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[ Abstract]  Exposure to ionizing radiation (IR) result in adverse health effects to individuals and overall public
health. Establishing animal models to explore the mechanism of radiation damage is essential to develop and evaluate
radiation countermeasures. The efficacy of protective drugs in humans overexposed to IR cannot be evaluated in clinical
trials, and animal models that are consistent with human responses to IR and radiation countermeasures should be
established. This article provides a brief review of the establishment and applications of animal models for IR research
followed by introducing radiation-induced health damage.
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Table 1 Animal model of acute radiation sickness (acute radiation syndrome )

Y BRI BRI £ BRI 5,
Animals Model characteristics Advantages of the model Model limitations
RGO SR PN ER R S ON
R ZHBAER,
V= LAY LJJ%;J:‘ Gl %ﬂ H
PP IR ekl R 6 TS
M i 2k SRR E R E A \Hﬁﬁﬂﬂ%\ mARER H fﬁﬁ?lﬁ];ﬁ%’ﬁ Mii)”u/l\ﬁi’éﬁﬁ‘éjjé
I e W bR R B AR ALY AT B THAE S ; .
(KRB /N . . . . Organ structure and physiology differs from
Extensively used animal model for H-  Short gestation period;
Rodents humans lack prodromal syndrome,

(mouse and rat)

Guinea pig

k4
Rabbit

et

Ferret

INEVRE
Swine
( Minipig)

PN

Canine

FEARKE
NHP

ARS, GI-ARS, lung injury, enterocyte
depletion and bacterial translocation

B AR PR 5 NZEARL 35 T
7B SRR S 45 (i

Skin physiologically similar to humans
suitable model for cutaneous
radiation injury

g b5 N AR LE I T 0T 4 4
SRR ;

VST 1A e S 408 0 T S AR
Immunologically similar to humans and
suitable model for antibody development
considered resistant to radiation;
Outstanding model for radiation-induced
lung injury studies

T AR ARSI 52 i o (AR

Best model for prodromal phase study

T R VS BT ;

B A PR Ri 5 AR, 6 T
FE AR B i 1Y B IR A

Suitable for studies using parameters of
vomiting and diarrhea;

Skin physiologically similar to humans
Suitable for studying skin effects of
radiation exposure

T T AR 28 B S 2 P T AN [R]
7R B AN R F HE SR 1Y) H-ARS BIFFY 5
T T LA v S 28 g ) W R E 4 0
BT SR S AR
Suitable for H-ARS studies
different radiation quality, dose rate,
and partial body irradiation;

Suitable for GI injury studies where

using

vomiting is used as an endpoint;
Model for radiation inhalation studies

H-ARS GI-ARS 138 % %017 ) 5 i
A s

R 70 B RO 2R T 5 R A H-
ARS J IV IS0 S8 4

AT LA ST SRy A I AR

5 NG 5 BT AL B AR ]
Well-characterized model for the H-
ARS, GI-ARS, and delayed effects;
Large database on H-ARS response to
radiation dose rate and quality;

Used for partial body irradiation model;
Use of medical management similar to
use for human treatment post-exposure

Convenient housing;
Economical ;

Large number of strains;
Easy to handle

IR

Yo 5 14 o P

Short gestation period ;

Fast reaction time to radiation

ZHZLEY CT IR B 3t 9% AR B ]

(CIETT
TR, 75 5 A

Imaging of lung tissue by CT and MRI
is more feasible and reliable;
Docile,  non-aggressive  and

to handle

easy

& A KA T FY

Suitable for emesis study

H-ARS (149 3 A4 3 2% 15 A 25 1Y) S
AL

SRR IE S NZEA, B IRk 5 A2
AT et

Pathophysiology of H-ARS similar to
human response;
Body thickness
comparable skin effects

similar to human,

LR IRV IPN I €T VLR (R X Vi SPN
ik byl el

Large database and well-characterized
large animal model for radiation injury

LR BN R W DS R
HAT I

A LA SR 5
T i 38 RE IR (K kRS )
Wt

Tedir N2k

Organ structure, genetic homology,
metabolism similar to humans;

Long life span;

Easy sequential sampling;

Suitable for GI symptoms ( vomiting and
diarrhea)

As close as possible to humans

Accelerated life span;
Small body weight,
limited ;

sequential sampling

Genetic  homology, unable to simulate
individual differences well in humans

Y IS ;

