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Abstract

BACKGROUND: The clinical manifestation of acute radiation skin injury is recurrent necrotic ulcers, and its pathogenesis is still not fully understood. The
establishment of a suitable animal model will have important clinical implications for the study of its pathogenesis, prevention and treatment.
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OBJECTIVE: To establish a model of acute B-ray radiation skin injury and to investigate the mechanism of injury.

METHODS: Sixty-nine Sprague-Dawley rats were randomly divided into 30, 45, 60 Gy **P-B-ray groups (n=21 per group) and control group (n=6). A single local
irradiation of the back of the rats was performed using **P radionuclide. The control group was operated in the same way as the irradiated groups except that

it was not irradiated. The body mass and skin appearance of the rats were measured at 7, 15, 30, 45, and 60 days after irradiation. Three rats from each group
were selected at each observation time point. The skin injury was observed by hematoxylin-eosin staining, Masson staining, transmission electron microscopy,
and TUNEL assay. P53, Bcl-2 and Bax protein levels in the skin were measured by immunohistochemistry and western blot assay.

RESULTS AND CONCLUSION: There was no accidental death after irradiation, and the body mass of rats showed a gradual increase. The rats showed different
degrees of epidermal necrosis, inflammatory cell infiltration, reduction of hair follicles and appendages, and collagen fibrillation, which were evident at 60 and
45 Gy. The levels of serum inflammatory factors, interleukin-6 and tumor necrosis factor-a, were significantly increased in a dose-dependent manner. Under the
electron microscope, there are varying degrees of mitochondrial reduction, vacuolization and nuclear pyknosis in the cells. The degree of cell apoptosis showed
a certain dose-dependence. Immunohistochemistry and western blot results showed an increase in the expression of P53 and Bax proteins and a decrease in
the expression of Bcl-2 protein in the skin after irradiation. There were significant differences between the 60 Gy group and the 45 Gy and 30 Gy groups (P < 0.05).
To conclude, irradiation with 60 Gy and 45 Gy *P radionuclide on the back of rats could successfully establish a practically pre-clinical animal model, and the
mechanism is related to the up-regulation of P53 and Bax and the down-regulation of Bcl-2. This model can provide a reference for the establishment of animal

models for the study of the mechanism of radiation skin injury and its prevention and treatment.
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BEAE I HRTE &I T2 N, TR R e NS
RVFZ i AL I RIS H T3 B B 10 S e i 4 SR e AE A8 F g
T AR E B B MOR AR, R N A —
TR, ARSI —ERE, B ARG B R
Jok 0 U2 THI AT 51 2 TR T B IR A B, L PR R BN R
geig., R RE KRNI, 1TEAN 2%,
e B TRY ) e A A T 7 A S T R SR 4 R A A R T ke
JE TR Z A&, ARFER o By v HEL LT
X R R AR AN A AR AL, LB A e A R, B R kA
{1 2 B AT B0 ORI B R 405 140 3 1 WL 38 I %2 b
Rz, 485907 500 DNA BEWT R, ST S B DL K7 M S g A
NS R A ARG i R R R U B TN Rk
B e G R TR R A KR R RO g e P,
DA PR T M CRE DN 0 AR K1 WL (5 Sl e AR s DA
o B ARt B LRGN I = A K BT S T 45145 DNA, B
P53 JL[R ik, o448 Bel-2/Bax LUAE, BEIT 5 25040 i & P
DNA TikBHE, HSPAUMMENFETRE " 2, 25
B IR 2H 235k B 9 RE I B A i A 3 G R R SR AR, S B
Ol X LA

B 0 A T W5 R S T A R S T SOUBURH 1 B2 TR
Wi, JCHEPEE R, —BER IR AT
B S L WL B LR AR A AR ML DA R T3
A3 K 2B E T B O O E A AN T R, TERE AL
SRR pi S RV S iU bIE Y RIS TSP S S € )
PEAZ 2205 G P 8508 kAR A sh A B py g # b oK 2R L7
2. *°Co LUK X S R SR 5T Ak O I e SRR g A, HL
TG FE P R & TR Oy SRR FE B PR S R Bt
— U200 R g ST ) B JERA A AR R S B o A AU i S B B
JRAR A (R o5, TSR A R TP R ATl B Bk, Lk e
Btk R S BUR M B R0 40, RIS B R4k B ik A5 4
P EARTBORHIE . 45T H AT IWTE T B0, IR SIS R A 2P i
S THE A% 2R S 2RO T SD K BT SRS A S U T A R
PeBI R R 2T DI B SR B JoR A, a5 U S5 e k2
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GULAS RAERNL. IR T A CHE R (p53. Bax. Bcl-2)
AR, 3 HRAS R 453 05 R P TRURT P8 B A5 £ s P 2 £ e £
NN, YR IULEILE],  UYON B S 4R B SUUH 1
BEIRAR AT IR T 67 B e B A mT S R sh i

