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Establishment of a SD Rat Model of Acute Radiation-induced Skin Reaction*
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ABSTRACT Objective: To establish a pre-clinical SD rat model of acute radiation-induced dermatitis. Methods: 28 male SD rats
were divided into 7 groups randomly, including control group, electron irradiation groups receiving 60 Gy x 1f, 45 Gy x 1for 30 Gy x
1f respectively, and X-ray irradiation groups receiving 45 Gy x 1f, 30 Gy x 1for 15 Gy x 1f respectively. Each group composed 4
rats. All animals were irradiated in shaved dorsal areas (3 cmX 3 cm). The cutaneous damage was assessed during 1-28 days after
irradiation using Douglas and Fowler scores. Meanwhile, the weight change and survival of rats were recorded. Irradiated skin tissues
were collected for H&E staining and IHC examinations (CD3, CD11c, CD68 and Type IV-collagen) to analyze the pathological change
of skin structure, infiltration of immune cells, as well as collagen deposition. Results: High mortality occurred in X-ray irradiation groups,
while no death in electron irradiation groups. Distinct degrees of radiation-induced dermatitis were observed in electron irradiation
groups. H&E staining showed necrosis in epidermis, inflammatory immune cells infiltration, loss of hair follicle and other skin adnexal,
especially in 60 Gy x 1fand 45Gy x 1f groups. IHC results suggested radiation promoted both infiltration of macrophages marked with
CD68 in dermis and collagen formation marked with type IV-collagen. Conclusion: Irradiating with 60 Gy and 45 Gy electron on SD rats
successfully established a practically pre-clinical animal model. The clinical and pathological features could be employed in future
research.
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Table 1 Douglas and Fowler scores of radiation dermatitis

Score Dermatitis performance
0 Normal
0.25 50/50 doubtful if there is any difference from normal
0.5 Very slight reddening
0.75 Definite but slight reddening
1 Severe reddening
1.25 Severe reddening with white scale, "papery" aspect of the skin
1.5 Moist breakdown in one very small area with scaly or crusty appearance
1.75 Moist desquamation in more than one small area
2 Moist desquamation of larger area : 25% of the irradiated area
2.25 Moist desquamation of larger area : 33% of the irradiated area
2.5 Moist desquamation of larger area : 50% of the irradiated area
2.75 Moist desquamation of larger area : 66% of the irradiated area
3 Moist desquamation of most of the irradiated area
3.25 Moist desquamation of most of the irradiated area with slight moist exudate
3.5 Moist desquamation of the irradiated area with moist exudates. Necrosis
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Table 2 The mortality of all rats
Groups Death Mortality Remarks
Electron ray 60Gy 0 0
Electron ray 45Gy 0 0
Electron ray 30Gy 0 0
X ray 45Gy 4 100% On the 6th, 7th, 9th, 11th day
X ray 30Gy 4 100% On the 6th, 12th, 14th, 18th day
X ray 15Gy | 559, On the 9th day.
No obvious performance occurred.
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Fig.1 The survival of X ray treated rats
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Fig.2 Weighs of all groups rats
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Table 3 Weighs statistical result of all electron ray treated animals

95%CI
(i)Radiation dose (j)Radiation dose i-j Standard error Sig
Upper limit Lower limit
0Gy 60Gy 13.05 14.682 389 -18.44 44.54
45Gy -15.23 14.682 317 -46.71 16.26
30Gy 0.68 14.682 .964 -30.81 32.16
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Fig.3 The skin reaction of electron ray treated rats on the 12th, 15th, 20th, 25th, 28th day
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Fig.4 The Douglas and Fowler scores of electron ray treated and control

group rats

AT IR T s 5 FERIE I 2k
Ve RIEH WLIFAAE , W PR X T 2R B2 R B TLR)s i

T AR b, R, B9 5 2l Sh s Tt oy R A=
B B A9 7 FBL .