I FH T 8 S5 40 B i A R
Accelerated life span;

Limited data available for radiation injury

Hlln AR

Limited data available

G BN P A 3R 1 Ak 4 T
It H A T8 B 2 A R

Prone to post-antibiotic bacteria, Gl stasis
or ileus

H B L A IR A B

X e SR T R T 5
Limited data for GI syndrome,
Less prone to vomiting
and ferret

than canine

ST 5 R P i 5 HE 25 SR Y AL 5
NHPS s A\ BA7 1M

Mechanisms of radiation-induced vomiting
or delayed gastric emptying do not correlate
with NHPs or humans

TE B ]

AR ;

FIHMIK

B MR RIS R 55 A 15
ZEAE AU MK

Ethical consideration;

Risks associated with handling;

Longer breeding period;

Increased costs associated with housing,
feeding, and animal acquisition;

VHirsute nature
studies difficult

makes cutaneous

T ARS : RUPE U s H-ARS - B8 S UM AR s GL-ARS i 1 2 Pk T
Note. ARS. Acute radiation syndrome. H-ARS. Hematopoietic subsyndrome of ARS. GI-ARS. Gastrointestinal subsyndrome of ARS.
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LA, DRI Ay I 240 e 0 #E 200 i A 7 T 1R B AR Ak mT
REFC MR Z5 R — 2", Shi e 32 2K v e
S RN [+ N i) 5 SRR L % 25 45 9 0 2 S
TRTT SRR 00T BE 255 i 3] 3h ) A4 7 SRR S R AR
FEEE) AR

4 TREHRG I WEBIR M A

G I P R TR %o ) P 4 S 47 1 o B A B AL
il S Bl P R e (AT 5% B P Al R E I IR Ak
MITEZE R 22—, /N B S48 473 A5 750 2 4% o 25 7R
UM RSB I PR T F 9% 1) SR S AR (A Y ) R Rl
ARG B 58 T ) Iz i KBS 3h
N RS YRR AL G S B 05 R e i B L AR
Y YN IR PR B T OCEER, AT
I28 NHPs 7E 48 55 450 0 K5 5 B 47 500 o & b i)
N
4.1 #HHEFR

FETA] B 1 6 28 2 MR TBURHR (H-ARS) B AL B
WREAEF - R R, 7E 6 MV 2otk findi 2% ih 52
7.20 ~ 8.90 Gy ) X £& R4}, 5 iR~ 0.80 Gy/
min, W5¢ 60 d, FELSOWNESEIRE BITE 60 d
FRAE T 23 5 B L4 28 o5 A 4 38 1l AH DG 288 i il
B JBRYL K HE He RARE vh oR 20 e i | R TS
(7 R | BB T 10 - 359 A A 1 ) R 21 205 B 2
45 51 RS2 B 3% 1LD30/60 A 7. 06 Gy, LD50/60
4 7.52 Gy,LD70/60 N 7.99 Gy |

A 2R WL AR5 43 oo 711 dek JIR S Y] A A 75
(‘partial-body irradiation, PBI) (&£ 8 5% 5k 2. 5% &
B ) AT R R TR 0 i TR T3 S s R A Ak BRI T TN
AT 10 Gy 512 Gy BRI (158 2. 5% 5 86)
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Table 2 Evaluation indexes of radiation damage models

FRHR A B R
Types of radiation
injury models

PR bR

Evaluation indicators

T I R GER A
Hematopoietic system
injury model

SRR LR
Gastrointestinal
injury model

453 4752 7

Pulmonary injury model

B IRAR i
Skin injury model

Egitt e

Renal injury model

/N LD30/30, KB : LD50/45-60 5 448 WA : B W01 12 Sk O A g 280, A0 3 90 SR A ki, 488 13 4 52 3 1
WLZELE i« RGN B e 200 3, 3 1 200 P QA M R 7328 (A X ORI 43 ) 5 36 il 20 R 4R 7 T IR O 5 3 1l 400
JH RS A T AR T (3 I A0 M D RE I E bt ) o

Mouse: LD50/30, large animals: LD50/45-60; Continuous observation: continuous lymphocyte counts at the beginning of
exposure, including recording of recovery time, inflection point of injury recovery; Observational endpoints: cell counts in
single femur, flow cytometric typing of hematopoietic cells (absolute and percentage ) ; Hematopoietic cell colony forming
ability; Hematopoietic cell transplantation reconstruction capacity ( gold standard for hematopoietic stem cell function
assay ) .