1 ##EF155E Materials and methods

1.1 &3 FENLX FRSISea, 2H 18] LR B R 37 20
1.2 BFE Ask,E SEEGT 2022 42 6 H & 2023 4E 1 H AELER
i X A 5 Bt B 40 S B ot 52 o

1.3 ##t

1.3.1 SZIGENY) SPF ZikfEME SD KR 69 H, 1A 250-300¢g,
W T L TR A HEAR R G R A, SIVFATHES: SCXK
(3L )2020-0001, 7F bk X B B B s S RHA 9% . A itk
VRN (2242) °C, JRFE (50£5)%, BERE 12 h #EATFFRAT,
TR BIST B S R G, AR R Ak K, 5K
UG SR 1 e T B, TSR, SR RAdk
TR X SR B A S B AR BE R L 2 b, itiE SR 2018024
T SKEERRIEAE T E PR R iR s OCTEhie S
HEFIEE R LR .

132 SIG IR R AC s TP FAL RO A E R TR
Bl B A 7], P53 Fiifk. Bax Hiik. Bel-2 filk. A=
Actin(Abcam A #] ), HRP- 1] 2¢ 3T % / /) §R (Servicebio 2
Al ), TUNEL A& (P IRAF ), JrAR - FHejusest.
Masson 44 &% | IR ERBEIR T o (tumor necrosis factor-a,
TNF-a). [ 401 4~ % 6(interleukin 6, IL-6) Fif I 40 925 3% 71 &
(Servicebio A F] ). RIAFEHOHL (N R ), EHBFE
i (Hitachi A #] ), BEARAX (Thermo 24\ ), D% 2.5 (Nikon
AT ), BIEYOEEMEL (Nikon A ).

14 Fik

1.4.1 SEIRENW o A ST SR BENL S =R 69 W
SD KEBENL A 4 4, 435124 30 Gy, 45 Gy, 60 Gy B 4k
4 (n=21) 2 0 Gy Xt HE 4 ( fa Rt HE4H, n=6). il % *P-B I
SPARITES (2 emx2 em), RS RTOR SR RSS9 1% 13 B2 L 224
T (4 mU/kg), B MBS Z, FhRHEEEE TR
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ST BB Bk 2 emx2 em 7 TE XA, MR = 43 5 30 Gy,
45 Gy DL K 60 Gy, H&HFSEHIRIZE FiasE, BAlkokEE. Xt
R ZH R AN R A A0 A 3 5 5 HRUR 2L AR )

TP-B STLLBUR MR I R B IR IR B ISR AR T A9 AR 2 fB1RE

BRSFRZR 7P SR BRSO B R, AR Y T S A5 A5

;AP WL K TR 69T 250 BT SRty S s s A

RREIREMELEE AW TR BN 2R X IR sl T2 DL v I 2l %

BIRETIARE ST R AR DR, AR A D9 BL 1D 5 L AT B S i

ER SRR, A AN B BLAAZ S MU AR I U A% 3R P i
B R I BB 2R B £ BT B SRR R A B, HOX BT Ry
S A BN R S 1 IR DI NE AR G AR O AE T, BN 2%
B B, MR, [FIRLER P R S A 5, SRR
BT

HRIRREFE SD KR IL TRAEEMBARM 4 A PR A = R4
HERBEAR B4 2P-p ARS8 (2 cmx2 em), SREIBONIRST, Btkmt
W25 30, 45, 60 Gy

BREEESA Y AGEEE
%

Y ER 4 69 1 SD KRKIHL A 4 41, 30 Gy, 45 Gy, 60 Gy B H£:4 (n=21)
7k SRR (n=6)

SERERRINITMNIE TFAKS — fF Y. Masson Yefh, FE4T A%, TUNEL . Bcl-2.
¥R Bax J¢ P53 25 (1A KPR UM M B AR 5 AR L2 15 1 2

EARESRIMER KRR i KRR R R G THI XA W0 45 R K R B2 Ik 61 T 7 5 B )

Eitoo Tl &g, JRAHKS — BHL g, Masson Hu (o0 52 61 T 58 2 4
AFs ELISA R M i (A 4i M A 2R 6. MRSRAEIR F a /KF: i@
FL 5 U Z2 4T T 2 45 B TUNEL S 0 40 F ol T2 R s e 2
1k, J% Western Blot ] P53, Bax }% Bcl-2 ik /K1

RBERSHUE S0 R ALTRRR X B B a4 9250 A8 B 2% 53 2tttk

1.4.2 W RMAEWE  BRGEXC RS TR L, FRIA
B, ICFKBRI4IRA. G BB AR a6 .
B O EE SN, tHE A& A ] AR
I G 2% (%)=( A RS T AR - R EA eI AR )/ H a6
PR T A . A T S b v B T 2 o T AR < B T T AR 5%
AT > 95% NE @A .