X F RO B R SR ¢ 57 FESh PR m b [ ik
FHR BRIl /NG A A8 3 (0 P AR, fE KR
SN BRUBUR M e SRS ST Ty, SRS DX A O PR 78 1
YT R R A, B4 B, H5 ) Rl Ak B 4 s g
Je /b, A S35 FH A 8 1 JER AR Ay SRS X, Sy sk ] PRl 2 41
T AR, P X /N A 3% 3 em,

TERIT S AN I W 9T 3 2 e i — BT e AN A T3
H5, Doctrow SR AEMAEf F BRI i 30 Gy 1) X £k (B2 i 37
mm, 53R 0.68 Gy/min ) IR K FLAFHEEZ K. Jourdan MMI!4E
fFEFHHRT R 10-40 Gy (19 X 8 (FBZHEE 37 mm, FIE%K 0.68
Gy/min) FESR BT HB B BRI VERORL . Takikawa M P 45 H]
150kVX §F4% , Lyl 15,2030 Gy (FIE 3 1 Gy/min)#E K
FRAT AR i, Watanabe S S5 F BRI & 20 Gy 1Y 150
KV X L (PRI 35 em, )54 1 Gy/min)7EK B9 R ik |
BEATHESS . Holler V A5 FFALYCGH| 2y 8.5-45 Gy 1) Co60 5

R4 BFEEATYE TS FITER

Table 4 Skin scores statistical result of all electron ray treated animals

95%Cl
(1)Radiation dose (j)Radiation dose i Standard error Sig
Upper limit Lower limit
0Gy 60Gy -34 .051 .000 -45 -23
45Gy -39 .051 .000 -.50 -28
30Gy .88 .051 .000 77 .99
30Gy 60Gy -34 .051 .000 -45 -23
45Gy -39 .051 .000 -.50 -28
45Gy 60Gy .05 .051 352 -.06 .16

Note: Sig: Significance; CI: Confidence Interval.
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Fig.5 The HE stains of electron ray treated and control group rats' local

skin on the 28th day(40x )
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Fig.7 The CD11c IHC stains of electron ray treated and control group rats'
local skin on the 28th day(100% )

2&(1.5 Gy/min) FEGE/NFHBE K . Zhang S AFfd ] 6MeV Y
L2, AU 45 Gy Gl 7.5 Gy/min ) 76 K U B2 Ik
PR TE R R AR . Mei KTAEATT] Co60 SF2k FLyc] i
15.20.25 Gy 8 3% 10 Gy Y5757 :0AE SD R Bl 4 3k 25 7 il
BT . Okunieff P ARUHERIF 572 85 300 SUME AT B 2R
PRIV T (T A UGHIE 50 Gy ) 6000 Ci 137Cs JE S £k
TR iy ey AT R S 2 i B R A 7 5
PEATREAE, 22427 i, sl B 20 R IS S 0 00 SRR T T 250 ) LA
HNIET, X R K AL T At Pf, (HA 0K A A1 U ST A [7]
— IR AT LU RS . T IE T X A
B, X Gt R B F IR YT LR SRR,
B SBIE R AWFTE LRI, AT 6 MeV -F2k 5 6 MeV X
LRHEA TR BT R S U T B RS Y 7, SRSl 2 2k
HLPERIL R T X2, SR RIS SR Bl IR ZH R L 15
AR X g s I S VIR I A 405 , S BRI
PRE T, MY RS MOIR S 22 5 3R B, Ak T Hh R B8 T X

} S A - B
B 6 HyT /a5 28 REEFLk RS AR X HRERGTXIF K ix CD3 £
ZER(100% )

Fig.6 The CD3 THC stains of electron ray treated and control group rats'
local skin on the 28th day( 100x )
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Fig.8 The CD68 IHC stains of electron ray treated and control group rats'
local skin on the 28th day. (100x )(the left bottom figures are 400% )
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Fig.9 The Type- IV collagen IHC stains of electron ray treated and control
group rats' local skin on the 28th day
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