ANELLDS0/105 RRAER - MRik I 5 B s S 78 0 2 R D BRI A2 AR MUAE IR 1] (/Mg 23,5 ds 450 :5.5 d5 110 d)
R 1 14 P A s 1) i (B s T 20 5 o) 5 ¥ M S5 D RE N 52 . 9 Mo B o3 R S A TR A Il
1R FR AR,

Mouse: LD50/10; Prodromal symptoms: vomiting, diarrhea; Crypt colony assay and functional assay; Number of
regenerating crypts in the intestine ( gold standard for crypt stem cell assay) was determined at defined times ( small
intestine; 3.5 d; colon: 5.5 d; stomach: 10 d) ; Functional assays for gastrointestinal injury: gastrointestinal motility and
permeability, bacterial translocation into the bloodstream and plasma citrulline levels.

A AFZERIAAE I ] 5 00 T B 5 9 A2 A A P40« s 58 ) 5 50, IO R T/ e, 5 W A i 4 A 9, B MM 5 2
TR SR 24 HE Y468 Masson Jeff,, FRMH MR 2 it ; SR MR S A I 3R

Survival rate and survival time; Respiratory function; Pathologic changes acute stage: interstitial pneumonia changes,
respiratory edema, macrophage inflammatory infiltrate, epithelial cell loss; late stage: interstitial fibrosis, HE staining,
Masson staining, hydroxyproline content ; Inflammatory cell and cytokine expression.

B R R - 2UBE T BB R . W R AL N AR AL s R SEREME  R A AT IRE 5 AP A0 K] F
PRLTAEALAN ML R T 5 AL A R AE I TR

Acute phase of skin damage: erythema, dryness, moist flaking and ulceration. Late stage: sclerosis and fibrosis; Skin
integrity,, inflammatory cell infiltration ; Inflammatory cytokines ; Pro-fibrotic cytokines;Survival and survival time.

ALV B AN HE Je (0, FORPRELHL (A, TUNEL B (0 (PR 0300 S 45 ) 5 MURFR &G IR B A T3k R ek
PR R 3 A DG DR B A ARG

Histopathological testing: HE staining, Sirius scarlet staining, TUNEL staining ( Gold standard for kidney injury
evaluation) ; Blood urea nitrogen ; Urine protein ; Apoptosis gene, inflammatory factor gene, aging-related gene and protein
detection.

e YR A g R TS R Y AR AT I A A )
5%, RIS I R 2 v IR | IV 3R T 256 PR R
Z PP R R AR K - S E A OG, TRE R K F 8 5
NGRS IR EA A 208 3 )R, T
23 1 ()R 1 B 4H A3 T, 2 I A PP TR 34 12 1 7 11 JB AR
YR (iR E A WIS TR iy J iR 0

T EZ 2 6.5 Gy (FIi % 0. 6 Gy/min)® Co-
v-HTER IR, 60 d J5 AT A s S 2F AT, 25 R
NIL3 SRS B EREZRG 5% S EbB 7
ST O RE T ARG S 1SS W
B-catenin {5 5% R FRAE /ML SA% FA4E N 1Y JLFH
WRFETHE , 552 B AR AR SR

TEIA RS2 9.8 Gy 88 10.7 Gy A4y X £k 1R
S F 600 Gy/min) , BTG A [ i ) 25 (&
270 d) UHIALTE 4T miRNome 2007, & FLELAT 26
Pl miRNA 75T B[] o5 0 7s Hh FR EAR E AR fh , H
Hr16 FOT A, 10 Fl B 3E— 25 50 & B miRNA
AT RBAE R T 42 6 HE G 5 R A A7 6 R B0 K E 1Y

WEAR R A B T 12 Gy & B IR
(% Co-y HIER) R4 B (PRI 5% -8 , i 25 1R
SR B4 VO Ao ] A AR TR SR 5 50T M A 40 40 AR
U0 It FLEAT I 240 85 Si 241 0 W, L 48 19 7l B
SFPRR AU T 2H 2 2 2 AR 1) S [6) R AR bR AR K
PR LR,

