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B, ik DL Co ZHMI AR Xt 4, B MR S Aol 240 A oy 22 Rt s v 1 5 5 & S 38 4 DNA
P47 ; TS AN B ARAS I JE S R B PR T2 5 TERETE o 2 S WA T BT R 0 25 45 O B 5 VE R AL
il RAHEE T 225007, Pearson FAH 0T, &5F  BYHIGEH 0 Gy ¥mk 1.5.10,15 Gy A,
DNA #3453 3% 17 hn 2 B A ) 5 M HE (P=0.000~0.690) , G, H1Fr 5 T 4> L B340 (P=0.026~
0.749) , JHT-ZZ 8 L F+H(P=0.000~0. 000) , 7&FETE B E Wi FE AR (P=0.000~ 0. 004) ; [FI BT, R4
FUA Lac/Cr iZ#8/0 (P=0.000~0. 015) , 5 DNA #5250 B K EEH DNA & 24 Bk i
FAE(r=-0.971,-0.998.,-0.995) , ST R ELHEHRANKE (r=-0.978) ., &€ MR Z ikl % 9
C6 AN IS Lac/Cr HCABZAE Ak 55 o8 A0 AR 1 B R AH G MR S0 ELAG 000 i e Jo5 9o i 23 468 4
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[ Abstract] Objective
"H-nuclear magnetic resonance ('H NMR) spectroscopy, and to preliminarily investigate its mechanism.
Methods
used to evaluate DNA damage. Flow cytometry was used to determine the cell cycle and apoptosis rate.

To study the radiation injury of rat C6 glioma cell line by high resolution,
Metabolite concentrations in C6 cells were determined by ' H NMR spectroscopy. Comel assay was

Colony-forming assay was used to measure the colony-forming rate and preliminarily investigate the
mechanism of radiation injury. The results were analyzed by one-way analysis of variance and Pearson
With the increase in radiation dose from 0 Gy to 1, 5, 10, and 15 Gy, DNA
damage was enhanced in a dose-dependent manner ( P=0. 000-0. 690) ;the percentage of cells in G, phase

correlation analysis. Results

increased (P=0.026-0.749) ;the apoptosis rate significantly increased (all P=0.000) ;the colony-forming
rate significantly declined (P=0.000-0. 004) ;the Lac/Cr ratio significantly decreased (P=0.000-0.015) ,
which had a negative linear correlation with DNA damage parameters (tail length, r=-0.971;%DNA in the
tail, r=—0.998; tail moment, r=-0.995) and apoptosis rate (r=0.978). Conclusions 'H NMR
spectroscopy reveals that the change in the Lac/Cr ratio is associated with injury and apoptosis of C6 cells
after radiation. 'H NMR spectroscopy has the potential to predict radiation injury of glioma.
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SR T VIO L i YT 29 5 | R Y i i
JEIRE AR T SRSERIE N K G, HWIBH 5 40 AR
HPIAEAE — A PED) | S mT 51 40 i 0 7~ R
i, B DNA #5445 & IR e A TR Y
WFSE RS g 20 it P A P AR T 2 i S A e T
FFAFE—E M SEMET . ARBFSE & 1 38 a3 43 AT i S50
C6 AL IS 5 DNA 451405 | J&1 491 BEL i 55 00 172 2 (1 41
KA 0 MR S5 DNA i AT C R
T A VA i s 550968 1140 ST 7 9 7 s e e — el 1y
R 5%
ST %

1. 4t 7 22 R0 320 . K U RS B Co 21 i &
W v L R 2 Bt L il A i B A T B A R D
>, DMEM X% 7% 5L F el 5 ) FH 28 18 HyClone 2
A5 A T W R AE D AR R A 5 57
BT FH 3% 590 S 85 97 L4 3 35 [E Corning A
A 5 20 M VR A7 R 3 7 ( DMSO) I [ DMSO
CHINA CHEMICAL /A ] ;400 H 4 A i /9 W 5 7 [
Miltenyi 23] ; i SR WL, 2RI (FOK (N BR N
— W SLRELEN R AN 3-( Trimethylsilyl ) propionic-2,2,
3,3-d4 acid sodium salt, &jFK TMSP ) AL WA H %
T 5 f 27 5 200 BB AS 300 65 0 1 [ BestBio A
A A TR &% A 31 BD Pharmingen 23 W
OxiSelectTM Comet Assay Kit (3-Well Slides ) Il FH 3¢
[ Cell Biolabs 2y,