1.4.3 JRRKS - e gets BUEEHE 7, 15, 30, 45, 60 K,
TCTR 26 F N RAR & AN TR] B 2H 3 3 K BRI ) 9 2 Mk 4H 41
(0.5 cmx0.5 cm), HIEE[E E, AEEEE. U1 Bk 2K,
WUGHEAT ARG Yt BRJE LFERL K. gt RIKN
CBREBRY it ZHIREEY, AR SRS,
EUE KT

1.44 Masson Jutf,  HY 1.4.3 A& F ] BR A ) 7, BN
Masson A I . W KR\ Masson B i 2 Masson
C W ZE LR A 4« Masson D Y54, Masson E S 4L,
FEII T E B Masson F s, 1% UKEERRIELE /346, K4
EEMaK, AR R, RS, BMGCRE ST

1.4.5 ELISA & % 4% JEK 70 & U W9 5 A6 00 oK BRI 375
IL-6. TNF-a 7K.

1.46 HBWEE HRYJEEE 30 K, HUSZH K2 4% % —
Bl , 1% SRR WA 2 . EIMIK: BRIE QBEK,

WERYERL, BEAH; KRS IE NI G 37 ClEHMTE IR
Rh, HETIRVLYIA, 2% BERE —2.6% MIEIREA R gL o,
FRTEREH, FHHETRME TS, REERBGII.
1.4.7 TUNEL 52836 W 1.4.3 th AN &R BOA IE) A, TUNEL
EAG WU 6] THT RS £T 4 40 B R0 I P B2 4 M R TR . R
PR i HE TUNEL SR & 7 VR A TR I . S e T WL 5% B JEk 4
NI T

148 fGpEHgUbs: RIS S48 7, 15, 30, 45, 60 K
FEJRFE A P53, Bax, Bel-2 LRk 1E . HL 1.4.3 &RV,
WU Y) i 2K $IEAE SR TR 5 $ 3% XK B
BELT P 5P Tk SR A e s 70 4 A BT P T i 3%BSA $515) 7 55 41
41, =iEE A 30 ming RV _LRIN PBS 4% — i Hh i C 4T 1
—#7 (P53, Bax. Bcl-2, LLfil¥hy 1 : 500), 4 CEE LK.
WS —PuHNF R A S AN, EEPFE 50 min;
DAB B (A ., AR TR AR ], HoRK& R,
TIACKE A%, BKE R BT as B sk, W
P HNOG A .

1.4.9 Western Blot FfUft /526 30 K, HUS 4R R A A
2R, IR BT EE, 4 °C, 12 000 r/min 2.0 )5 Y
i, BCA AWM & EE AIRE, WRIEMNED > 7 E
B 8 MR AR R B 5%, HLIK 5 %% PVDF i, 4 Cid B4k LA
THifk PS3(1 : 1000), Bax(1 : 2000), Bcl-2(1 : 2 000),
Actin(1 : 2000), [B[Y—47T, FI IxTBST PEifkAFE s 3k, =
BTSN Pt — i F 30 min, A 1IxTBST #iik 3 1K,
WAL 5 R G ECL T ML R 1 46, Image ) HEAT E &0 HT .
1.5 &R OKBRAETE: @K BB O K40
. BRI AR ] LB R @F AN - A A,
Masson 4 2 W %% 6] T 3 2% 20 s @ ELISA Rl ifi i 1L-6.
TNF-a 7KF; ©)iF 5 B3 00 8240 B T2 T 45 & TUNEL yE A 1
4R 4RI TR © %R 414k & Western Blot £l P53 .
Bax A% Bcl-2 FKik/KF.

1.6 %itZF A7 K H SPSS 17.0 & GraphPad Prism 8.0.2 41}
A o THE TR DA Xxts R, 2 41 IR LR F B R R 5 2290 # s
P LR t f0k, P<0.05 NERA R ZMHE Y., &
Guit g7k gl i AL AR X R R Bt AE M Fe it R KA .