TIF 2 X6 2k A A SR P 22 2% B 0405 Y 25 0 7
LA ST AR R Y 2 A A I N 28 %o e O S R T
BRI o RO B 0005 AR & M0 1 06 R R AiE
L 10 Gy 35 11 Gy 4 5 B (f5 8836r8
W) 5 2k E 0, SRR S B e
10 ~ 11 Gy Z[MF 5/ a0 o6, 76 UGS iRl
50 d HBL AR 0, vT REAE 1R P B 05 & A 2 i
2R, e M B 34 B IR IS 180 d A & i fin
PSR W24 180 d, iX 2L A I 427 i
FEEIFAN BB T VR 3545 , e 5 5 R 4E
IR A e W B ok, WFST A & BB G-CSF 1]
DA i B B TR0 100 3 1l R SE B 405, (E % I 00
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BRI 2 A M B SR T A
4.2 HYITH

BRI R C A 60 ZAER L, HHE
HIRERE H] T IR (0 25 Wy A 26l b, Bl 47 500 i F
TE/NSI S A R A i Bl | e AT itk
ARV, BT T 22 4 5 il 5 e 1 2
PERE MRG0 A A A M A K R (LGF) (AEA% )
= ( filgrastim, G-CSF ), % & = B¢ 4k #% w] =
( pegfilgrastim, G-CSF ) I V> 4% 5& T ( sargramostin,

PR FEARL Y, A A A R 259
it 2 A B OGE W AE T AR A B A gt
EALFIBKAR T (amiforstine ) , X S H 453 S 4746
R, (ELEA 35 @ 1 JH AN BE A D ML BT 40501, TR
A FHCAE R 3800 25 W As e 1 | MO8 4 2 A
(BRI FHAE 25 R0 T B LUE TAZ AR S L Sl H 5 i
PRATEA SRS B AL S AR 22 3l
ORI A RIS A8 24 ) it i i K S v
NHZGENARE, W Bio 3001 %5 i FH Ak i A 7Y

GM-CSF) , o filgrastim 38 %55 A WHO % 15 48 5

= 3 NHP $REHH G5 sh P AR 25 W0 oF o b i

Table 3  Application of nonhuman primate model for radiation induced injury in development of radiation countermeasures

PATRRSS DA LGP B P A5 R WL 3

AN 254 I AT TR A 2 A ERETIE S WEEL i3 B AR bR LR R E R €S
Agent Indication Irradiation Schedule Endpoint Radioprotective efficacy
TBLJA 1 d FFURE 25 (10 M T 60 d 238 T2 3 M
b/ (kg-d) ) , 15 K P 59. 19 (13/22) W1 2 (20
6 MV. LINAC. TBI. 3 2, MBI RN EEA R 60 d AR 8% (5/24) FFHE I 38.
750 G (L1350/6b;| XTFRC(ANC) > 1000 BET- A WCB L i MR 3% ; R IR 200 O T e 435 2
Y 252 HL:7. 50 Gy(LDS0760), ) Sk 3 g, AL BH, ] K 3
. . 515 %, 0.80 Gy/min .. - . .
Filgrastim Administered beginning 1~ Primary end point was Reduced 60 day overall
H-ARS 6 MV, LINAC, TBI, . . S
Neupogen day after TBI(10 pg/(kg survival to day 60; mortality from 59.1% ( 13/
51-52) dose: 7.50 Gy ( kD50/ — . . h
)t d)) continued daily secondary end points 22) to 29.1% (5/24),
60), dose rate; 0. 80 . . . . X
C/mi until the absolute  included hematologic-  survival rate increased by
Zy/ neutrophil count (ANC)  related parameters. 38.3%, decreased  the
was > 1,000 pL for 3 duration of neutropenia and
consecutive days. fever.
60 d AEAFAR XS IR 47.
8% (11/23) 2 = # 91.3%
(21/23);
B ) . » S 7 T M 20 R
£ = L o0 d appig  ho) T IERATRIC
F () 6 MV, LINAC, TBI, 7] 4 FET 3R AR I E‘J‘I‘EU'LE‘JF{VJ—(';E V{R%j
Pegfilgrastim 7.50 Gy (LD50/60), % TBIJE5 1 KFI%E 8 K, “EAHXSHL, I mlﬁ%ﬁmﬁ R
Neulasta(® ) H%.0.80 Gy/min 4525 (300 pg/kg) The primary, clinically ° .
N L . Increased 60 day survival to
pegylated H-ARS 6 MV LINAC, TBI, Administered on day 1 relevant end point was
N . 91.3% (21/23) from 47.8%
granulocyte dose: 7.50 Gy (LD50/  and 8 postirradiation(300  survival to day 60; .
X (11/23) in control;
colony- 60), dose rate: 0.80 pg/kg) secondary end  points .
. . . . . . decreased the median
stimulating Gy/min included hematologic- . .
A 3] duration of neutropenia and
factor %) related parameters. .
thrombocytopenia;;
promoting recovery
decreased the incidence of
Gram-negative bacteremia.
TBL 555 1 RIFIREZ, ANFE AT H-ARS | GI-ARS #f
RS FS (10 peke), KIIET R,
) TERFIEH 1 R4 3 10 Gy (PR A7 2.5% B i) 1
A ] 52138 KK eh 2y, HE S Neulasta ( PEG ) K
Filgrastim R AN IR & Neupogen ¥4 7T ¥ /> (5 41l ity
Neupogen Neulasta ( 300 pg/kg), FELE60d R EAR  J/b ™ 572 E H R4 5
G-CSF : TERBEIEHE 1.8 M 15 ZET R, WEL LMW BREL
- > B IR >y Bk el b RN AA . N .

