

Khi mot nguyén tf mat di electron hay nhin thém electron, ta
no1 n6 b1 1on hoa (1onized).

Khi nguyén tf mat electron, n6é s& mang di€n duong: ion duong.
Cdc ion duong thuong tim cdch gianh ldy electron cia cdc
nguyén tu, phdn tir ldn cdn no.

Khi nguyén ti nhian thém electron thi n6 s€ mang di€n am: ion
am.

Cdc ion dm thuong tim cdch nhd bot electron cho cdc nguyén tu,
phdn tu lan cdn no.

Mot 1on dudng va mot electron dugc goi 1a mot cdp 1on (1on
pair).

Nguyén tif ¢ thé bi ion héa khi bi birc xa (photon, electron,
v.v..) chiéu vao.

Su ion héa 1am cdc nguyén t, phan t& bi mat 6n dinh, — dut
lién két phan ti

— Sy ion hod do bic xa 1am thay doi tinh chat sinh hoc clia t&€ bao

— Bifc xa gay tdc dung sinh hoc 1én co thé song.
18



SU PHAT VA HAP THU BUC XA CUA NGUYEN TU
PINH LUAT BAO TOAN NANG LUGNG

Su phat bifc xa cua nguyén tu:
Khi mot electron ¢ 16p trong cua nguyén tur bi mag, thi mot
electron G 16p ngoai s€ nhanh chong nhay vao thé cho.
Do electron & I6p ngoai ¢é ning lugng 16n hon G 16p trong,
nén s€ c6 nang lugng thuwa phatra.
Phan nang lugng thira dugc phat ra ngoai dudi dang mot
photon.
> Nang lugng ciia photon diing bang hiéu ndng lugng ciia hai

muic (dinh ludt bao toan nang luong).
Khi electron tir thé ning cao E; nhay vao mic thap E;, thi
photon phat ra s€ c6 nang lugng

hv =E> - Er1.

h =6,625.1034J.s : hing s0 Plank; v : tan s0 cia photon.
Dot khi ndng luong nay cung dugc phdt ra dudi dang mot
electron, dugc goi la electron Auger.
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SU PHAT VA HAP THU BUC XA
PINH LUAT BAO TOAN NANG LUGNG

Su kich thich
Electron cling c6 thé nhay tif mdc ning lugng dudi 1€n mic
trén khi nhin dugc mot nang lugng dang bang hi€u hai muc

ning lugng d6 (chiang han do hap thu mdt photon)

Su ion héa do buc xa
Electron ciing ¢6 thé bi bat ra khoi nguyén ti do hap thu
mot Ehotqn, néu photon c6 ndng lugng 16n hon nang luong
li€n két cua electron.
Khi d6, dgng nidng electron Ex s€ bang ning lugng cua
hoton, trtr di ndng Iugng lién két clia electron Wik (dinh
uat bao toan nang lugng)

Ex =hv - Wy
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SU PHAT VA HAP THU BUC XA (tt)

= =

Hinh dung vé su phdt bitc xa va sy ion héa do hdp thu biic xa

Do day cac muc nang lu’dng trong nguyen tu 1a khac nhau
cho moi loai nguyén t0 khac nhau, nén day nang lu’dng cua
c4c photon ciing khdc nhau cho modi loai nguyén ti .

Cac photon do thuong dudc goi 1a tia X dac trung
(characteristic X ray).

Phan tich day nang lugng cua cac photon phat ra, ngudi ta co
thé bi€t nguyén to phit ra photon do la gi.
Vi du: phép phan tich quang pho.

21



ANH HUGNG CUA SU ION HOA VA KICH THICH PEN
CAC PHAN TU SINH HOC

Trong cdc t€ bao, cdc phan t hitu c¢o thudng thuc hién nhitng chic

nang riéng biét. Mot sd phan tir dong nhitng vai trdo quan trong

trong viéc duy tri su ton tai cua t€ bao. Khi cac phan ti nay bi

pha v3d, t€ bao dé c6 thé bi hiy hoai.

Phan t& c6 thé bi phd v& néu né bi mat di mot hay nhiéu electron.

Nguyén nhan 1a electron bi mot tia bifc xa hat ving ra, hoic bi

moOt phan t khdc hay mot ion duong gianh 14y.

(Céc ion duong thudng rat “thém” electron va chiing thudng gianh

electron cta cac phan tir khic, n€u phan tif nay khong du sdc gilr

cac electron lai.)

Phan t cling c¢6 thé bi phd v& néu né nhan thém mdt hay nhiéu

electron.

Trong t€ bao c6 rat nhiéu cdc phan tf nuéc (70-80%), khi bi ion

héa, phan tir nuGe c6 thé bi phan ly (su thuy phan do biic xa).

Qua trinh nay ¢o thé lam sinh ra nhirng gbc tu do (radical) OH*,

H* c¢6 hoat tinh hod hoc rat manh, cong pha cac phan tu sinh hoc.
22



CAU TRUC CUA HAT NHAN NGUYEN TU

Hat nhin cdu tao tif cdc proton va neutron.
Proton va neutron dugc goi chung la nucleon.
C4c nucleon trong hat nhan lién két v4i nhau bing luc hat nhan.

Mit khac, cac proton day nhau bang lyc di€n. Nén hat nhan c6 thé
khong bén. Cic hat nhin cd ti s gitta sO proton va sO neutron qué
16n hay qué bé thudng s& dan din bién doi thanh hat nhan khéc.

Tuong tu nhu nguyén t, trong hat nhan, cac nucleon ciing cé cac
miic ning lugng gian doan. Nhung khoang cich gitta cdc mic ning
lugng thudng vao khoang MeV.

Phan loai hat nhan -- Ky hi€u hat nhan.

C4c hat nhan cua cung mot nguyen t0 (vi du 6xy) ludn ludn cé cung
sO proton nhung cé thé c6 so neutron khic nhau.

Tong so proton trong mot hat nhan dugc goi 1a sé' dién tich, ky hicu
1a Z; tdng s6 proton va neutron trong mot hat nhan dude goi [a 56

khoz ky hiéu 1a A.
Mot hat nhan c6 thé dugc dic trung bdi hai s6 Z va A.

Ky hiéu hat nhan: AX hay X-A. Trong d6 X 1a ky hiéu cua nguyén
td tuwong tng v4i hat nhan d6. Vi du ®°Co, C-12 v.v..

23



CAC HAT NHAN PONG VI
PONG VI BEN VA DONG VI KHONG BEN

C4c hat nhan c6 cing Z nhung khic A dudc goi 1a cdc dong vi
(isotope).

Mot nguyén td ¢ thé ¢6 hing
0-13, O-14, O-15, O-16, O-17,
0-23, O-24.

Mot vai dong vi 12 bén, cic dong vi cOn lai thudng 12 khong bén va
¢ thé bién déi (phan ra) thanh cédc hat nhan khéc: cdc dong vi
phong xa.

Cac dong \%! phong Xa CO thé c6 ngudn goc tw nhi€én hay dudc tao ra
trong cic mdy gia toc hodc trong 10 phan tng hat nhan.

Vi du: O-16, O-17, O-18 1a bén, con lai 12 cdc dong vi phéng xa.

Khi phan rd thanh hat nhan khéc, cdc dong vi phong Xa phat ra cac
tia khong nhin thay, nhung c6 kh3 ning ddm xuyén qua vat chat rat
manh. Ngudi ta goi day la tia phong xa hay bivic xa hat nhdn (nuclear
radiation ).

Hién tuong nay dudc goi1 la hién tuong phong xa (radioactivity).

chuc dong vi khac nhau. Vi du:
0-18, 0-19, 0-20, 0-21, 0-22,

24



CAC LOAI TIA PHONG XA

tia alpha (hat nhan héli): di1 vai mm trong khong khi,
tia béta: (electron hay positron): di var mét trong
khong khi, 3
tia gamma (photon): xuyén qua ngudi dé€ dang M
Cac qua trinh tuong ung 1a :
v phdn rd alpha (o),
v phdn rd béta (B), bao gdm phan ra béta trir (B-) va béta cong
(B*) va
v phdn ra gamma (y).
> Cdc phanri o va phan rad B thudng dan dén phan ra v.
Vi du: Ra-226 — Rn-222 + ‘o
I-131 — Xe-131 + -
F-18 —> 0O-18 + [
> Mot s6 dong vi phéng xa cling phat neutron.
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DINH LUAT PHAN RA PHONG XA
HANG SO PHAN RA

Dinh ludt phdan rd phong xa:

Néu & thoi dlem t =0 cd No hat nhan c6 kha nang phan ra,
thi & thdi di€m t, mot s6 hat nhan da bi phan rd, va s6 hat
nhan con lai la:

N(t) = N,.e™.
S6 hat nhan c6 kha ning phan ri sé& giam dan theo thdi gian
theo qui ludt ham md.
A dudc goi 1a hing s6 phin ra (decay constant), ¢6 don vi 12
1/giay.
M3bi loai dong vi phéng xa c6 mot A riéng.
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PINH LUAT PHAN RA PHONG XA
CHU KY BAN RA (HALF-LIVE)

N(t)/N(0) 1
1,0 7

0,50 -

0,25

0,125

0,00

T1/2 2T1/2 3T1/2 thdi gian t

Sau moOt khodng thdi gian nhat dinh, s6 hat nhan c6 khd ning
phan ra giam di con mot nira. Khoang thaGi gian d6 dudc goi la chu

ky bdn ra cua loai hat nhan dang xét, va dudc ky hiéula T, ,. .



CHU KY BAN RA CUA CAC PONG VI LA RAT KHAC NHAU

« T12=1In2/1) =0,693/A.

- Chu ky ban ra cda cac dong vi phéng xa c6 thé rat 16n, hang
ngan nim, ciing c6 thé rat nho.

Vi du: Radium Ra-226 ¢6 T2 = 1620 ndm
I6t I-131c6 Tin =8 ngay
Oxy O-15 ¢6 T2 = 2,1 phut.
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NGUON PHONG XA - HOAT PO CUA NGUON PHONG XA

>

Mot ngudn phéng xa la mot mAu vat chit c6 kha ning ph4t tia
phéng xa. Céc nguon phong xa thudng dugc st dung trong y hoc
hat nhan hay Xa tr1 d€ chan dodn hay diéu tri.

Hoat dd ctia ngudn phéng xa 1a s& hat nhan phan ra tir nguén
trong moOt don vi thdi gian.