2 Z58 Results

21 FRFHMBEFSH HEEL69 H SD KR, BEHLS N 30 Gy,
45 Gy. 60 Gy B T2k (n=21) S XfREZA (n=6), &REfE, 30,
45 F1 60 Gy B £k 2H 7y T S )F 56 7, 15, 30, 45, 60 K
FH 3 RO RIS R SO s i oL, fdih 6 KR
AW E BSR4 R, SRR R R EAMET, BT KR
BIENGE R Hr .

22 RRFHE B HLE T SD KAARREHH % 30 Gy. 45 Gy
DA% 60 Gy B S 4R S R i e, S 2H R BRI B UK IR,
R BRI INES, SHEHLRT¥ER. 508
AL, 60 Gy S 7E RS 5 2 30 RAKF =G T FFE (P <
0.05), ZJa&¥iksE, WE 1.
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23 REFZ B AL SD KR AR AA 0 H] B A& 49%
) REREAFEFIE B LIRS G, 50 I [FFLRE 1 5 ik
i, ULE 2.

MR G55 7 K, 25 2H K BRR SR 30 359 o B0 12k . 5
45, 60 Gy B HT LR TF IR I /D | I PELLBE. RS 28 15
K, 30 Gy B B4 B E ORI BE, 45, 60 Gy B HF £k
RO R R B, IR EE AR BE, A5, BlEYR.
FE 5T 55 30 K, 30 Gy B HHER4LH IS M AR ar BE, Bl
S590; 45 Gy B ST ZRZH RS T R Sk g iimh &, B AN B
60 Gy B S LR AL IR ST Y B2 k&5 in R . mlsy, A IS B
MRS 5 28 45 K, 45 Gy B S ZR2H I K2 i 7%, 60 Gy B I £k
YLD m R T, BT AR, IR T g E) 30 Gy
B SR 2 ZH i Kz i V& B T R AR B . RS JS 5 50 R, 45 Gy B
S LR 2H T WK BR A b R B AT, 60 Gy B A 2R AT
UL B VR . BB BTG S 60 K, 45 Gy B &2k 4k LA
HERRE, £WNEBREK; 60 Gy B HFLLHKRAEIIE X
oy BRI s, HATH Nz R IR A . &K R A
TERMAEEERNFL 2.
#1 | SEARYADASHELE

Table 1 | Comparison of wound healing time of rats

(xts, n=6, d)

215 eyl

30 Gy B 4T £k4H 43.0+2.27

45 Gy B 42k 58.3+2.12°

60 Gy B T £kZH 85.0+3.88"

FiE: 530Gy B AL, *P<0.05; L5 45Gy B GTLRIELEL, *P<0.05
F2 | BEARUEREERLR (xts, n=6, %)
Table 2 | Comparison of wound healing rate of rats

28531 30d 45d 60d

30 Gy B 4 k4l 68.8+1.49 99.5+4.55 100

45 Gy B 412kl 31.45£3.48° 55.9943.60° 95.24+1.94°
60 Gy B 4441 18.22+4.90° 35.90+4.06™ 63.98+1.13"

Fvt: 5306y B AALLILE:, *P<0.05; 5 45 Gy B STERALLLE:, "P<0.05

2.4 ANy - L &40 Masson & & ILIR B 4 &t K UL
JRIB R IR L F AR JRAK — FH LG4 (R Masson L 45 1
R R HRAL K R SRR R JZ A R HE BB I, R Ik B 2% 2
5. HiE 15d, 30 Gy B GFZRALR 4N, B2 57
MR, T LBISRTEANAR, PR D, JE B D g8 e A
iR 45 Gy PA K 60 Gy B 5t 220 R B w] W/ IR B 2R
REBRBEREIUR, B NI R A4 KM g, B, HE
AL, FHANABCE RAEA MR IE . B9/ 30d, 30 Gy B
SR NIRIREFYER K, IR LT 4EWT e, W1, 31 3KHL
45 Gy B HTER AL T WL bR A PR PEIR A, J R R IR R AT 4 W Y
RVEANNRE; 60 Gy B AT LR B 2 K E MR, AT 44l
AR, KELVEYIRIZE. Y5 45d, 30 Gy B 5241
GBS AN, B e R, R AT R AR
B, VNS 45 Gy B ST A2 W R B e A A b AR
K bR R m AT L €T, IRIEA4EFE . HEIRE R
NEHZUK AR 60 Gy B YT £R2H ny L/ iR A 4 3 A
FRE R WO E R AIRE . B S 60 d, 45 Gy B A2k

2176 | PEHERTIEWR | 5528% | 55145 | 2024F58

HAREF A LR ERO, BRIRAHIEEHE, H5Hs
60 Gy B BT LR B i ZaE ar i D BIE, R IES M
HEER. ILE 3, 4.