W AR gf’gﬁlﬁ%;ﬁ ;?Zuﬁ KELHE 3,10 F1 17 K FHESE Did not affect mortality due to
52 B ST HTLIRAT, TR yah Primary, clinically  gastrointestinal acute
. . H-ARS #.0.80 Gy/min . . .
Pegfilgrastim " 5 Neupogen ( 10 pg/kg), relevant end point was radiation syndrome or mitigate

® GI-ARS TBI or PBI/BM2. 5, L . . . N
Neulasta(®) lose: 10.0 Gyv. 6 MV administered daily  survival to day 60; mortality due to hematopoietic
pegylated cose: 14 v .7 postexposure following its  secondary end points acute radiation  syndrome

dose rate; 0.80 Gy/min AP . . . .
granulocyte Initiation on day 1 or day included hematologic- ( plus gastrointestinal
colony- 3 until neutrophil  related parameters. damage ) .
stimulating recovery Neulasta ( 300 decreased the severity
factor 38 wg/kg) , administered on of neutropenia

days 1, 8, and 15 or
days 3, 10,

17 postexposure

and

the earlier administration of
Neulasta or Neupogen was
more effective in PBI/BM2.5.
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#g%k3
N 259 3 IV AE RS A1 WEITR pUE 22 =W E =gy LERRIEIRA € S
Agent Indication Irradiation Schedule Endpoint Radioprotective efficacy
AR e (IR R
HIET AR
U0/ v PR 48 R IS Bl
R ]
BB,
5.8 Gy fUFRY 75 me/kg 25
BT 37.5 mg/kg
v-GT3 treatment of irradiated
VA 25 A, “Coy 8 MAIH 24 b, 375,75 60dAfRR Aiflenee . anial s
%@}[54] £, ?HJUE: 5.8 Ml 6.5 mg/kg,}ﬂi}—‘(fﬂir 1K il A S A b at 60 days postirradiation ( low
Camma- H-ARS Gy, #%.0.6 Gy/min  GT3 37.5, 75 mg/kg, Survival at 60 days mortality was observed in
tocotrienol TBI, Co-y-radition, 24 h prior to imadiation,  postimadiation; irradiated vehicle-treated
(GT3) [54] dose: 5.8 and 6.5 Gy, administered hematologic-related groups) : ,

7 dose rate; 0.6 Gy/min subcutaneously parameters. duc d’ )
reduce group mean
neutropenia by 3-5 days and
thrombocytopenia by~ 1-5
days;
prevented thrombocytopenia;
75 mg/kg treatment was more
effective than 37. 5 mg/kg
treatment after a 5. 8 Gy
dose TBIL.