Hoat d0 = s6 phan rd/gidy
A = dN(t)/dt = AN, e,

Can biét hoat do cua nguon dé tinh dudc lugng bic xa di qua hay
hap thu trong cd thé cua bénh nhan.

Hoat dj cua mot nguon gidm dan theo thoi gian theo qui ludt
ham mi, gidng nhu N(1).

Hdng sé phdn rd A cang I6n thi hoat do ciia nguén cang cao.

Pon vi:

bequerel (beccaren), ky hi€u Bq
1 Bg =1 phan ra/giay.
curie (Curi), ky hi¢u Ci
1 Ci=3,7.10'Y Bq.
1 mCi=103Ci; 1 uCi =10° Ci. 29



MOT SO NGUON PHONG XA DUNG TRONG Y TE

Hoat d6 riéng cua mot nguon 1a tf s6 giita hoat @6 A clia ngudn
va khéi lugng m clia ngudn 4y:

Hoat do riéng = hoat dd/khdi lugng clia nguoén = A/m
Pon vi: Bg/gam.

Mot s6 nguon phong xa ving dung trong chdn dodn va diéu tri

Dong vi  Chup hinh Chu k¥ bdn ra
Tc-99m Tim, phé’i, than, 6 gid
xuong, tuyén gidp
TI-201  Co tim 78 giJ
C-11 Nao 20 phut
In-111 Nao 67 g10
Ga-67 Khoi u 78 gid
N-13 Tim 10 phiit
O-15 Nghién cau Oxy 2 phut
F-18 bong kinh 110 phut
Co-60 Xa tr1 5,3 ndm
[-131 Xa tri tuyén gidp 8 ngay 20



BUC XA ION HOA VA TUGNG TAC VGOI VAT CHAT
BUC XA ION HOA (IONIZATION RADIATION) LA Gl ?

La tia X, tia gamma, cac chum hat (particle) nhu electron,
proton, neutron, hat alpha phét ra tf hat nhan déu c6 kha
ning ion héa nguyén tf va dudc goi chung 13 bifc xa ion héa.
Tia X dudc ing dung rat pho bié€n trong y té€.

Tia X c6 tinh chit rat dic biét:

Chting vira dugc xem 13 séng dién tu, vura o the dudc xem

12 chim céc hat photon, chuyén dong vGi van tdc rat 16n (¢ =
300.000 km/s).

Céc photon khong ¢6 khoi lugng va khong mang dién.

31



BUC XA ION HOA VA TUGNG TAC VGI VAT CHAT
TIA X VA TIA GAMMA

Khi xem tia X (tia gamma) nhu la song, ngudi ta thuong dac
trung né bdi bude song A hay tan so f.
Hai dai lugng nay ti 1€ nghlch nhau:

A = c/f,
vGi ¢ = 300.000 km/s 12 van toc cia séng dién tif trong chin
khong.
Nhirng song dién tir c6 budc séng dai (song radio, hong
ngoai, tu ngoal V.V..) thu’dng dugc xem la song.
Budc song cua chiing c6 thé trai dai tir vai kilomet dén
khoang micromet (um = 10-°m).

Tia X, tia gamma c6 budc soéng rdt ngdn va thuong dugc xem
la chum cdc hat photon.

32
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THANG BUC XA PIEN TU

X-ray and Gamma
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BA PAC TRUNG CUA NGUON BUC XA
LOAI BUC XA

1. Loai buc xa (loai hat)

2. Ndng luong cua cdc hat trong chum

3. Hoat do ciia nguon hay cuong do chum biic xa
[Loai hat

La tia X, electron, hat alpha, proton hay neutron v.v..

Cac hat alpha, proton dudc goi 1a cac hat ning mang di€n,
electron la hat nhe mang dién.

Neutron, tia X tia gamma la cac hat khong mang dién.

C4c loai hat khic nhau tuong tdc v4i vat chit khdc nhau, thé
hién ¢ LET khac nhau.
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BA PAC TRUNG CUA NGUON BUC XA
NANG LUONG (ENERGY)

La ning lugng cia moi hat trong chum bifc xa.
Ning lugng cang 16n thi hat di cang siu vao trong vat chat.
Ning luong cda cdc hat thudng dudc do bing eV (“électronvon”™)
1eV=1,6.10" jun.
keV (kiloélectronvon); 1 keV =103 eV.
MeV (mégaélectronvon hay “em-i-vi”); 1 MeV =10°eV.
Ning lugng cua photon
Photon c6 ning lugng ti 1& véi tan sd theo cong thic
E = hv = hc/A,
v6ih=6,625.103*J.s =4,14.105eV.s (hdng s6 Plank).
Cong thic tién dung d€ tinh ning lugng E clia photon theo budc
song A
E (eV) = 1,24/A (um),
trong do A du’(fc tinh bang um, con E dudc tinh bing eV.
Vi du: photon cua 4nh sdng vang, A =0,5 um c6 E =2,48 eV.
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NANG LUONG CUA TIA X

Photon ctua anh sang nhin thay c6 nang lu’dng khoang vai
eV, dudc phat ra tir cac 16p ngoai cung cua vo nguyén tu.

Tia X ¢6 niang lugng khoang vai keV dén vai trim keV,
dudc phat ra tir cac 16p trong cua nguyén tif hay tir sy phat
buc xa ham.

Tia gamma c6 ning lugng khoang MeV, dudc phat ra tur hat
nhan nguyén tu.

Tia X dung trong y t€ thudng dudc chia 1am 3 loai:

v loai bé mit (superficial radiation) ¢6 ning lugng tir
10 dé&n 125 ke V;

v loai trung binh (orthovoltage radiation) tir 125 dén
400 keV va

v loai supervoltage (hay con go1 megavoltage), co
nang ludgng trén 400 ke V.
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NANG LUGNG CUA CAC HAT CO KHOI LUGNG

DPoi véi bic xa 1a cac hat co khoi lu’dng, thudng ngudi ta dung
chit ning lugng d€ chi ddng ndng clia no.

Mot hat mang dién tich g, khi dudc gia toc bdi hiéu dién thé
U, s€ c6 dong nang

E=q.U

Vi du: electron (dlen tich e), khi dudc gia toc qua hi€u dién
th€ 100 kV, sé c6 ddng ning 100 ke V.

Trong cac ung dung y hoc, khoi lu’dng cua cac hat thudng
khong bi thay doi. Nhu’ng cling co truéng hgp mot hat (nhu
electron) bi huy va bién thanh photon. Kh1 do nang lu’dng cua
photon sinh ra sé tf 1& v6i khéi lugng m ctia hat theo cong thic
Einstein

E = mc2.

Khi mét cdp electron- p031tron b1 huy, cO hai photon sinh ra,
bay ngugc chi€éu nhau, mdi photon co nang lugng 1a 0,511
MeV, bang ding ning lugng nghi cla electron/p031tron
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PHO NANG LUGNG

Né&u moi hat trong chum c6 cung nang lugng, ta g01 do la chum
don ndng (monoenergy). Né&u céc hat trong chim c6 nhiéu niing
lugng khdc nhau, ta goi d6 12 chiim da ndng (heteroenergy).

Ning lugng clia mot chim da ning dudc bi€u dién bing phd ndng
lugng (energy spectrum).

Trong cac may X quang chan dodn tia X (sinh ra do su phat buc
xa ham) co pho lién tuc, ning lugng trung binh ndm trong khodng
to 20 keV dén 120 ke V.

C4c ngudn phéng xa thudng dung trong y t& c6 thé phit ra:
v céc tia gamma c6 pho ning lugng gidn doan
v tia béta (cdc electron hay positron) cé pho ning lugng lién tuc.

sO hat

' !

) Etb Emax )
Pho lién tuc cua tia béta Pho gidn doan ctia tia gamma
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CUGONG PO (INTENSITY) CUA CHUM BUC XA

La so lugng hat trong chum di qua mot

don vi di€n tich (dat vudng gbéc véi chum) ol |——
trong mot don vi thdi gian. ~— ———
Don vi: hat/cm?.s. *——

Cac tia phong xa khi di vao co thé ngu’dl c6 thé 1am pha v3
cac phan tl trong t€ bao, din d€n 1am ton thuong hay hiy
hoai t€ bao.

Neu sO lu’dng t€ bao bi hily hoai 16n, thi cdc mo, ¢ quan c6
thé bi hdng, din dén bénh phéng xa hay chét ngudi.

Ta goi day la tdc dung sinh hoc cua biic xa (biological effect
of radiation).

Cudng dd cang 16n, tac dung huy hoai cua tia phéng xa cang
manbh.
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CAC TUONG TAC GIUA BUC XA VA VAT CHAT

Khi di bic xa di vao vat chat, ching c6 thé “va cham” véi cic
electron cua vo nguyén tu.

Néu hat ¢6 ning lugng di 16n, ching cé thé 1am bin electron ra
khoi nguyén ti: su ion héa (ionization).

Né&u hat c6 ning lu’dng khong 16n 1am, chung c6 thé 1am

electron trong nguyén ti nhay tir mic niang lugng thap 1én muc
nang luong cao hon:su kich thich (excitation).

Cac electron ¢o nang lu’dng khodng trén 1 MeV, khi di gan hat
nhan nguyén t& ¢ thé bi uén cong qui dao va phat ra tia X: biic
xa ham (Bremstrahlung). Khi @6 electron ciing bi mat ning
luong.

Néu hat c6 ning lugng cao hon nita, né c6 thé tuong tic véi hat
nhan va gy ra phdn ving hat nhdan.

Pic biét neutron khong thé gdy 1on hoa truc ti€p, nhung dé dang
gay phan u’ng hat nhin, lam ban ra cac manh v3 hat nhan. Cac
manh v3 nay co kha nang gay ion hoa rat manh. Do do neutron
]2 bic xa gay ion héa gian ti€p, nhung rit nguy hi€m.
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SU TRUYEN NANG LUGNG THONG QUA KIiCH
THICH VA ION HOA

Trong ung dung y t€, tudng tdc chu yéu giita bic xa va
nguyén tir 1a sy ion héa va kich thich.

Do sy tuong tdc nay, bifc xa bi mat dan ning lugng: Ning
lugng cua hat dudc truyén cho vat chat.

Céc electron xuat hién do su ion héa (cdc electron thit cap)
cé thé dudc truyén ning lugng du 16n dé€ ti€p tuc ion hda cac
nguyén tu khac.

Vay khi mot hat di vao vat chat, né cé thé 1am cho nhiéu
nguyén tu 1an can nhau bi ion héa.