2.5 ELISA &AM &40 K R i IL-6. TNF-a K-F 15 30 Gy
B HHLR4L LA, 45, 60 Gy B I ZR4L LI IL-6. TNF-a /K &
FTFE (P<0.05); 545Gy B Sk 41LL#, 60 Gy B hF k4
IL-6. TNF-o 7K 5 & FF 15 (P <0.05), NL5% 3.

#3 | BEE30dBERRMBEAMMNZ 6(L6), MBEHFIEETF
aTNF-a) 7K P EEES (xts, n=6)

Table 3 | Comparison of serum interleukin-6 and tumor necrosis factor-o
levels in rats 30 days after irradiation

Eizti 30 Gy B £k 45 Gy B G2kl 60 Gy B £k
IL-6(pg/mL) 21.74+1.29 32.23+2.42° 41.50+3.54"
TNF-a(pg/mL) 164.39+12.29 244.52+9.56° 330.68+9.32%

ik 530Gy BILALELE, *P<0.05; 545Gy B UL AlLLE, *P<0.05

2.6 FHH IR BH A K RA AR OB HF L BT
J530d, S5xFARZHAHEL, 30 Gy B 44k 2H A L 4T 4 4 i Y
FHI B3N, By ok, ML e, LRk
e W EUR: 45 Gy B A 24 AT 4E4n s N /B
LRI, SEASEFEAR, MNP Tk, AHRRIBRIE %, AT
W JE AR Y36 A2, AT WL/ i B WA AR5 60 Gy B T4k
HEREEAT R, RN WD Bk, 2T,
P P e K B, B N E R ST, 4 i T o 3
A% [ 46 I 3, AHARAZ R T, BT LK & VA B AR 254 . WL 5.
2.7 TUNEL k¥l —F2 4 MBYHE 15d, #4850
REAMRIET, EERNRIEM IR R AT A, e
BE 25, WS 30d, ST L, EE AR
Y20 M I A B4, 60 Gy J% 45 Gy B S 2k2H AR IA i,
60 Gy B S Ze A A T4l B = T 45 Gy B B ZR4H (P < 0.05),
45 Gy B HFZR4 T 30 Gy B T 24k4 (P < 0.05); MBS )5 45 d,
FHPE T MR R EES, 30 Gy Af WA R T-40/fd, 60 Gy
B A LR AL YH T4t B = AT = T 45 Gy B 44 4H (P < 0.05). ILEI 6.
2.8 SR E AW P53, Bax A Bel-2 & @ & GAKF MRS
JEHE 15 K, 3 KRR LH P53 K Bax & [ R IAY 2
FHYE, 60 Gy K& 45 Gy B #£k4H P53, Bax & [ IR IL K F
T 30Gy B T4k MGEH 30 K, SHRIALEHKES,
60 Gy J% 45 Gy B 4 LR 2H K BRIk ZH 27 P53, Bax B FIIRIA
KFiEIEAE, H 60 Gy B Bk 41w T 45 Gy B #f£k4H (P < 0.05),
45 Gy B S 4i4H =T 30 Gy B ¥ 4k4H (P < 0.05), HEST )5 27 45 K,
60 Gy B 4 £k 4H P53, Bax & H R IA) £ =K1, 30 Gy
% 45 Gy B 2840 P53, Bax & 1A 559 (P < 0.05).
WG 15 K, 3 4UKR IR 4 Bel-2 B A Rk 1 2
P, MRS 30 K, K4l Bcl-2 FikM R TREES, 60 Gy &
45 Gy B SR ZH K B 2 27 Bel-2 25 A R IA K TR IR I A1
H. 60 Gy B 4 4H 5 #IK T 30 Gy J¢ 45 Gy B I 2k 4H (P < 0.05),
WE 7; BUREES 45 K, 60 Gy B 544 Bel-2 8 1 R IAA)
EIAKKF, 30 Gy & 45 Gy B £k 4H P53, Bax &R HRIAL
4 (P < 0.05),
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500 - WA

—- 30 Gy B H£4L
—+ 45 Gy B ff£k4l
-+ 60 Gy B H k4l

| B | A-D RN 0,
30, 45, 60 Gy B 4 £k M 4t 5
30 d KB BB A 13 100

El5 | BRENRFETIE B 5
LXK R BRI 545 (x2 500)

Figure 5 | Electron microscope

observation of skin injury

517 (d) mduced by different doses of

BE: IO A 40K BRI E 2 BT, Al sg™ i (495 30 K ),
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