GRE AN oy R R READ B CD34+ 40 T AR Y
M3 70 e SR T I RE FEHIIREMRIZ , S HESMA 1 vh
Immunophenotype the  MkL 4H Jid 0o /N AR Pk 2
o SEIRAE O Coy $125.  TBI BT 24 h,37.5 me/ bone marrow ( BM ) VGT3 .accelerated the
yEF= A4 5.8 Gy Fl ke J¥ RISk lymphoid cell  recovery in CDSfl + cells,
S ;io 6 Gv/mi K Rg’ wed GT3 375 populations;  clonogenic  increased HSC function as
Gamma- ﬁgl :d(.)sec ior:lsn 8 Gy m;jigs( or vehicli 24.h ability of hematopoietic ~shown by improved recovery
tocotrienol (’OC’ '.d" o d ’ for to irradiation (4 G stem cells ( HSCs) was of CFU-granulocyte
(G13) %] 0y 1a110‘n, ose . prior fo wraciation Y assessed by  colony macrophages (CFU-GM) and
rate: 0.6 Gy/min and 5.8 Gy) , sc forming unit ( CFU )  burst-forming units erythroid
collecting bone marrow ( B-FUE ), and aided the
cell 2, 7, 14 and 30 recovery of circulating
post-irradiation. neutrophils and platelets.
R IR B W A K
I T AR D
GT3 1E45 7 Ri% S F s
FERG I, WG 0T 4 L A
RIS J5 77 0% R B, GT3
feth 4 A 7 R AR
S R g O S IE TR 4 K T
R ) K EFEAT TUNEL B 40
Rt s g g N T K55 KieG?
JH TUNEL I Ki-67 S5 i oy
R 4 B A, ©Co-y 4t TBL % 24 h.37.5 me/ iﬁ%;%ﬁ{%r%)]%% Irradiation induced significant
Zﬁ;%iﬁ? S, FIRE 12 Gy, R HHLUT A =R A Mg shortening of the villi and
= . g, W1k Proximal  jejunum  was ) e
Gamma- #.:0.6 Gy/min 24 h prior to 12 Gy TBI.  assessed for structural reduced mucosal surface area.
tocotrienol TBI,  *Co-y-radiation, 37. 5 mg/kg GT3, injuries and crypt survival GT3 induced ‘an increase in
(GT3) 1% dose: 12 Gy, dose rate: subcutaneously (sc) on day 4 and 7; orypt  depth at day 7,

0.6 Gy/min

Apoptotic cell death and

crypt  cell  proliferation
were assessed with
TUNEL and Ki-67
immunostaining.

suggesting that more stem
cells survived and proliferated
after irradiation. GT3 did not
influence crypt survival after
GT3
caused a significant decline
in TUNEL-positive cells at
both  day 4 and 7.