SO cdp ion xudt hién ti 1 vdi ndng luong vt chdt hdp thu.
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HE SO TRUYEN NANG LUONG TUYEN TINH LET

- Lugng ning lugng ma hat truyén cho vat chat (do ion hoa va kich
thich) trén mot don vi chiéu dai clia quang dudng di cia hat dudc
goila LET ( linear energy transfer).

- Cac hatp, a c6 LET > 3,5 keV/um. Chung dudc goi la cac hat c6
LET cao.

- Photon va electron né1 chung dugc goi la cac hat c6 LET bé.
> Bitc xa co LET cang cao thi gdy tdc dung sinh hoc cang manh.

LET trong mdi truong nu'dc

Tia X 250 kVp 2 keV/um . . .

Tia X 3 MeV 03  keV/ium == ) S
Tia gamma cobalt-60 0.3  keV/um (a) o (b)
Electron 1 keV 12.3  keV/um . D
Electron 10 keV 2.3 keV/um Mat dg ion hoa gay b Of
Electron 1 MeV 0.25 keV/um Proton(a)lon hon nhiéu so

Neutrons 14 MeV 12 keV/um  Vdi electron (b).
Hat ndng mang di€én 100-200 keV/um
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BUC XA HAM

Cac hat nhe mang dién nhu electron kh1 di gan hat nhan co
thé€ bi hiit bdi hat nhén, do do qui dao ctia hat bi uén cong
— dong ning cua hat b1 gidm di (bi him).

— ning lugng mat di bién thanh ning lugng tia X phdt ra:
buic xa ham (Bremstrahlung).
Ung dung: tao ra tia X dung trong X quang chin dodn.
X4c suat xdy ra sy phat bi‘c xa him cang 16n khi:

- ning lugng cua electron cang I6n

- khi s6 dién tich cua moi trudng Z cang 16n.

- D€ taora tia X bing bifc xa him, anod trong dng tia X

dugc 1am bing tungsten (kim loa1 nang).

Pho bitc xa ham: phd lién tuc + cdc dinh bitc xa ddc trung.

-

buc xa ham buc xa dac trung

~
~
~
~
~
~
~
~
~
~
~
N
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LIEU HAP THU (ABSORBED DOSE)

Su ion hoa va su kich thich 1a nhu’ng nguyén nhin ban dau din dén
su hily hoai t& bio, tifc gdy nén tic dung sinh hoc.

Ning lugng hap thu trong mot don vi khoi lugng vat chat cang 16n
thi tdc dung sinh hoc cang cao.

Téc dung sinh hoc cua tia phong xa dudc do bang lieu hdp thu
(absorbed dose, goi tit 1a dose): @6 1a lugng ning lugng hap thu
trong mot kildgam vat chat.

DPon vi cta liéu hap thu 12 Gray (viét tdt Gy)

I Gy =1 Joule/kg;

I cGy (centigray) = 0,01 Gy.
Liéu hap thu trong mot don vi thdi gian dugc goi 12 sudt lieu hdp
thu (dose rate). Pon vi thudng dung la ¢cGy/min hay cGy/s.

Liéu hap thu phu thudc Vao loai buc xa (photon, electron hay
neutron) vao nang lu’dng ctia hat (may keV hay may MeV); ciing
nhv vao tinh chit cia moi trudng ma hat di vao (xudng, thit, v.v..).

Do s6 cip ion xuit hién trong moi trudng c6 thé tinh dugc liéu hap
thu.
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LIEU CHIEU (EXPOSURE)

Trong X quang, ngudi ta cling con dung liéu chiéu ( exposure).
Liéu chi€u chi dugc diing cho bifc xa 1a photon c¢6 ning lugng
duGi 3 MeV.

Theo dinh nghia, li€u chi€u 12 luong dién tich xuat hién trong
mot don vi khoi lugng khong khi khi dude chiéu.

Pon vi ctia liéu chiéu trong hé SI1a C/kg. Ngoai ra, ngudi ta
cting con dung don vi ronghen, ky hi€u R.

IR =2,58.10* C/kg khong khi.

1 C/kg = 3876 R.

Do dién tich cua moi cipionlae=1,6.10 19 C, mot li€u chiéu
c6 gid tri bang 1 C/kg s€ tao ra trong khong khi

1 (C/kg)/1,6.10° (C) =6,25.1018 cap 10n/kg

Do véi khong khi, tir liéu chi€u, ngudi ta c¢6 thé tinh ra liéu
hap thu va ngudc 1a1
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SU SUY GIAM CUA CHUM PHOTON
KHI BPI QUA VAT CHAT

Cho mot chum tia X song song di qua moOt 16p vat chat,
mot sO photon s& bi hap thu hay tan xa ra khoi chum.
Do d6 s6 hat trong chiim sé gidm dan.

o1 véi chum don ndng E gitta N(0) va N(x) c¢6 quan hé:
N(x) = N(0).erx
N ey

N@©) < } N(x)

\_ L ]

T~

«— X—»

Sy suy giam ctiia chum photon 12 két qué cua ba loai tuong
tac chinh: hi€u ung quang di€n, tin xa Compton va sy sinh

cap.
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HE SO SUY GIAM TUYEN TINH

u (muy) dudc goi la hé SO SUy glam tuyén tinh (linear
attenuatlon coefficient) ctia ldp vat chat doi véi chum photon
d6. u cang I6n thi sy suy giam cang nhanh.

DPon vi thudng dung cia pla cm™!.

Do 16n cia p phu thudc:
- nang lugng E cua chum photon;
- nguyén t sO Z cla cic nguyén t0 cAu tao nén moi trudng va
. mat dd p cua mdi trudng truyen u ti 1& véi khoi lugng riéng

p cua vatlieu, Vat li€u co khoi lugng riéng cang 16n thi hé s6
suy gidm tuyén tinh cang 16n.

Vi du:

» Xuong c6 kha ning lam SuLy g1am chiim photon manh nhat,
sau d6 dén cdc cd bap Pho1 nguGi chira nhi€u khi nén khong
lam chum tia X suy yéu dang ké.

- Chi ¢6 hé s0 suy gidm rat 16n nén thudng dudc dung lam vat
liéu che chin photon.
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HIEU UNG QUANG PIEN

Hién tuong:

1) Mot photon dugc hap thu hoan toan
va mot electron (go1 1a quang electron) \i

dudc but ra khoi nguyén ti.

2) Mot electron tu 10p trén s€ nhanh

chong nhay vao cho trong do quang

electron de lai, mot tia X ddc trung phat

ra.

Pic diém:

1) X4c suat xdy ra 16n nhat doi véi cdc electron tir 16p K.

2) bong nang cua quang electron 1a Ex = hv — Ey, trong do hv

14 ning lugng cta photon, Ep 12 nidng ludgng lién két cla
electron.

3) Nang lugng cua tia X dic trung Xap X1 bang nang lugng
lién két Ex. Thu’dng tia X dic trung nay s& bi hap thu trong
1an cin nguyén ti bi ion héa, do né giy ra mot hiéu dng
quang dién khac.
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HIEU UNG QUANG PIEN (tt)

Hiéu u’ng quang dién la mot trong nhiing nguy€n nhan chinh lam
suy glam chum photon ning luong thap.

Hé so suy, giam tuyen tinh do hi€u ung quang di€n dudc ky hi€u
la t. T1 sO gilta T va khoi lugng riéng p cua moi trudng 14 hé sd
suy gidm khoi r/p

N6i chung, hé so suy glam khoi glam khi nang lugng hv cua
photon ting. Nhu’ng cO nhitng dlem nhay vot khi ning lu’dng cua
photon bing ning lugng lién két cla electron trong nguyén ti.

Heé s0 suy gidm khoi ting nhanh khi s6
thi ty nguyén to Z ting.
Vay: hi€u ng quang dién Xay ra chi y€u  1/p
do1 véi cdc tia X hay tia y ¢
- ning ludgng tudng doi thap
- trong vat chit c6 Z 16n.

Trong xuong, hi€u u’ngquang dién xay
nhi€u hon trong mé mém.

Nang lugng photon hv

50



HIEU UNG COMPTON

Hiéu ttng Compton la nguyén nhan chinh lam suy giam
chum photon c¢6 ning lugng nam trong vung tir 100 keV
dén 10 MeV.

Hién tuong:
Photon truyén mot phan ning luong cho electron va bi 1éch
khdi phuong chuyén dong.
electron bi bt khoi nguyén ti (ion héa).
Sau do s€ co buc xa dic trung phat ra.




HIEU UNG COMPTON

- o A2
bac diém:

X4y ra chid yéu khl photon ¢6 nang lu’dng rat 16n so v4i niang
luong lién két cua electron trong nguyén tu.

Pong ning cla electron x4p xi bing hiéu ning luong cla
photon truGc va sau khi va cham:

Ex=hv-hv’,
Dbong nang Ex va hv’ ¢6 dd 16n phu thudc Ve‘lo goc tan xa @
cua photon ¢ cang 16n thi dong ndng Ex cua electron cang
16n. Ex c6 gia tri cuc dai khi ¢ = 180°. Khi d6 hv' cua photon
sau tdn xa 12 bé nhat.
Heé s0 suy gidm tuyén tinh ky hiéu 13 &, hé s suy gidm khoi
c/p.
o/p khong phu thudc vao Z, nhung ti 1€ mat dd electron trong
moi trudng tang.
Lleu hap thu do hi€u tng Compton gay ra trong xuong va mo
mém xap xi bing nhau.
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SU SINH CAP (PAIR PRODUCTION)

Trong su sinh cip, mot photon dugc hip thu trong viing gan hat
nhin va mot cdp electron-positron xuat hién.

Electron va positron phdt ra thudng cé ning lugng dd cao dé c6
thé gay bic xa him. Bic xa hdm nay thudng thoat di khoi ving
vat chat nho.

Céc positron cling c6 kha pdng gy ra sy ion hda va kich thich nhu
electron. Nhung khi chuyén dong cham lai positron s€ bi huy véi
mot electron va phat ra hai photon, moi photon ¢ niang lugng
0,511 MeV. Vay su huy cidp luén ludn di kém sau sy sinh cép.

€lectron
»

Buc xa hanr ™~
Photon dén

posit,ron
Su sinh cip Sy huy cédp

Chi x4y ra n€u ning lugng ctia photon vugt qua hai 1an ning lugng
nghi cua electron (2 x 0,511 = 1,022 MeV). Khi d6 phan ndng lugng
bi€n thanh d0ng nang cua electron va positron la

Ex = (hv -1,022 MeV).