2. 405 IR Co B M ORAFAE LU AR R [ 5K o A
OISR E MM E . AR FRE 10% 16 248 17
() DMEM 35525k 55557 55440 37°C [5%CO, L FI
TR B2 d AT IR

3.2 AL PN A T AR 0 i B R 0 L R T DTS
RN 175 em® B ML, FRA % A K E
50% AT X 2R HEST, FEUG QR 235 9% 24 b J5 40 %
JEERZEY 80% , WAL I 5 AR, 55
5129 0.1.5.10,.15 Gy, B4l 2 A EEFR L, Rl
EAMECE 2N 1.0x107, FER$53R5E, VKPR PBS
e 2 Uk, AR TR IO M B A B0 A E T B0
(4°C,1000 r/min,5 min) , 325 F 35 RS DT
TE . AUMETTVE (BT VK & N, PRIE 20 ML 0 UE Ak T 7K
AT ) INAHRE A 129% K% A 58 1 ml, #8
FEESL S min , PR35 TR GO T 5 B O LA
B0 (0°C, 13000 r/min, 20 min) ., &0 5 B E G
W, A1 mmol/L Y AL 24 800 wl, J%E pH %
7.2, 05 PR R RO, B0 e B T RCE TR

RTHL(ALPHAI-2LD, 5 CHRIST 24 &) W%,
THRRE RN -20 C VKR IRAT

4. MR Z 35 E - A0 NSRBI 7E-20 CUKFE
TRAF 48 h JE U I SRR S L T
ZOR, RGO KPR IGR I 10 mg, IR T
600 wl 4°CPRAFHY K (AR TMSP) i B2 42 Ik
I, FERE L TS0V W S RHA OS2 5 mm /Y
Wm0 Ak A N AT R I, MRS A A R
BRUKER AVANCE 600 %! MR % A%, £ 3k oy i A1
WISk, TARSR A 600. 13 MHZ, £33 36 H &
KBk zgpr FP 51, Blas B 31515, AR E 128
U FAREINTE] 1 min, RIS 005 R G EdiE &4
R LI A RH S, S B A I 22 ) A B TR
1 A% s A AL BRER {4 MestRenova Ji X i £k H
7 = EZ A, I TMSP (0.00 ppm) | 5 5% A iR
(isoleucine,Iso, 1.23 ppm)  FLMHR (lactate, Lac, 1. 33
ppm) N-Z Bt K ]2 2 R ( N-acetylaspartate, NAA
2.02 ppm) BEHIMR ( succinate , Suc,2. 39 ppm) JILIR
(creatine, Cr, 3. 03 ppm) . AH B ( choline, Cho, 3. 21
ppm) JULEE ( Myo-Inositol , MI, 3. 55 ppm) %5474k
NS E AL I X R AR AT A b B, Ak
JE = (fR 16 T BV TMSP 16 R L) x (1R
ZUBTTH/9) x TMSP ¥ J , Lac/Cr = ( Lac T T
B/ Cr W R THIFR) x(Lac 20574/ Cr 25 T40) .

5. B SG (HAA M B Pk L) A DNA
Pt AR SR AR AR 25 em® M KFFRILD 1%
RIG RN B AR K 2 2 50% I, 04T X 26 B4,
BT IS AR 245 5% 24 h, EI AR 2% BE 208 80% . I
AN, VKUK PBS PEd 2 UG, JBRAGIF AL PBS T,
e AP 1.0x10°/ml, AL S B
1: 10 HBITE 2], 7E 51> OxiSelectTM Comet Assay
Slides FLHITA 75 wl 185 Wk 4°C 28 T HR
Bl AV 2R 1 AT 30 ~ 60 min, Bl R, Kk AR 12 94
30 min, 7K KA EEL VK 15 min, RGEGEKIEE 3K S
min/?j(,70%bj(7}g CEEE S min, DNA P ( Vista
Green DNA Dye, 1 1) 100 pl/fLY {5 15 min, ¢ i
il T EE $AME . CometScore 451143 #T DNA 45
(K Bt DNA & ) , B AL
T 200 A AESR (R,