Importantly, GT3 induced a

irradiation. treatment

significant increase in Ki-67-
positive cells at day 7.
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&g%R3
W I A R A WIS pUE 22 =W E =gy T B P RCR
Agent Indication Irradiation Schedule Endpoint Radioprotective efficacy
ZIE 25~ 48 h 2R
FARZET 5
TIPS 1l A0 s B R
FEARR it /N A A0 e 48 i
WD B AR R S
5 MG, O Coy HHE2, i 1]
k6.5 ~ 6.75 Gy, 7| B B BE 40 AR 7RO
AT ;0.8 ~ 1.1 Gy/min ﬁfﬁﬂ‘fé%lﬁlﬂﬂ‘l‘ﬂ,ﬁﬁ‘i%ﬂ ﬁg o n
EAMATEY %%ﬁﬁ%‘,ﬁéﬁ%bﬂ‘u@%%, 40 pe/kg LTS 40 iq:z;z?fr » gﬁ%\%%ﬁ[{%ggﬂﬂmﬁt
Toll e = . 11 Gy, F) R, Single injection of 40 pg/ HHEE AL AR
th 5057] 0.8 + 0.025 Gy/min kg entolimod in the 40 d survival of lethally Reduced the risk of mortality
CBLES02 ARS TBI,  ®Co-y-radiation, quadriceps muscle, using irradiated NHPs; 2~3-fold;
Entolimod dose; 6.5 ~ 6.75 Gy, a dose volume of 0.2 Bone marrow and  accelerated morphological
. dose rate: 0.8 ~ 1.1 ml/kg, at 1, 4, 16, 25  gastrointestinal tract  recovery of hematopoietic and
toll like receptor . o .
s TLRSLST) Gy/min or 45% h after the end of injury. immune system organs,
’ 6 MV LINAC source, irradiation. decreased severity and
dose: 11 Gy, dose rate: duration of thrombocytopenia,,
0. 8+0. 025 Gy/min anemia and neutropenia;
increased clonogenic potential
of the bone marrow
reduced apoptosis and
accelerated crypt regeneration
in the gastrointestinal tract.
WSS 24 b, B2 T 4T,
4B WA, “Coy B Zh 25 K i 100 ng/kg, B R,
HAZE-12058) 2k, A 12 Gy, i 250 ng/kg 30 d AEAFR, O] 7 200 B i A
Interleukin- ARS #.0.6 Gy/min, TJCEST 2 HF I 2FFE bR Significantly increased
12 ; TBI,® Co source,6.7 Gy/ 100 ng/kg and 250 ng/ 30 d survival rate; percent of survival;
HemaMax™ [38 LD (50/30), dose rate; kg,sc, 24 h after TBI Hematology. decreased leukopenia  and
60 c¢Gy/minute unsupported thrombocytopenia.
rhesus monkey
JRSHE 24 ~25 b, 5 PEREATR,
W RS AR, T E A I SRR
50, 100, 250, or 500 BB A
B WG O Coy J1LE, ng/ke; 60 d %R, Increased percent of survival
F 4 2o1205) FlHE.7 Gy, FEF.0.6 TEIFCF ﬁ]ﬂl:fj]ﬁ'é, rate of irradiated
Lo Gy/min rHulL-12 at doses of 50,  J&¥¢ rthesus monkeys
interleukin- ™ [59] ARS TBI, ®Co source,dose;7 100, 250, or 500 ng/kg  Survival rates at Day 60;  reduced the incidences of
12HemaMax 7 Gy, dose rate; 0.60 ( groups 2~ 5, Hematopoiesis; severe neutropenia, severe
Gy/min respectively ) , sc, 24-25  Infection thrombocytopenia, and sepsis
h after TBI; (positive hemoculture) .
unsupported greater bone
rhesus monkey marrow regeneration
AR A AR AR R G-
CSF &Ll 18 d XL 47
B
e 0L 200 2
BADE 24,175 vk, (0 EES T W
& B WA, CCoy BT KRS et Survival at day 60 was
N [60] &7 Gy, M=, TEFIHE e A AL significantly  increased  for
M %E-12! 0.6 Gv/mi 175 e s 2% h Survival at day 60; Hull-12. i = wval
interleukin- ARS - Ly ng/ke, se, Hematology ; i » MCTEASES  SUTVIV

12HemaMax™ [60]

TBI, ®Co source, dose:7

Gy, dose rate; 0. 60

Gy/min

after TBI
Fluids, antibiotics, and
blood

not used

products  were

Bone marrow evaluation
Infection,  hemorrhage,
mucositis, and

gastrointestinal ulcers

compared with a regimen of
18  consecutive days  of
treatment with G-CSF
increased erythroid, myeloid,
and megakaryocyte
countspromoted  multilineage
hematopoietic recovery
decreased  frequencies  of
severe cytopenia
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#g%k3
N 259 3 IV AE RS A1 WEITR WERL i AR bR LERRIEIRA € S
Agent Indication Irradiation Schedule Endpoint Radioprotective efficacy

EJ:EISmg/kg,sc,,&,ﬂﬁ WE AR ~ 60dH
J5 24 = 2 h FFIREE,3 25) FEIC 25 % 90 d #UR
P25 07 %8 1) dI ~ S, HA T SR TE%K
d28;2) d1~d60;3) [A] 17 X 2 U5 A5 e 2 R S
A7 dl ~ d28 K& d60 R B A R

4 @ nh w3 Bt ~d88. R, The day 1-60 administration

AL, BERUE 180 d Z W BEYY  ZIJFMH CTH#; schedule increased survival

EN A7/ I 3 5 EIEAE IV ; tre:

e Wi B8 5t 10.74 Gy, 71 i:fd“ Jiti E 2AE L] frf)"m 25 to 50% ; treatment
1L e o daily subcutaneous  Survival rate; efficacy could be increased by
iR, 0.80 = 0.05 ... . L .
AEOL - . . injection at 5 mg/kg in  Postiradiation  monthly extending  the  treatment
fitififi  Gy/min .
10150 each of three schedules, CT scans; schedule to 90 days or longer
. Lung damage target dose:10.74 Gy , - . .