Xac su/ﬁ’t xay ra sy sinh cdp ting theo ning lugng cua photon va .
theo sO thif tu nguyén ti cua chat hap thu.



SO SANH CAC LOAI TUGNG TAC

Trong vung nang lugng 100 keV — 10 MeV hi€u iing Compton dong
vai tro chu yéu.

hv = 26 keV, 50% electron xuit hién do HUQD, 50% do Compton;
hv =100 keV, 99% electron la do Compton, con lai do quang dié€n;

hv =10 MeV, 77% electron 1a do Compton, con lai do tao cap.

100 Compton

80

60

40

Xéc suat tuong doi (%)

Quang dién

20

1 I T T T A ) 1 M S S S | M S S S | 1 I T T T 0 |
0,01 0,1 1 10 100

Nang lugng tia X (MeV)

X4c suat tuong doi cua cdc qud trinh tudng tdc trong nuéc



SO SANH CAC LOAI TUONG TAC

Liéu hap thu trong xudng va trong cic mé mém

Hi€u ung quang di€n: lieu hdp thy trong xudng 16n gap 6 lan
liéu hap thy trong m6 mém.

Hi€u Ung Compton liéu hap thu trong xuong x4ap xi bing li€u
hap thu trong cdc md mém.

Hi€u Ung sinh cap: licu hap thu trong xuong 16n gip 2 1an liéu
hap thu trong cdc md mém.

Tam quan trong cua ting loai tuong tdc d6i véi mé mém
Ning lugng cua photon

<50 keV HUQD 14 quan trong
60 keV dén 90 keV HU Qb va HU Compton quan trong
nhu nhau

200 keV dén 3 MeV Chi ¢c6 HU Comptom
5 MeV dén 10 MeV HU tao cip bit dau xuat hién
50 MeV dén 100 MeV  HU tao cidp 1a quan trong nhat
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LIEU HAP THU TRONG CAC TRUGNG HGP

Mot Ong tia X hoat ddng & ning lugng cuc dai E, s& phdtra
cac photon c6 ning lugng trung binh khoang E,/3.

v tia X tf mot 6ng tia X hoat dong & dién thé 60-140 kV sé
bi hap thu manh trong xuong so v4i trong mé mém —>
thich hdp d€ phan biét md va xuong.

v tia X tt mot ong tia X hoat ddng & dién thé 200-250 kV sé&
bi hap thu trong xudong nhi€u hon trong mdé mém mot it.

v Tia y tir nguon Cs-137 (E, = 661 keV) hay tit nguén Co-60
(E,~ 1,25 MeV), cho cung liéu hap thu nhu nhau trong
Xuong va md mém.

v Tia X phdtra tir mOt mdy gia toc hoat ddng & 5-20 MeV
ciing bi hap thu trong xwong nhi€u hon trong mdé mém mot
it.
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THONG TIN VE BUC XA TU NGUON PONG VI

RAt hi€m trudng hop bic xa phét ra tir mot nguodn dong vi
phéng xa chi gom mot loai bic xa (hat a, electron, positron,
hay v) va chi c6 mot ning luong; ma thong thudng cé nhi€u
loai hat va c6 nhi€u ning lugng kh4c nhau.

Khi d6, bén canh hoat d6 cia nguon, ta con can phdi biét ¢
bao nhiéu loai bifc xa phdt ra, moi loai c¢6 cudng do
(intensity) va ning lugng trung binh bang bao nhiéu.

Thong tin nay dudc md td tém tit trong cdc so do phan ra
hay dudc cho biang bang.

C6 thé tim thay thong tin ndy tai cdc website nhu:
http://ie.lbl.gov/, hay http://cswww.in2p3.fr/amdc hoac
trong tip tin Table of Nuclear Moments. Dit 1liéu v€ hat nhan
Co-60 trong vi du dudi diy dudgc truy cap tu website
http://www.nndc.bnl.gov/nudat2/index.jsp.
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THONG TIN VE BUC XA TU NGUON PONG VI
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THONG TIN VE BUC XA TU NGUON PONG VI

Beta-:

Energy (keV) End-point energy (keV) Intensity (%) Dose (MeV/Bg-s)
95.77 15 31825 99.88 % 3 0.09566 15
625.87 21 1491.4 5 0.12% 3 0.00075 19

Mean beta- energy: 96.41 keV 24, total beta- intensity: 100.00 % 4, mean beta- dose: 0.09641 MeV/Bg-s 25
Electrons:

Energy (keV) Intensity (%) Dose (MeV/Bg-s )
Auger L 0.84 0.0366 % 12 3.08E-7 10
Auger K 6.54 0.0154 % 5 1.01E-6 3
CEK 338.817 3.77E-5 % 23 1.28E-7 8
CEL 346.13 7 3.81E-6 % 23 1.32E-8 8
CEK 817.77 3 2.4E-6 % 4 1.9E-8 3
CEL 825.09 3 2.2E-7 % 3 1.84E-9 22
CE K 1164.895 3 0.0151 % 7 0.000176 8
CE K 1324.159 4 0.0115% 5 0.000152 7
CE K 2150.243 5.4E-8 % 9 1.16E-9 20
CEL 2157563 52E-9% 9 1.11E-10 /9
CEK 2497.359 5 1.6E-10% 3 3.9E-12 8
CEL 2504.684 5 1.5E-11 % 3 3.8E-13 8

Gamma and X-ray radiation:
Energy (keV) Intensity (%) Dose ( MeV/Bg-s )

XR1 0.85 0.000310 % 18 2.64E-9 15
XR ko2 7.461 0.00325 % 19 2.42E-7 14
XR kal 7.478 0.0064 % 4 4.8E-7 3
XR k3 8.265 0.000394 % 23 3.26E-8 19
XR kB1 8.265 0.00077 % 4 6.3E-8 4
347.14 7 0.0075 % 4 2.60E-5 14
826.10 3 0.0076 % 8 6.3E-57
1173.2283  99.85 % 3 1.1715 4
1332.4924  99.9826 % 6 1.332260 9
2158.57 3 0.00120 % 20 2.6E-5 4

2505.6925  2.0E-6 % 4 5.0E-8 10



Phan II
Tac dung sinh hoc cua bic xa

§0. M3 dau

$1. Cau tao t&€ bao clia co thé ngudi - ciu tao clia t€ bao

§2. Co ché tuong tc gifta bifc xa v6i cd thé ngudi

§3. Phin loai cac hi€u ung buc xa

§4. Cac y€u t6 dnh hudng dén tdc dung sinh hoc ctia bic xa
§5. Quan hé gitra liéu va ddp tng bic xa



§0. Mé dau

Viéc hi€u biét cac tac dung sinh hoc cua buc xa la can thi€t trong hai linh vuec:
1. An toan btrc xa: nham bao vé con ngudi khoi nhirng tac hai ctia birc xa

2. Xa tri: nham st dung btrc xa mot cach hop 1y dé tiéu diét té bao nguy hai cho co
thé.

* Trong an toan birc xa, nguoi ta thuong gap:
— liéu hap thu thuong 1a rat thap, khoang mGy/nim va

— nhiéu loai burc xa khac nhau (gamma, neutron, hat ndng mang dién, v.v..) cd
LET khac nhau.

e Con trong xa tri, thudong thi
— liéu kha cao, khoang vai chuc Gy, dugc chiéu trong vong 1 thang va
— buic xa thuong duoc dung 1a tia X va electron, c6 LET xap xi bang nhau
> Sau khi hoc xong chuong nay, sinh vién can nam dugc:
— Chudi qua trinh xay ra tir khi bire xa di vao co thé cho dén nhiing biéu hién
lam sang
— Nhitng yéu to vat 1y va sinh hoc anh hudéng dén tac dung sinh hoc cua birc xa
— Quan h¢ liéu-dap tmg btrc xa va duong cong liéu-song sot.
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§1. CAu tao t&€ bao clia co thé ngudi

Cd thé con nguoi ciu tao tir cdc cd quan (organ) nhu
tim, phdi, nio...

N Céc ¢6 quan cdu tao tir cac mo (tissue) nhw md md, da
xuong...

NC4c md ciu tao tif cdc t€ bao (cell).
> Té& bao la don vi song co ban.
> Kich thuGc t€ bao: khoang 50 micromet
> Trong co thé ngudi c6 khodng 10'3-10'4 t& bao.
Tuong tac gifta buc xa va co thé sng sé& gay nén
nhu’ng thay doi trong t&€ bao — lam chét t& bao hay
gay dot blen — hoat dong bat binh thudng, chang

han phat tri€n nhanh chéng mot cach hén loan va
dan dén ung thu.
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Cau tao cua t€ bao

T€ bao gom c6 mot nhdn (nuclear) § giita, mot chit 1dng bao
quanh got la bao tuong (cytoplasma). Boc quanh bio tuong 13 mot
mang goi la mang té "bao (membrane). M3i bo phan thuc hién
nhitng chuc ndng riéng re.

+ Mang t€ bao 1am nhiém vu trao ddi chat v6i moi trudng ngoai
+ Bao twong la noi xay ra cac phan u’ng hoa hoc bé  gay cac
phan t phifc tap thanh cdc phin to don glan va lay nang lugng

nhiét toa ra (di hoa: catabolism), tong hgp cdc phan t can
thiét cho t& bao (anabolism).

+ Trong nhan c6 ADN (deoxyribonucleic acid) la mot dai phan
ti hitu co chita cdc thong tin quan trong d€ thuc hién su téng
hop céc chat.

+ ADN ciing chita thong tin can thiét d€ di€u khié€n viéc phan
chia t€ bao.
Tac dung sinh hoc chinh cua bic xa 1a sy pha hong ADN cua
t& bao.
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CAu tao cla t€ bao

Lysosome

Animal cell
Some animal cells,
stch as thase in
the nose, are
covered in tiny

bairs called celia.

vong xodn kép

Bao tuong
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Chu k¥ cta t€ bao

Céc t€ bao ¢6 thoi gian song nhat dinh. Cdc t€ bao khac
nhau c6 thdi gian song khac nhau.
C4c t€ bao ciing ¢6 kha ning phan chia dé tao thanh t&
bao mdi.
Cdc giai doan ciia mot chu ky t€ bao:
+ M (phan chia t€ bao: mitosis)
+ G1 (chuin bi tong hop: 1st growth)
+ S (tdng hgp: synthetic)
+ G2 (tdng truéng: 2nd growth)

<G <S<Gz
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§2. Co ché tuong tdc giita bic xa véi co thé ngudi
1. Giai doan vit ly (10-1%s — 10-'3 s)

Tuong tic dau tién: bitc xa ion hda va kich thich céc
nguyén t trong t€ bao.