6. 7. X 240 A SRS 0 240 e ) 300 - A« 20 B RS 24
h B A E 2 80% I W AR 200 L, JE i 1K Ak I 150
IANMEYLVE . VKR PBS VEVRANAL 2 W, W FE 5
1.0x10°/ml, 75% VK% £ B = 20°C [6 E 1 h, 7KK
PBS ¥E% 1 YK, A Rnase A ¥ 20 pl,37°C /K IA
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30 min, 400 H M35 A 5 wl P YL, 15
J& 4°CHEEIFT 30 min, 320 SR I JE 343 A
R P 488 nm,,

7. A LSRG 00 4 o T AR RS 24 h
WA F 2 809 I ISCHE AN, FE T Fb ) 5 0 B
YL DTUE, VKR PBS VEU4H AL 2 X, H binding
buffer ( 4002 IR, 4E+7 20 AR PREE (195 15 R &
pH 1) BN, W FEJH 2 1.0x10°/ml, 2R J5 W HX
100 pul 400 W ZE 5 ml R, MA 5 pl FITC
Annexin F15 pl PI,ZE iR EOCIEE 15 min, BEEE
Fokigh i AR TE ST RO, 9 E R b B B A
2~3 LA YL U s A 400 pl binding buffer
1 h AT = A0 AR

8. SURETE LS50 i Ab 48 50 K 1) 240 B 4 )
257 0.1.,5.10.15 Gy X ZeHST, 2 JG4k8eh5 5% 24 h,
FEFRE R JE T b R 20 R (107 ~ 107/
ml) , 75 6 FLAR H AR 45 RS 5] 1 DA /IN B K43 0l b A
10001500 ,2000.,2500.3000 ™2 it/ L, 47 2 i
W6 M PATHEA 5535 2 JH 224, ARG IERR R, 7+
LR, PBS BRI 2 IR, 75% I [E 5E 20 min, 1%
FRI4E 8 IR MR YL (5, 10 min , ZEMK VR L L, 25
AT KRR LS B i — 5k A% 378 B 4K
YA TE R (45> 50 IR 1 AN FERETTERD) |

9.4531 77 k. W FH SPSS 17. 0 Bt X 52 36 45
PEATLR () R 2R 7 2255 M1, Pearson ¥ M1 R0 H1, P<
0.05 HEFHGIEE XL,

# =R

1.C6 2 MR 235 . I 14, 7T @53 P
MR XK C6 4R M2 X £k SR Ak & 1,
CO6 2 i AR M Fh 2K = A Tso. Lac, Ace , NAA |
Suc ,Cr,Cho \MI, #5138 ¥ 0] & it 22 B K, B X
£4 HESFF 7R S 4 R 4% 700 2 (R AR ) LU AL Lac/ Cr 353
BN 1 PTR 2l E nE 2,

2RI COo AL X 4 IR 15 5 B S0
MG, SO0 CHRIC AT DNA YL 70K 40 2 ;9 DNA 43
A XSG Rt D2 FEAG SR DNA i, il 3
AL ,0 Gy B DNA SRELEFIE 40N ,1.5.10.15
Gy IHTEH AR FH R0 4> DNA B8 40 i % ok, 2
AREPCEREE", Bl X 2R MRG0 K E R K,
B DNA 7 &% Wi 2, B % W 3 K, 3B
DNA fi552 8 i . DNA #1455 4 2 50t e & W &
4,07 UL DNA #4455 2 8N e, 0~ 5 Gy B AE{L B &,
5~15 Gy B AR fb 222 | 2 50 ARt

Fz1 KU Co IIBARRIFE X LRSS MR &%
K AR Lac/Cr Fb 8 098

FlE 1 2 3 4 5 6 FIH trifE2 PME

0Gy 0.85 093 1.01 092 1.03 0.85 093 0.08 -

1 Gy 0.75 0.84 0.69 0.74 0.76 0.56 0.72 0.09 0.000
5Gy 0.66 0.72 0.67 0.59 0.46 0.50 0.60 0.10 0.015
10 Gy 0.59 0.46 0.44 0.46 0.36 0.36 0.44 0.08 0.002
15 Gy 0.30 0.29 0.27 0.39 0.28 0.35 0.31 0.05 0.013