metalloporphyrin ) e 0.80 + 0.05 beginning 24 + 2 h The latency, incidence after WTLI. No survival

antioxidant , (GOS/B @ ?6 MV I;NA'C) postirradiation: 1) from  and severity of lung injury ~ improvement was noted in 2

superoxide y/ . ’ day 1 to day 28, 2)day 1  were assessed through other schedules

dismutase to day 60, 3) a divided clinical, radiographic and It did not affect incidence or

mimetic®-62] regimen from day 1 to day  histological parameters. severity — of  pneumonitis/

ESERN S S
B-190

Indralin

6.8 Gy 45 4T, il &=
59 0.228 -Gy/min

in the experimental 60Co
facility of model GUBE-
2000 (2000 Ci of 60Co
charge) ( Russia) at a

28 plus day 60 to day 88.
All  animals  received
medical management and
were followed for 180

days.

FRSTET 5 min LA 15T
administered
intramuscularly (im) to
monkeys in the thigh area
at doses of 40, 60, 80 or
120 mg/kg as a 2. 5%

solution 5 min before

50 mg/kg AL PR 7 G B

50 mg/kg, im and 100

L ARS lethal dose of 6.8 Gy ( the
adrenomimetic . .
[63] radiation dose causing
agent 100%  mortality  of
animals by 30 d after .
imadiation ie. LD100/ exposure to radiation.
30). a dose rate of 0.228
Gy/min
& S T AN
g L0-e H-ARS ay i
BIO 300, DEARE
a Nanosuspension mg/kg, po

of Genistein' "%

30 d AT LAY
30 d survival rate

hematopoietic injury

2N 1 2E AR 4 2
5
Pharmacokinetic and

Metabolomic Studies

fibrosis  as
histological
pleural effusion or pericardial

determined by
evaluation ,

effusion as determined by CT
scans.

PR 30 d A FF 3 ,60.,80 or
120 mg/kg A R AR ;
FELIBITIES L 56 5403 403 1 208
Promoted survival of
irradiated monkeys;
Inhibition the development of
the haematopoietic syndrome
of ARS (Days 9 ~ 20 after

exposure ) .

200 mg/kg 1 BIO 300 Ik
MTE NHP HUR 24

A single dose of up to 200
mg/kg of BIO 300 Oral
Powder is safe in NHPs and
conferred no metabolomic-

mediated safety features.

TE: ARS : UV UM ; H-ARS ;B BT 2O ; GI-ARS : A B A MU s DEARE ; 2 M AR ST 2 88 B AE IR AL ; LINAC ; ELZR MRN8

Note. ARS. Acute radiation syndrome. H-ARS. Hematopoietic subsyndrome of ARS. GI-ARS. Gastrointestinal subsyndrome of ARS. DEARE. Delayed

effects of acute radiation exposure. LINAC. Linear accelerator.

5 REERE

F TR S By 47 700 T vk A i PR AT R, 4
SR sh PR R 58 B A BRI T,
PSR RLA G 2 — LI 583, DU AT & 4%
5 A S L 2 7 45 BB i L R e S0 A A 28 )
IR

INER R AT A S A A A 3 ML A B B 3
RIS TR SE 56 B, o Sk FR e A o
BT B R A B B s . AR b
FRAUNRZ BB 1 B0, ] 55 22 B 4 A 3 L

Lo Z2 TP TR MRS B T AR W b RS W i 1
B 25 Gt e S VE . AR/ NSRS SRR L a8
i SN R Bl P A TR ) O A B L A % 2 W 5 4 e i
IREEARRE S,

R T I R GE A I 2R SR S, X i A
Jii R Bk 2R A A A ORI e R S T
FTRABISE , B 2 4% T 22 GE R 54140 B A EL A
VAR 25 AR BT 5 3o S A7 3 00 i SR 3
JOL PR RIE 5 L% 75 47 5 i AR o7 — 2 (Y 5 T

DAFERSE 2 $0ET WHIR LET (R RE R 54 5% ) 48
SF Ay SR XA T N5 R TR ) A
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S CREBIE & LET S8 51) (W b ME e )
AOBIFSE R 1150, 3k AT ) 3 PR 3R s ] e S 45 475
BB frtsng

TERR S50 3 A B B AT ) R A 57 P Rk, o

S BESASIHA BAHTE  f
HERFE4H SR 0 0T TSP T 45 9 Yt B
SR
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