> SO luvgng nguyén tif bi ion héa/kich thich trong mét don
vi khéi lugng vat chat ti 1¢ véi liéu hap thu tai dé.
Hiéu iing truc tiép: kich thich hay ion hod truc tiép phan ti
ADN.
Hiéu ving gidn tiép: ion héa hay kich thich cdc phan ti
nudc 6 1an can ADN.

> T¢€ bao chia khodng 90% 1a nudc, va ADN chi
chiém 1% khoi lugng t€ bao, nén sy ion hda va
kich thich xdy ra cht y€u d6i vdi phan t nude.
(Cwr moi phan twr ADN co 1,2.107 phan tir nuoc.)
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CAC HIEU UNG GIAN TIEP VA TRUC TIEP

Nhitng bifc xa c6 kha nang ion héa manh tao ra trén dudng
di cia ching mot vét ion héa dim, do d6 néu né di bing qua
mdt ADN thi c6 thé giy nén hiéu Gng truc tiép tai nhiéu chd
trén ADN.

> D01 véi cac bite xa ¢6 LET 16n, nhu tia alpha, thi cac
thuong ton cia ADN chi y&u la do cac hiéu éng truc tiép
gy nén.

> D01 véi cac bite xa ¢6 LET bé (kha niang ion héa bé), nhu
electron, photon, thi hiéu @¥ng truc ti€p gdy nén khoang
1/3 tong so cac thudng ton ciia ADN; va cac hiéu @ng
gian ti€p gidy nén khodng 2/3 tong so cac thuong ton cua
ADN.
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Cdc hiéu ing gidn tiép va truc tiép
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2. Giai doan hoa ly (10-3s — 107 s)
Sw hinh thanh cdc géc tw do

» Su ion héa va kich thich c6 thé dan dén:
— bién pAn tir nudc tﬁnh mot ion duong : HoO +y — HOH*+ e (su thuy
phn do buc xa), q trinh Ay lai ci thé dan én
— bién phAn tir nudc thnh mot iof m: HO + e~ — HOH-
Cdc ion HOH* va HOH~ khong bén viing 1im va c6 th€ bi tich
thanh cac phan tir nho hon
HOH* - H*+ OH* hay
HOH- —» OH-+ H°*

» OH* va H* duoc goi la cac goc tu do (free radical) hydroxyl: do la nhiing
phdn tu khong mang dién, nhung co mot electron héa tri lé, do do thuong
tim cdch gianh Iy hidro ciia cdc phén tit khdc.

* Trong truong hop mat do goc tu do OH* cao, chiing c6 thé két hop
de tao ra hydrogen peroxide
OH* + OH*= H,0, (nuéc oxy £i)

> Hydrogen peroxide 13 mét chat rat doc déi véi té bao!
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Thoi gian song cua cac goc tw do

Cac goc tu do c6 thdi gian song chi khodng vai micro gidy (10-%s)
nén khong thé di xa dudc. Do d6 ching chi c6 thé ph4 hoai cédc
ADN nim trong pham vi ban kinh khodng 10 nm quanh cho phan
t nuGe bi ion héa, khodng biang dudng kinh ctia thS cua nhiém sic
the.
Thai gian sdng cda cdc goc hydroxyl cé thé dude kéo dai khi c6
mit oxy. Ngudc lai, mot s& phan ti khic ¢ thé thu hit cdc gdc
nay va lam giam tac dung sinh hoc cua chiing.

> Téac dung gidn ti€p ting manh khi c6 mit oxy: LET bé, ting 2-3
lan

> Tac dung truc ti€p it phu thudc vao oxy: LET Ién, ting it
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Tdc dung cuia cdc goc tu do lén ADN

Céc goc tuy do khuéch tdn ra chung quanh viing chiing hinh
thanh;
Tap trung quanh nhitng phan ti nuéc hay tuong tac véi cac
phan tu sinh hoc;

> Thudng thi cdc gdc ty do gianh 14y cdc nguyén tf hidro cia
cac phan t sinh hoc, chang han 1y hidro cua cau noi hidro
trong ADN.

— Lam thay doi cau tric héa hoc clia cdc phan ti sinh hoc.
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Ton thuong ciia ADN

Do tic dung truc ti€p hay gidn ti€p, ADN c6 thé chiu cdc tdn thuong
sau: dit mot nhanh, dit hai nhanh, ton thuong base, noi giita cdc
phan tif trong ADN, ndi gitta ADN va protein, ton thuong boi.

Pbut mot nhanh
> SO lugng ditt mot nhdnh ting ti 1€ binh phudng li€u hap
thu

but hai nhanh
> S6 lugng dit hai nhdnh ting ti 1& liéu hap thu
> D1 véi bite xa ¢6 LET bé, ti 1é gifra ton thuong 1 nhianh
va hai nhanh la 20:1.
> Cho dén nay ngudi ta thay viéc dit mot nhanh va hai
nhanh chi do bitc xa ion héa gdy nén, con tia t0 ngoai chi

c6 kha ning gy nén sy ton thuong base.
72



Ton thuong ciia ADN

To6n thuong base: 1am thay ddi base hay thay doi lién két
gilfa cac base.

+ Su ton thuong clia base c6 thé din téi viéc dit mdi lién
két hidro giira hai base, hay lam bi€n do1 cau truc hoa
hoc cua base, lam mat mdt base, lam ghép vao mot base
khong ding hay noi hai base niam do6i dién va chéo nhau
chéo (cross linking).

+ MOt dang dic biét cua sai hong base 1a su nhi triing hoa
hai base (base dimerization): hai base cung phia n61 nhau.

Noi gifta cdc phan t trong ADN

Noi gitta ADN va protein

To6n thuong bdi (bulky lession): nhi€u mdi ndi doi va base bi
dat hong trong mot khu vuc nho: Thudc loai ton thuong gdy
tir vong (lethal damage). Khong sva chita duoc.
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Ton thuong ciia ADN

Loai tén thuong S6 tén thwong tin méi té bo ung
voi 1 Gy (LET b)

Dut nAinh on 1 000

Ton thuong base 500

Dut nAinh di 40

Noi gitta DNA ¥ protein 150

> Mot liéu khodng 3 Gy c6 thé gdy nén hang trim ngan cip ion
trong moi t€ bao bi chiéu.

> Khi d6 mdi t€ bao s& cé nhi€u ngan chd dit giy trén chudi xoin
don va c6 khodng 100 chd dut trén chudi xodn kép, din dén cdi
chét ctia khodng 90% t€ bao bi chiéu.
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3. Giai doan hoa sinh
Qud trinh stia chita ton thuong ciia ADN

Qu4 trinh héa sinh kéo dai tir 102 s dén nhi€u gid.

a. Co ché tu bdo vé va tu stia chita
Trong bao tuong c6 nhitng chit ¢ thé trung hoa cic goc tu
do trudc khi chung kip cong pha ADN hay cac bao quan
T€ bao c6 kha jang nhan biét nhu’ng bién doi phan tu cua

ADN va ¢6 thé sita chita lai chiing bing nhitng qud trinh diéu
khi€n bdi enzym.

Cd ch€ nay thuc hlen viéc sura chita nhitng thay doi Ve ciu
tric va thong tin cia té bao gdy bdi buc xa, d€ cho te bao
sau khi bi chi€u bdi mot lieu khong cao lam c6 thé hdi phuc
trG lai.

» Hiéu qua hoat dOng cua cac cd ché bdo vé va stra chira phu
thudc vao giai 0an clia t&€ bao trong chu ky, vao lu’dng nang
luong hién c6 cia t& bio, vao nhiét do vao mat do cua cdc
enzym sua chira ciing nhu mat do ctia cdc chit bdo vé c6 mit
trong bao tuong.
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v i 4V

Qud trinh sua chita

Mot so cOng viéc sua chita c6 thé dudc tié€n hanh ngay sau khi xuat hién
cdc ton thuong va co thé két thic trong vong vai phit hay vai gid.

Mot s6 stra chita can c¢6 ning ludgng d4nh sdng, dudc goi 12 sita chita quang
(photorepair).

C4c loai stra chita con lai st dung ndng Iugng duy trif trong t€ bao va
khong can 4nh sang

Néu sy stra chita xay ra trudc khi nhan do6i ADN va trudc khi phan bao,
th1 ngudi ta goi 12 su sifa chita trudc nhdn déi. Néu ton thuong cia ADN
Xay ra ngay trudc hay trong khi nhan d61 ADN va khong kip sta chira
trude phase mitose, thi s& dién ra qua trinh sua chita sau nhdn doi.

Stra chita truéc nhan déi hiéu qua hon sira chita sau nhan doi.

Né€u qua trinh phan bao xay ra cang nhanh, thi thoi gian dé su’a chira
truéc nhian doi cang bé, khi dé sy sua chita cang kém hiéu qua.

Céc t& bao cé toc dd phan bao cang cao thi cang nhay doi véi bite xa.

Té& bao ung thu ¢6 toc do phan bao cao, ngoal ra b may su’a chira
ciing bi nhi*ng sai sét, do dé ching nhay vdéi biic xa hon t& bao lanh.
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4. Qud trinh sinh hoc
Tix miic t€ bao dén miic mo — Ti vai gio dén nhiéu ndm

Sy dut nhdanh ciia ADN, néu khong stra chita dudc, stra chira
khong day du hay sita chita sai ¢6 thé din dén su r6i loan
nhiém sic thé, cé thé quan st dugc bing kinh hién vi trong
gial doan phan bao (mitosis)

Su roi loan nhiém sdc thé (NST)
Néu ton thuong do biic xa gdy nén trén ADN la dd 16n, thi c¢6
th€é quan sat thay nhitng rdi loan cua nhiém sac thé
(chromosome aberration),
R61 loan NST: nhan doi (duplication), cit bd (deletion),
thém vao mot doan gen (inversion), chuy€n doan gen sang
nhiém sac thé khac (translocation).