Ace
TMSP
Lac
M1 Cr Iso
| ‘ Cho| NAA ‘
Sue | |
|
< ] «.\_[_\L.Li'_.‘_l‘l\,,’\ _,_ﬂ,_LJ.,__JA.'“.__ i N

4.4 3.6 2.8 2.0 1.2 0.4 ppm
1 RBIEAME C6 B4 FE% MR &% (Iso, Lac . Ace \NAA Suc,
Cr.Cho MI & ZHIEK, Ace I Lac FEHBIZE NAA M Suc 8

D)

1.5
P = 0.000
1o P=0.015
& K 1 P =0.002
S X I P=0.013
= 0.5 RS
X
X
0.0 WSS e

0Gy 1Gy 5Gy 10Gy 15Gy

2 KRBT Co M ATEF i X L RETS Lac/Cr 24K

5 Gy 10 Gy

15 Gy

3 JRBUE C6 diMIZ AR X L NG B R S K A

3.2 JE S BEL A - Co 20 B 28 AN [A) 571 i X 4 MR 4
Je B AN R0 A an &l 5 s, X 650 0 Gy 3
ik 1.5.10 Gy &) G, AT &5 & 40 ol (58. 12+
1.98) % 4% W38 hn K (67.08 +4.79)% . (75.72 =
2.97)% .(81.86+3.43) % (P=0.026~0.049) ; M& 4}
FIEYE A 15 Gy B G, BT 5 B 43 kb ok (80. 72+
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2.35)%,5 10 Gy BHAHIT (P=0.749) , %M, X £
LA 5,10 Gy B S HHRT (5 A 48 L 40 3 ok (12. 48+
1.65)% .(5.67+2.82)% (P=0.043) ; X Z5| & K
1.5 Gy B} G, B30 i & 4 Lk 40 5128 (15.60 +
1.92)% . (10.15+1.83)%(P=0.013) ,

50
40—

£ 39
B
=
Z 50
3

10—

0 T T T

0 5 10 15
F& (Gy)

- HEREHBDNAEE ( P=0.00,0.09,0.01,0.08)

— BFE ( P=0.00,0.05,0.00,0.15)

- BE (P=0.00,0.00,0.00,0.69)

4 JRFURE Co Al 2 AR5 B X LIRSS DNA i £ 2 80 1

100

00 BF o5 HE R (%)

AR

B 5 TR C6 4 4 A R Rk X2k NS R A3 A 16 (0 P=
0.026~0.049)

4 0L T E E < CO A Bt IR ST 50 1 R U
TR, 2 e SRR E 6 iR,
HES 5040 0 Gy BFAIARIR T8 4y (3. 59+0. 27) %, 5
Gy BT R0 4 (7. 96+0.29) % (P=0.000) ; i
HESRF ) e 2R 18 R T R 22 1%, 24 15 Gy 1A
2% (12.09+0. 24) %,

5. UREIE L E BRI 0 Gy B4 1.5,
10,15 Gy B, sLREIE il 3 B db B AR HL 2 AT 711 4Kt
£ (P=0.000~0.004) , {1 7 s,

6. FHIC AT . it B S F5 1, AR HU A Lac/
Cr ZWE /0 (P=0.000~0.015) , 5 DNA #ifji 5%k
(B EZET DNA && ) BA M RAHE (r=-
0.971.,-0.998 .—-0.995, 1K 8) , ST LM 1 A1
X(r=-0.978,9)

Wi

i 8 S5 968 €6 240 0 £ AN ) 79) 4 X 4 IR AR A

15 P = 0.000
P = 0.000

- P = 0.000
210 "
L) P = 0.000 ——
Ho | |

Eg 0 —

-

1Gy 5Gy 10Gy 15

0

-
4 B

0Gy TV

B 6 R Co ML A Rt X 2k MRS Ji TR AR (L P

P =0.000

1.0
0.8 P = 0.000
B
0.6 ——
S .
ﬁ 0.4 P = 0.000
0.2 - P=0.004
0.0 - = [T
0Gy 1Gy 5Gy 10Gy 156Gy

B7 U Co ANBZARIFIE X 2k MU S se I i 4341 18]