> Nhitng roi loan NST rat tiéu bi€u do tdc dung cda bic xa 1a
sy hinh thanh NST hai tam (dicentric) va NST vong.
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A% oA < A?
Su roi loan nhiém sac theé

a) NST binh thuong. b) trdi: dut o cuoz phal dut mot khe. c) roi loan NST,
trdi: mdt ‘mot khodng J giita; phdi mdt 0 cuoi. d) hai doan ciia nhdnh nay bi
cat va noi sang nhdnh khdc. e) NST bi néi thanh vong. f) hai nhdnh bi cdt
noi thanh vong g) mot cdp NST binh thbfo’ng h) Hai NST dmh lai thanh mot
NST hai tém + hai doan ditt hdn hop. i) Trao déi cdc doan ciia hai NST
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Ao o~ < A?
Su roi loan nhiém sdc the

Acentric fragment

Ring chromosome
Figure 6-13 Formation of a ring chromosome.
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Su roi loan nhiém sdc thé
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Anh hwéng 1én mang té bao

* Tac dungrlén nhan 13 c6 vai trd quan trong nhat trong su song
con cua té bao.

. Néu mang té bao bi tf)n thu’O’ngq do btrc xa, chtrc nang tham
thau cua mang co thé b1 thay doi

. fo) nhay biic xa ctia cac tiéu thé gan v4i mang co thé bi thay
doi
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Anh hwéng 1én mang té bao

Shrinkage Swelling Hemolysis

—

b Ty gpr—

Response after irradiation, entire cell exposed

Irradiation with
alpha particles
where cross hairs

intersect. The 15 min later, Swelling and
remainder of the irradiated end Hemolysts
cell was shielded severely shrunken follow

‘ T,éc dvung clia viéc chiéu xa 1én toan bod va 1én mot ph?m cua héng cau
16n cua Amphiuma. (Bushbaum & Zirkle, 1949)

Hemolysis: sy tan mau
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Tdc dung cua biic xa o cdp té bao - Su chét cua te
bao
O cip t€ bao, ba hiéu dng chinh ¢6 thé quan sat dudc tir sy chi€u xa ADN
12 su chét cua t€ bao (cell death), va sy dot bién dan dén bénh ung thu 4c
tinh (malignant disease) hay tdn thuong di truyén (genetic damage).

Su chét ciia té bao

Su chét cla t& bao cé thé dugc chia 1am hai loai: chét giita

phase (interphase death) va chét khd ndng sinh sdn
( reproductlve cell death).

> Mot heu rat cao (Val tram Gy) co thé hiy hoai moi hoat
dong clia t€ bao va lam t&€ bao chét giita pha.

> Mot liéu thap hon (vai Gy) s€ cO tac dung chu yeu 1én céc t€
bio c6 kha ning ting trudng nhanh (cdc t€ bao mam trong

mo dang tang tru’dng ‘hay trong khoi u ung thu), vi biic xa
lam ching bi mat kha nang nay.

> VE hinh thai hoc, cac t€ bao nay du’Gng nhu nguyén ven, van
c6 thé tdng hop proteln va ADN va c6 thé phin bao vai lan
nhung ching khong c¢6 kha nang phan chia mai mai dudc.
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Tdc dung cuia bitc xa & cdp t& bao - Su djt bién

Sw dot bién
Nhu’ng thay doi khong dugc phuc hoi ctia ma thong tin di

truyén (gen) dudc goi 1a s dot bién (mutation).

- Sy dot bién cO. thé dan dén phd hiy hoat dong ctia enzym, lam roi
loan su trao d6i chit clia t€ bao, 1am t& bio sinh s6i nhanh va khong
ki€m sodt dugc (ung thu)

Néu sy dot bién dé chi xay ra ¢ t€ bao than (somatic cell),
th1 no khong di truyén cho th& hé con chiu. Neu dot bién

x4y ra & t& bao sinh duc (germ cell) thi né cé thé di truyén
cho thé hé sau.

> Su dot bi€n c6 thé xdy ra tu phat (khong bi chi€u xa).
Lugng biic xa d€ 1am sd dot bién ting gip ddi goi 12 lieu gdp
doi.

> Poi véi co thé ngudi, lleu gip doi trung binh la 0,6 Gy.

Nghia la khi nhin mot licu 0,6 Gy, xdc suit bi benh ung
thu ting lén gap doi.
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§3. Phédn loai cdc tdc dung cua biic xa 0 miic ldm sang
Tdc dung cd thé (somatic) va tac dung di truyén

Tac dung sinh hoc cua buc xa: 1a tir dung de chi chung cac
tricu chu’ng lam sang Xac dinh, vi du su n01 do da, ung thu,
su chét cia t& bao, cdc tén thu’dng di truyén v.v..

Téc dung sinh hoc cua bifc xa c6 thé dugc phan loai theo
nhi€u c4ch:

1. Tdc dung cd thé (somatic) va tac dung di truyén (genetic)
Pay 1a cdch phan loai theo cd thé chiu tic dung

Tac dung ca thé: 12 nhitng tdc dung chi x3y ra trong mot c4
thé.

Tac dung di truyén nhﬁ'ng tdc dung xdy ra § cdc thé hé sau.

» Tac dung ca thé xay ra khi cac t& bao ca thé (somatic
cells) bi ton thu’o’ng

» Tac dung di truyen chi xay ra khi cac t&€ bao sinh duc
(sex cells) bi ton thuong.

> Cdac t& bao sinh duc rat nhay bife xa.

85



§3. Phdn loai cdc tdc dung cua bitc xa 0 miic laim sang
Tdc dung ngdu nhién (stochastic) va tdt nhién (deterministic)

Pay 12 cdch phan loai theo quan hé giita liéu hap thu va ddp tng:
a. Tdc dung ngiu nhién

NgAu nhién: khi mot c4 thé bi chi€u xa thi cd thé d6 cé thé b1
hodc khong bi tic dung (vi du ung thu). Nhung khi xét mot O

16n c4 thé cung chiu chi€u xa nhu nhau, thi s& ¢c6 mot t{ 1& nhat
dinh c4 thé chiu tic dung

Ti 1é nay dugc g0i 12 xdc sudt xdy ra tdc dung.

> Du li€u hap thu thap bao nhiéu di nita, tic dung van c6 thé
xay ra (khong c6 ngudng).

> Xdc suat xdy ra ting theo liéu hap thu (ti 1& c4 thé chiu tic
dung tang).

> Nhung: muc do tram trong trén m01 c4 thé 1a khong phu thudc
li€u, va khi né x4y ra, cdc hau qud 1a nhu nhau.
Vi du: ung thu
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§3. Phdn loai cdc tdc dung cua biic xa 0 miic lim
sang

Tdc dung ngdu nhién (stochastic) va tat nhién (deterministic)

b. T4c dung tit nhién (deterministic, con goi la non-
stochastic)
LA cdc tdc dung chic chin sé x4y ra khi liéu vugt
qua mot muc ngudng nao do.

> Chi x4y ra khi li€u vudt qui mdc ngudng.

> Mtc do tram trong cang ting khi li€u cang 16n.
Vidu phéin ing cua da.

> Trong bi€u dién RDRR, tic dung ngau nhi€n la loa1

tuyén tinh khéng cé nguong, con tac dung tit nhién
la loa1 S-type.

> Tat ca cdc tac dung di truyén déu thudc loai tdc
dung ngdu nhién.

87



§3. Phdn loai cdc tdc dung cua biic xa 0 miic ldm sang
Tac dung som va tac dung mujn

Pay 14 cdch phan loai céc tdc dung c4 thé theo khodng thdi
gian tir ldc bi chi€u dén khi chiing xuat hién.

a. Cdc tdc dung som (early) hay cdp tinh (acute): 1a nhitng tdc
dung x4y ra hau nhu ngay sau khi bi chiéu.
> Tat cd cdc tdc dung s6m déu thudc loai tdc dung tit nhién.

b. Cac tac dung muon (late), con dugc goi la tac dung man
tinh (chronic): 12 nhitng tac dung chi c¢6 thé quan sit sau
nhiéu nim, ching c6 thé thudc loai ngiu nhién hay tat
nhién.
> Mot ngudi khi bi chi€u xa c6 thé bi nhitng tac dung

cap tinh hay khong (tuy theo liéu), nhung luén luén
c6 nguy ca bi cac tdc dung mudn ngiu nhién.
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Tém tdit cdc hiéu ving cia biic xa trén co thé nguovi

Tac dung sém

Tac dung mudn

+ Hoi chitng c4p tinh:
huyét hoc
da day va rudt
than kinh trung uong

+ Ton thudng md cuc bod:

da
tuyén sinh duc
t chi
+ Suy gidm huyét hoc

+ T6n thuong t& bao di
truyén

+ Bénh bach ciu
+ Cac béph ac tinh khac: ung thu xuong, ung
thu phoi1, ung thu tuyén giap, ung thu nguc
+ T(A)?,n thuong md cuc bd: da, tuyén sinh duc,
mat
+ Giam tu6i tho
'+ Ton thuong di truyén
T6n thuong t&€ bao di truyén
Gidm li€u gap doi
+ Hiéu tng d6i v4Si bao thai:
Chét trude khi sinh
Chét trong khi sinh
Bi bénh bim sinh

Bi u 4c tinh lic con tré

Cham 16n, cham phat trién
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§4. Cdc yéu td sinh hoc anh hudng dén tdc dung sinh
hoc cua biic xa lén té bao

Nhiéu yé&u t& c6 thé c6 dnh hudng dén tdc dung sinh hoc ctia
buc xa: Cac y€u t6 vat 1y va cac y€u td sinh hoc.
Céc y&u to vat 1y 1a liéu hap thy, LET, lugng Oxy, nhiét do
(d3 noi trén), suit li€u va sy phan li€u (s& hoc & duéi).
> Mifc d tac dung sinh hoc cta bite xa duge quyét dinh

chi y&u bdéi liéu hap thu.
Céc yé€u t0 sinh hoc la:

— loai t€ bao

— muc 0 trudng thanh cia t€ bao

— muc d0 hoat ddng cta t€ bao — cac dinh luit Bergonie

— giai doan ctia té bao trong chu ky té bao
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D¢ nhay biic xa ciuia cdc té bao khdc nhau
Cac dinh ludt Bergonie & Tribondeau (1906)

> Céc t&€ bao mam (stem cell) rat nhay doéi véSi bic xa. T€ bao
cang trudng thanh cang it nhay bic xa.
= Ty xuong rat nhay bifc xa va can dugc bao vé.
= Cédc t& bao than Kkinh it nhay bifc xa.
» Cac moO va cd quan cang tre thi cang nhay bic xa.
= Tré so sinh riat nhay bic xa.
> Mitc do trao doi chat cang cao thi dd nhay cang cao.

> Toc d0 tang trudng (proliferation rate) cua cdc t€ bao va tdc
dd phat tri€n (growth rate) cua cdc mo cang cao thi cang
nhay burc xa.

= T¢& bao ung thu nhay bic xa hon t& bao lanh.
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Su phu thujc cua do nhay biic xa vao chu ky té bao

Chu ky ti€n hod clia mot t€ bao (c6é kha
nang phin) chia bao gom 4 giai doan: i
+ M (phan chia t€ bao: mitosis) Most Radiation
+ G1 (chudn bi tong hop: 1st growth)
+ S (tdng hop: synthetic)
+ G2 (ting truéng: 2nd growth)
Cac giai doan G1, S, G2 dudc goi la gitra
pha (interphase).

M< G <S<G2

> Mot so t& bao, vi du cdc noron than kinh, 12 khong phan chia va
khong tang trudng.

> Nhitng t€ bao thudc ciing mot loai ¢c6 dd nhay biic xa khac nhau,
ty thudc vao ching dang & giai doan nao.

D6 nhay cua t& bao trong cdc giai doan:
G2>S>G1>M
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§5. Quan hé lieu-ddp iing
(radiation dose-response relationship, RDRR)

Mic d6 xay ra mot tdc dung sinh hoc cu thé 12 mot ham cda
11€u hap thu. Trong bi€u di€n toan hoc, quan hé nay dugc goi
1a quan hé li€u-dap ung
Muc dich cia hau hét cdc nghién citu sinh hoc bic xa 12 thiét
lap cac quan hé nay. B6 1a m6t ham todn hoc md ta quan hé
gifra li€u bifc xa véi cdc mic do cla cdc tdc dung quan sit
dugc.
Ung dung ctia RDRR :

— d& cung cap co s cho viéc 14p qui trinh diéu tri trong xa tri,

— dé& cung cap co s cho viéc phong chdong biic xa.
Tuy theo muc dich nghién citu, ngudi ta thi€t 1ap nhitng quan
hé cho tung loai tac dung cu thé.
O day ching ta chi xem xét dang di€u chung ctia quan hé
li€u-tac dung nay.
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Quan hé lieu-ddp ting ciia tdc dung tdt nhién

N

0,5

S Dy, li€u hap thy

N 14 s6 don vi clia tdc dung x4y ra, vi du so t€ bao bi ton thuong.

Khi liéu & dudi mot mic ngudng S, khong c6 tic dung ndo x4y ra.

0] gifta viing S va di€m udn, ddp Ung ting nhanh, sau d6 ting chim va
dat bao hoa: dang chir S (nén dugc goi la S-type).

Vi tri cia S, do doc va dang cua dudng cong phu thudc vao loai t€ bao
hay loai mé, pha ctia t&€ bao trong chu ky ldc bi chiéu, lugng oxy trong
mé, LET, v.v..

Vi du: liéu d€ c6 50% trudng hop ti vong sau 30 ngay bi chi€u toan
than bdi bic xa c6 LET thap 1a Dso = 4,5 Gy.
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Quan hé lieu-ddp ting ciia tdc dung ngdu nhién

liéu hap thu

» Khi li¢u hdp thu 1a thap, cdc tdc dung tit nhién khong xdy ra. Nhung khi
d6 van c6 thé xdy ra nhitng tic dung ngiu nhién.
Viéc quan sat cac tac dung ngau nhi€n gay bdi licu thap 1a rat khé. Do

do6 ngudi ta thudng xac dinh cac tic dung nay ung vdi li€u cao, roi ngoai
suy cho trudng hop liéu nhd.

Phudng phap ngoal suy thong dung nhat 1a ngoal suy tuyen tinh: ngu’dl ta
gid thiét ring & liéu thap, xdc suat xay ra tic dung ngau nhién 1a ti 1€ véi
li€u hap thy, va khong cé ngudng.
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Quan hé giita lieu hdp thu va s6 lugng t&é bao song sot

1. Duong cong liéu - song sot
Pudng cong dién td s6 lugng t€ bao c6 khé ning song st theo lieu hap
thu dudgc goi 1a duong cong liéu-song sot (dose-survival curve).
Khi liéu hap thu ting 1én, s6 lugng t€ bao c6 kha ning sdng sét bi gidm
di. Nhung qui luat nay khiac nhau doi véi cac loai t€ bao va loai mo khac
nhau.
D€ tng dung viéc chi€u xa mot cach hiéu qua, ngudi ta can biét rd qui
ludt nay vdéi tung loai t€ bao.

a. Duong cong lieu-song sot cua vi khudn
Nhitng hi€u biét ddu tién vé dudng cong li€u-sdng s6t ddi véi bic xa ion
hoéa c6 dudc tir viéc nghién ctu vi khuan.

> Kha niing song sét clia vi khuan gidm theo him e khi liéu ting.
Pudng cong li€u-sdng s6t trong bi€u dién trén gidn dd ban logarit (truc
g()’énAh tuyén tinh, truc tung chia theo logarit) 1a mot dudng thang v61 do

oc am.
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Puong cong liéu - séng sét ciia vi khudn

N/N,
100% \
37%

13,5%

4,9%

D 2D, 3D, li€u hdp thy

(0]
Duong cong liéu - séng sot ciia vi khudn theo liéu hép thu
N/N,: ti 56 gita s6 vi khudn con soéng va sé vi khudn ban dau
D, : lieu hdp thu dé lam s6 vi khudn séng sot con bang 1/e = 37%.
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Duong cong liéu - séng sét ciia vi khudn

Qui luat glam theo ham mii: Khi tang liéu hép thu thém mot lugng xdc
dinh, thi mot ti 1& khong ddi vi khuin sé bi chét.

Liéu hap thu D, can thiét de lam gidm s& vi khuin song s6t xudng con
37% (= 1/e, vii e la hang s60 mii Euler) 12 mot tham s6 dic trung cho
dudng cong li€u-séng sot.

D, cang bé thi dudng thang trén hinh cing ddc va t€ bio cang nhay vdi
buc xa.

Néu ban dau faco No vi khuan lanh, sau khi bi chi€u mot li€u D, thi s6&
lugng vi khuan s€ giam Xuong con N No /e, hay N/N, = 37%. Néu nhan
dugc mot licu 2 D, thi s& vi khuan song sot sé con (0,37)2 =13,5% cia
NO)

N6i chung, v6i mot liéu n D, thi ti 1& vi khu4n sdng s6t s& 13 (N/ N,) =
1/e".

Tinh chat glam theo ham mi (tuong tu hi€n twong phan ra phong xa) cho
thdy su glet chét \2! khuan mang tinh chit ngau nhié€n: khi bin mot chum
hat vao mdt tap thé cic vi khuan, ta khong thé tién dodn vi khuén nao s€
bi glet chét, nhung c6 thé tién dodn s6 lugng trung binh cédc vi khuin bi
giét chét.
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Duong cong song sot ciia té bao dong vt coé vii

N6i chung dudng cong song s6t cua dong vat cé vi cé6 mot
vung “vai” (shoulder region) truéc khi giam theo ham mii.

n The shape of the curve is fully

=0 defined by both N and Do.
20 . Extrapolation
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Duong cong song sot ciia té& bao dong vit co vii

Pudng cong song sét nay cé thé dude dic trung bdi 3 tham
s0, d6 1a lieu ngudng Dy, li€u D, va s6 ngoai suy n.
Liéu ngudng Dg: dic trung cho do rong cla ving “vai”.
Ving “vai” thé hién khd niing tu stra chita nhitng ton thuong
dudi mic tir vong do bifc xa li€u thap giy nén, su tu sua chita
lam cho ti 1€ sOng sét giam cham theo li€u hap thu.
Nhung khi ti€p tuc ting li€u hap thuy, ti 1€ sdng sét gidm
nhanh va sau do tuan theo qui ludt ham mi e* nhu trong
trudng hop vi khuan.

= Nhitng ton thuong dudi mdc t& vong ¢ thé sé& bién thanh ton
thuong tir vong khi ting lieu hap thu, nghia 1a c6 sy tich liy
cac ton thuong nhe thanh ton thuong nang.
D, cang 16n thi kha ning hoi phuc cia t€ bao khi bi chiéu bdi
li€u thap cang cao.
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Duong cong song sot ciia té bao dong vt coé vii

Trong p han gidm theo ham mil (phan dudng thang trong do thi),
khi heu hap thu ting thém mot lu’dng khong doi thi ti 1& t& bao
song s6t s€ glam di mot lugng khong dai.

bo doc cua vung nay cling dugc dic trung bdi Do, gidng nhu clia
cdc vi khuén.

S& ngoai suy n: 13 giao di€m clia dudng kéo dai cla phan gidm
theo ham mil va truc tung.

Y nghia cia n co thé dugc giai thich theo Iy thuy ét bia: Theo d6 s0
n dugc hiéu nhu’ la s6 “bia” (nghla 1a cac phan tu’ O val tro trong
su song con cua t& bao) can phai bi 1am mat tdc dung d€ c6 thé
lam chet t& bao, hay so6 ton thuong ma maot bia duy nhat phdi chiu
dung d€ c6 thé [am chét t& bao. Pdi véi t& bao cia ngudi, n ndm
trong khodng tir 2 dén 10.

Dang chung cua du’o’ng cong song sot la glong nhau cho m01 té&
bao. Tuy nhlen, cac cac t& bao lanh cua tay xuong, da Va rudt,
ciing nhu cac té& bao cua nhleu mo ung thu Khac nhau co do
déc (Do), dd rong ciia ving “vai” (Dg) hay s ngoai suy n khac
nhau.
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Cdc moé hinh gidi thich duong cong song sot
D€ gidi thich cdc dudng cong song sét trén,
nhi€u 1y thuyét khic nhau da dugc dé xuAt.
C6 thé€ phan loai hai nhém 1y thuyét: Iy thuyét
bia (target theory) va mé hinh nhiéu thanh
phdn (md hinh tuyén tinh-bac hai)
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Cdc mé hinh gidi thich duong cong song sot

Ly thuyet bia

bé gidi thich cdc dudng cong song sét trén, nhi€u 1y thuyét khdc nhau da
dugc dé xuat.

C6 thé phén loai hai nhém ly thuyet Iy thuyét bia (target theory) va mo
hinh nhiéu thanh phdn (m6 hinh tuyén tinh-bac hai).