« B
« SREBDNASHE
B

] !Ii} ZI{) :i]{} 4 :} :':t}
DNA#R 1%

8 KT Co 4RI Lac/Cr H{E 55 DNA 3445 S 500 6 1k

Sy M

1.2 *
.
1.0 \
—_ a \}\‘\ )
- N,
- 8- \{\
st .
H 5o e
&= .
* N
1 e
~
2 I I I

I I I I I
0.0 0.3 04 056 06 0.7 0.8 09 1.0
Lac/Cr

9 KR Co ANAEARINY) Lac/ Cr H{E 5 A T-FAH L 4 Hr ]

MR & &l WA M N AR fh 2 i 2, IR
TMSP .Iso .Lac NAA Suc.Cr.Cho MI BIfL2AF257
ST 0,1.23.1.33,2.02.2.39.,3.03.3.21.3.55
ppm**, HLA R & 22 Bl k. AR &3
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Lac/Cr 5 C6 4L TR A7 7F B W A AH C O & |, Bl
Bl X 28 M8 S50 B3 0, Lac/ Cr 3B 30/, U8 77 R %
W hn ., Lac 2 WEICE B ), HE RN Z D H
T R T e A 7 2 2L SRR O, AS TR BLAA
PROCTRN Cr B9 & & AR Fr A R, IR L
Cr NS HEARUE , Lac/Cr 7] A BRAC Y Lac & & 1)
2/ RIBEAT X 22 AR50 2 A 15, sl e A il st s
AP TRIEIN, J3 A AR A R R Bl X £
HEGH5A) RS AN, Cho/ Cr BTG AN Sue/ Cr B ¥ /L,
5 Dou VY HFFTAERARML, Cho & 40 i 5 i 5 X
AT IZ T B NS, Cho B ARAR i 2 AH Bsl A1 H
THBE PR IEL B2 L, JH 5 v A 02 S I T 4 e P vl
ERIACIR 0 B 40 i PN Ao 20 240 R 1 T
%5 Garcia-Alvarez 251" 19 #F 9% 3IF Sz, B
(glycoside) =& BifRAHH H ( thioglycoside ) 1] 5 L #
W5 HE T ( sphingomyelinases ) FATLTE , 1T 5 | ECBE R IH
BB . AT X LIRS Cho/Cr Y
P& 1 AT RS2 T Al s il 1 RS 5 RS R A 7K -
(42 5 5 Suc/ Cr [l 7 JE 500 43 38 o i 228 7 sk /D vl g
P24 L P — S gl R T 11 S B AT DG, Sue/Cr AR
H—THRbRA T i — 2P

Annovazzi 25 fFSEIESE DNA $6 45516 2 ML
() DAY P34 58 ek R A48 6 1 S S R | 3R DNA 454
P e R Bt o A 0 T BORSE ARG O . FRATIC X
2 FEIS 500 1 20 T G I AsE, DNA 653473 32 7 i &, AT
Ja B — R G380 B RS2 AR AR i 5 R R
ST A A A U 7 BH 2 0 = JR B A AE G,
1 40 B AN FE 57 B DNA S il R 38 58, DT A
T2 IRFERE R U T2 5% 320 T 184 K 5 e 440 i 14 4 1% )
ZFH, 50 BT R i PR AR, Zhang 257 FEH:
WS, ISR 8 Gy ¥4k 12 Gy A, C6
YA T AR TR AR Lac/ Cr RS fLAS B
B, MR R B, ARSI A RAESE X 4 U
I O Gy 3% 5 Gy I, DNA 515 e, G,
W & E ST U TR R T 5 Gy 3 F|
15 Gy B, DNA $iif 4 B2 e, G, WA o5 A 49 Lb AR
AEASHT S | 8 T 3R 0 B 1 5 R A0 5 4 ) B i AN
i), 5 Zhang %7 AR FT 45 SR EE A — 5, BEAAF ST
UESE 15 J5T 96 240 M S B0tk 32 Z2 B IR R 52 i, C6
240 L B BRI Fe T 52 0] 1l 10 Gy A4y s TR
T R R B vy RO A A0 % o 5 B R S 7
SN, B AZ B A A7, B SR R A, U
0 1 TN Y S 5 3 A0, A2 0 A SFe ki JE B 97 4 S 0T
YA