Ly thuvet bia

TE& bao chia nhiéu phan tr 6 chirc ning khéac nhau trong vi€c duy tri sy
tOn tai binh thu’dng cua no. HAu hét cdc chic ning duge thuc hién bdi
nhiéu phan t& cing loai dong thdi.

= C4c tdn thuong do bifc xa gy trén cdc phan nay sé khong gay nén ton
thuong dang ke cua t€ bao, do nhitng phan tir cung loai khong bi ton
thuong c6 thé ti€p tuc duy tri hoat ddng clia t& bao.

Mot vai phan tr khac c6 Val tro ddc bi€t quan trong trong Vi€éc duy tri
hoat dong binh thudng cta t€ bao. Cac phan tu nay tOn tai trong t€ bao
v6i s6 lugng khong nhiéu, va thuc t&€ ¢6 thé chi cé6 mot phan i, nhu
tru’dng hgp ADN.

= Sy ton thuong bic xa gdy nén trén cdc phan tir nay c6 thé 4nh hu’dng
ngh1em trong dén te bao, vi khong c6 phéan ti khac cung loai c6 th€ thay
thé vai trd cda né dé duy tri hoat dong binh thudng cla t& bao.

» Phan t0r nay dudc goi la phdn tit bia (target molecule).
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Ly thuyét bia

PE t&€ bao c6 thé chét do bic xa, phan t& bia phai bi lam té
1€t hoat dong.

Su tudng tac gitta bic xa va cac thanh phan cda t& bao la
ngau nhi€n, do do su tuong tac giira buc xa va bia la ngau
nhién. Bic xa khong di tim bia. Cac phan ti bia sG di nhay
biic xa la do vai tro song con cua né § trong t€ bao.

Khi mdt bia b1 1am té€ 1i€t hoat dong (inactivated) do sy
tuong tac (truc ti€p hay gian ti€p) v4i bic xa, ngudi ta no1
rang da xay ra mot hit (tring dich).

Ly thuyét bia dudec md rong d€ gidi thich cdc dang dudng
cong sOng sot khac nhau.

C6 ba loai md hinh ctia 1y thuyét, bao gdm: mdt bia-mot lan
trung dich (single-target, single-hit model), nhiéu bia-mot ldn
trung dich (multi-target, sigle-hit model) va nhiéu bia-nhiéu
lan trung dich (multi-target, multi-hit model).
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M@é hinh tuyén tinh-bdc hai

M6 hinh nhiéu thanh phan 12 mot sy k&t hdp clia cdc mo hinh trén
dong thaoi.
Déng chud y nhat 1a mo hinh tuyén tinh-bdc hai (linear-quadratic),
dugc st dung rong rai trong nhitng nam gan day.
M5 hinh nay dya trén quan sit thuc nghiém: cdc tdn thuong dut
nhanh d6i khong hoi phuc duge cé thé gay nén su chét cta t€ bao.
C4c ton thuong ddt nhanh ddi c6 thé xdy ra khi c6 mot vét bifc xa
LET cao di bang qua (mot bia-mdt 1an trung dich), hay hai vét buc
xa ¢6 LET thap di qua gdn nhau (mot bia-hai 1an triung dich). Khi
doé ti 1€ song sot s€ 1a tich cua hai trudng hgp nay
Do xdc sudt xdy ra mot hit ti 1& v6i D, x4c suat x4y ra hai hit t 1
vGi D> nén

ND) _

N O

—oc.D.e—B.D2 —(oc.D+[3.D2)

C = C
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M@é hinh tuyén tinh-bdc hai

Do su phu bac mot (tuyén tinh) va bic hai vao D cta s6 mi,
mo hinh nay dudc goi 1a md hinh tuyén tinh-bac hai.

Vay dudng cong song sét néi trén cé thé dude md ta bdi hai
tham sO o va 3.

Pai lugng can x4c dinh vé mat thyc nghi€m la ti s6 a/B. N6
xac dinh phan dong gép cua moi co ché€ gay nén @it nhanh
do1 ing v61 mot 1li€u hap thu xac dinh.

Khi (a/P) 16n, nghia la khi phan dong gop cua B 1a nho, thi
dudng cong song s6t c6 mot phan vai hep, ti€p theo 12 mot
ham mii giam.

V6i (o/B) nhd, nghia 12 khi phan déng gép cua B 1a 16n, thi
dudng cong sOng sot c6 mdt phan vai réng va sau do la mot
ham mi giam.
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Ti 1& sdng sét

0,1

0,01

M@é hinh tuyén tinh-bdc hai

o/B 16n

<

o/P bé

5 10

15
Liéu hap thu (Gy)

20
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M@é hinh tuyén tinh-bdc hai

V€ miit sinh hoc bic xa, ti s6 o/ cho bi€t khd ning stra chira
cua t€ bao doi v4i nhitng ton thuong bé. Ti sd nay bé nghia
1a t€ bao kha ning stra chira tot hon.
Vi bic xa ¢6 LET thap, su phu thudc bac hai vao D chiém
uu thé, va vdi buc xa ¢6 LET cao, su phu thudc bac moét vao
D chiém uu thé.

= Nghia 12 sy stra chita cda t&€ bao chi c6 hi€u qué vdi bic xa
c6 kha ning ion hda bé.
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Cac mo dap tiing som va mun

V€ mit thoi gian, dap ing ctia cdc mod do6i v4i biic xa cé thé
chia 1am hai loai: sém (ngay, tuan) va mudn (thdng, nim).

> Cac mo ung thu c6 téc do dap ¥ng sém doi V0’1 buc xa.

Mot so loal mo lanh cé ddp ng sém va mot s6 cé ddp ung
mudn. Pd1 véi cic mo lanh, khoang tho1 glan tir ltc bi chiéu
dén khi c6 nhitng biéu h1en lam sang ngan (sdm) hay dai
(muon) ]a phu thudc vao toc do thay doi cua cdc t€ bao
trudng thanh trong mo.

» Cac mo dap dng s6m co ti sO a/B 16n (nam trong khoang
tr 7 d€n20 G y) va cdc mod dap Wng mudn cé ti sé o/p bé
(trong khoang tir 1 dén 5 Gy).

bicu nay dudc gidi thich la doi véi cdc mo dap ung cham,
cdc t€ bao co thdi gian d€ stra chita cdc t6n thuong dudi mic
tf vong tOt hon.
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? A A I~ N A? ,
Anh huong cua mot so yéu to dén duong cong song sot
a. Anh huong cua LET
- Dung cic dudng cong sdng sét t& bao d€ xem xét mot vai vi du
vé 4nh hudng ctia mot s6 yéu t6 dén tdc dung cla bic xa.
a. Anh hudng cua LET dén duong cong song sot

So sdanh dudng cong sOng
sOt cua cac buac xa ¢6 LET
cao va thap.
PéE ti 1& t&€ bao song s6t 1a
10%, khi chi€u biang
neutron, chi can 2 Gy; con
khi chi€u bing tia X, can 6 |
Gy. ' LET cao
[ neutron

LET thap
tia X
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Anh huéng ciia mot s6 yéu t6’ dén duong cong song sot
b. Anh hudng ciia Oxy

Lugng Oxy trong t€ bao cling 4nh
hudng dén xac suat gi€t t€ bao.
Anh hudng nay cang manh khi
LET cua bdc xa cang bé.

Khi chi€u cdc t€ bao bing tia X,
dé ti 1€ t€ bao sdng so6t 1a 10%, khi
cac t€ bao G trong di€u kién giau
Oxy, chi can 2 Gy; con khi cac té .
bilO 4 tArOI}Ag dleA}l kién giau QXy, _ Tia X
can mot li€u hap thuy 6 Gy dé dat
dudc muc dich.

Ti s6 ting cudng Oxy (Oxygen 2 o, e
Enhancement Ratio, OER) khi d6

14 bing 3.

\ Tia X

ngh¢o oxy
OER = 3,0

giau oxy
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Anh hu’o’ng clia mot s0 yeu t0 dén duong cong song sot
c. Anh huéng ciia sudt lieu va su phan lieu

Cdc dudng cong sdng s6t ndi trén tng v4i trudng hdp céc t€
bao dugc chi€u mot 1an duy nhat, v61 cac lieu hap thu khac
nhau.
Vi cing mdt liéu hap thu, tdc dung sinh hoc cla bic xa con
phu thudc vao phudng thic chiéu.
C6 3 phuong thitc chi€u dugc 4p dung trong xa tri:

+ chi€u mot 1an duy nhat trong mdt thdi gian ngin (suit liéu cao);

+ chi€u mot 1an duy nhat trong mdt thdi gian dai (suit liéu thap) va

+ chi€u nhi€u lan véi cdc phan li€u nhd.
Cac phuong thitc chi€u nay cho cdc dudng cong song sot
khac nhau.
Ly do: khd niing stra chira ctia t&€ bio ddi véi cdc ton thuong
nhe.
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Anh hudng ciia mit so yéu té’ dén duong cong song sot
c. Anh hudng ciia sudt lidu va su phan lidu

Pudng cong song sét _
trong trudng hgdp cdc té€ x
bao dudc chiéu v6i cic |
suat lieu khic nhau:

7

+ 1: suat liéu cao, 3
+ 2: suat liéu trung binh, \ 2
+ 3: sudt li€u thap. L
= V§i cung mot liu tong,
néu suit liéu cang thap
thi s6 t& bao sdng sét @ Lidu hip the (Gy)

cang cao.
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? A P 2. N A ,
Anh huong cua mot so yéu to dén duong cong song sot
c. Anh hudng ciia suét lidu va su phan lidu

Pudng cong song s6t khi cédc t€ bao

dugdc chiéu bing mot lan duy nhat
(1+2) va bing ba phan liéu (1+3+4)

cach nhau mot khodng thdi gian. \

= Pudng cong (3) 1a mot su 1dp lai cua

ong a mot sy 1ap lai cu |
duong cong (1). : \ 3
= V§i cing mot lieu tong, trudng hgp,

chleu bang nhiéu phan liéu cho ti s¢ | o
t& bao song sot 16n hon. 4

phan liéu 1am gidm tdc dung cta bic
Xa.

> Doi véi cdc mo da u’ng nhanh, VleC
phan li€u it IAm gidm tdc dung cda bifc

> D0oi véi cdc mod dap u’ng chim, VleC : \\

Xa.
= Trong xa tri, viéc phan liéu givp
giam tac dung 1én t& bao lanh, , trong b) Liéu hap thu (Gy)

khi gilf nguyén tac dung lén te bao
ung thu.
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