AN G, S REVE S 40 A A T AR A
TS AT 51 CO 20 A JE 309 LA | HL LA 791 B A A
JEHST St G SR RO 4R M N 2L BE 1 HO R
R AL 55 1] AE S5 IR GF 5 2 i) DNA 0540 561 4
A H3 B S B/ M E A A, FEG R
BEAE PESEAN A T, BRI 5~ 15 Gy B, 3%
AT SR 32 A, G, J1RT 5 1 4 He AR A AN A 8,
ToHRIEINGENG

M X MR 0 Gy 3k 1.5.10.15
Gy I, C6 4L DNA 534552 47 0 =, 4 7 3 14 ¥ 4
T AR Lac/Cr FUAE S DNA 54455 b 40 i 8 7= %
BIFEAE LR PRI G SE R MR SU0% ELA K i e o v
TR TS T, Sy MR 38 0 A0 957 00 i J5e 5 9
HHOT T RGR AL TR A

5 % X W
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AR 3E Y E A Y R U 4 RO TE R

BED =biologically effective dose=E#E & .

CBCT= cone beam CT = #EfZ ot CT; 95% Cl = confidence
interval = 95% FJ {% X [] ; CR = complete response = 5¢ 4> 2% fift ;
CTV =clincal targetvolume = IIfi RELARFR

3DCRT =three—dimensional radiotherapy = = 4 1& JE )7
DFS= disease — free survival = JC I8 2E 775 Doy~ Dinean ~ Dinin
D, o3 Dy, 73 BN B K 1 S50 /R R x em®
H x% AR FR 5 ; DM = distant metastasis = TLAb§% 75 ; DMFS
=distant metastasis—free survival = JGiE Ab %% % 4= 77 ; 2DRT =
two—dimensional radiotherapy = TR SIE YT s 3DRT = three -
dimensional radiotherapy = = 4t i 1 ¥4 7 ; DVH = dose volume
hisatogram = F| AT E 7 E

EGFR = epidermal growth factor receptor = & Ji A4 K K
ZAK EPID = electronic portal image device = HL, T 5 B 5215 3¢
H

FF =filter free = ¥J%% 4% ; FFF = flattening filter free = JG4J
LS

GTV = gross tumor volume = K & it & /& FX; GTV, =
nasopharyngeal GTV = &1 GTV;GTV, , = GTV-N =nodal GTV
=RELES GTV,

HI =homogeneity index =3%] 738 % ; HR = Hazard ratio =
fER I,

IMRT =intensity—modulated radiation therapy = J&15& ST ,

KPS =Karnofsky performance status =47 A RE1FE53,

LC=local control = Jaj##% il ; LR = local recurrence = Jay &
2%,

MLC = multi-leaf collimator=ZH-1E % ,
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NSCLC = non —small cell lung cancer = 3F /1N 21 g Jili 9 ;
NTCP =normal tissue complication probability = IE % 20 21 31 &
AEMER

OAR = organs at risk = fio F#s B 5 4H 21, 0S = overall
survival = S VAETE

PD = progression disease = ¥ J it & ; PDD = percent depth
dose = H 4R BE ) & ; PFS = progression—free survival = Joilt Ji&
H: 47 ; PGTV = planning gross tumor volume = T 1] A& i & {4
5 PR = partial response = #f 7 2% fift ; PTV = planning target
volume =TT RIFARFH

RFS = recurrence free survival = J& & & 4= 4’%, RILD =
radiation—induced liver disease = HU5 P4 AN ; ROI = region of
interest = /&%) [X ; RTOG = radiation therapy oncology group =
BT IR A4

SBRT =stereotactic body radiation therapy = A5 37 {4 5€ [7]
JW YT ; SD = stable disease = g e ; SRT = stereotactic
radiation therapy = 37 & & [1] it 7' ; SSD = surface to source
distance =Y {7 I

TACE = transcatheter arterial chemoembolization = & § 4%
HF sl ik AL T7 14 2 ; TE =time ofecho = [A] I 5} [] ; TPS = treatment
planning system = RIT R R4 ; TR = time of repetition = HE
]

VEGF =vascular endothelial growth factor = IfiL BN EAER
K -F ; VMAT = volumetric modulated arc therapy = 75 B 5 5
TEIRIT;V, = IEWHEEZ « Gy B S SR E 4 1,

WBRT =white brain radiation therapy = £ ilJ7 .
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