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Screen of Combination of Radioprotective Agents
SHAO Shuai TAN Hongding XIAO Chen-+ong HONG Qian HUO Chao
WANG Yu—guang LIANG Qian-de MA Zeng—<hun GAO Yue
Institute of Radiation Medicine Academy of Military Medical Sciences Beijing 100850 China

Abstract  Objective To screen the best combination of radioprotectors by pretreating and curing cobalt-60
gamma irradiated mice with combined. Methods Synthetic compounds ( E0703 523) were used as preventive a—
gents cytokine ( thG-CSF rhlIL.d1) was used to cure early acute radiation damage and tradiational Chinese med—
icine formulas ( new si-wu capsules ci-bai capsules) were used to reverse late radiation damage. Ninety mice were
irradiated at a dose of 7.5 Gy using cobalt-60 gamma resources. Blood samples were collected from the tail end and
the number of peripheral blood cells was counted on day0 1 4 7 10 13 16 and 22 using a microcell counter.
Hematopoietic progenitor colony-forming cell assays were used to assess the reconstitution of bone marrow after radi—
ation-induced myelosuppression. Results Compared with control white blood cells red blood cells hemoglobin
and platelets were all increased in drug-ireated groups except for group VI. Group I and group Il significantly in—
creased the formation of hematopoietic progenitor colony<forming cell assays. Group Il also accelerated blood cell
recovery. Group V led to a significant increase in the formation of colonyforming unit-granulocyte macrophage and

circulating blood cells. Conclusion Group Il is the best combination of radioprotectors.

Key words radiation; drug combination; estrogen; cytokine; Chinese medicine formula
“ 7 WR-2721( DRF 2.5)
No. 08G144 1 :
. Tel: (010)
66931233 2.
: 100850 ,
E-mail: gaoyue @ yahoo. com; E-mail:

mazengchun2004 @ yahoo. com. cn



* 16 2012 2 20 28

Pharm J Chin PLA Vol.28 No.1 Feb 20 2012

1
1.1 E0703 ( 10 mg
E0703 10 ml 0.5% ( CMC—Na)
1 mg/ml Jo 523(
10 mg 523 10 ml 0. 5% CMC-Na
Img/ml ) o rhG-CSF(
:20100201) o rhILA1(
:20120312) . (
1 C9011) ; ( 1 C9134) ;
( : C9008) ( ) o
F-820 ( Sysmex ); QT3
Y ( ) ; CO,
( Thermo ); (
) (
)
1.2 5 6~8
18 ~22 ¢ (
SCXKH ) 007004 ],
SPF 120 ~
24°C :30% ~40%
. SYXKA )
2007004 .
1.3
4
{ »2010
8 1h
( ) 30 min; 3
5 20 min.
1 g/ml,

1.4 o
9 E0703 + rhG-CSF +
( 1) EO0703 + rhilA1 +
( II) E0703 + rhG-CSF +
(1) E0703 + thILA1 +
( IV) 523 + thG-CSF +
( V) 523 +rhIL41 + (
VI) 523 + thG-CSF + ( Vi)
523 + thilA1 + (V).
2% h F0703 10 me/( kg *d)
523 10 mg/( kg *d) 0.5%
CMC-Na 0.2ml/ . “Coy
7.5 Gy 4 m
214 ¢Gy/min, 1h
thG-CSF 30 ug/( kg +d)
pg/( kg +d)
0.2 ml/ ; 2 h
10 g /( kg *d)
30 g /( kg +d)

rhIL41 200

0.3 ml/ 7d
14 d 1 /d.
1.5 N 1.4.7.10.13,
16.22 d 20 ul
1.6
v 7 3
( CFU-GM) . ( BFUE CFU-E) .
( CFU-mix) A
1.7 SPSS 13.0
X xS
l o
2
2.1 7.5 Gy “Coy
1d
4d
( P <0.01) o

]]I\ N\ V
(P <0.05), 16
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Vi ; o 2.
I Im - V. Vv 2.3 7.5 Gy* Coy
(P <0.01), 1,
2.2 7.5 Gy* Coy 10 13
7.5 Gy Coy o I v
10 13 16
. 16 M. 7.5 Gy “Coy
V. VI VI 4 . 10 ~ 22 V.
( P <0.05) 4 Vi. VI
7.5 Gy*Coy ( P <0.05) 3.
1 7.5 Gy “Coy
( x10°/L)
1 4 7 10 13 16 22( d)
6.59 +1.00 1.29 £0.46° 0.65 £0.15° 0.94 £0.43°¢ 1.43 £0.45° 1.97 £0.94¢ 2.48 +1.90°¢ 8.75 +£4.04¢

[ 6.38+0.95 2.10£1.31° 0.70+0.17° 0.90+0.29° 2.15+1.87° 4.21£2.79° 7.43+3.97% 12.64 +3.28°
I 7.17£1.66 3.00+0.71 0.88+0.29° 1.89+1.43° 1.94+1.07° 4.17+2.64° 6.07 £3.74"  8.60=4.59
I 7.02+2.09 4.53+1.45% 0.93+0.37 1.63+1.24° 1.64+0.74° 3.59+1.72° 6.96+1.985 9.09 +2.61°
IV 6.78+1.39  4.89+1.41" 0.97+0.417 5.33+4.55" 2.30+1.63° 3.92+3.44> 7.53+4.74¢% 10.80+2.21°
Vo 6.32+1.15  2.88+1.47% 0.92+0.39 2.27+1.50° 2.77+1.92° 3.89+2.48° 8.22+3.07%  7.84 £3.09
VI 6.19+1.46 3.68=1.977 0.6420.15° 2.41£1.47° 1.90+0.91° 2.46+1.92° 6.02+3.89" 9.58+5.50°
VI 6.73+1.30 8.78=+2.88" 0.79+0.17° 3.80+2.75 2.80%3.55° 1.58£0.76° 1.97+0.91° 10.05 £6.22°

VI 6.80+1.85 5.05+1.28" 0.80+0.17¢ 3.69+3.117 2.49+1.58° 3.65+2.10° 5.74x1.96" 8.38+3.23

bp <0.05 °P <0.01; P <0.05 ¢P <0.01,
2 7.5 Gy “Coy
( x10'2/1)
1 4 7 10 13 16 22( d)

8.38 +2.56 7.81 =0.61 7.62 +0.57 8.18 £1.25 6.68 £0.79° 6.03+1.20° 6.09 £1.48° 8.44 +1.01

I 7.68+1.80  6.92+0.60" 7.62+0.83 8.14 £0.59 6.41£0.54  5.90+1.76" 6.491.97 8.26 +1.83

I 7.62+0.76 7.19 +£0.31 8.15+0.92 8.25 +0.60 7.47£1.07 7.79 +1.44f 7.30 £1.59 8.26 £0.75

m 7.30+0.98 6.92 +0.48" 8.14 +£0.47 8.36 +0.45" 6.73 £1.10 7.10 £1.98 7.51 £0.76 8.45+1.16"

IV 7.56+1.18 7.35+£1.05 7.77 £1.26 8.64 +0.72" 8.14£1.02"  8.53+1.52¢ 7.11 £1.32 8.67 1.7

V.  7.34zx1.67 7.26 £0.50 7.52£0.78 7.22 +1.90" 6.84 +0.64 7.64+1.08"  8.31+0.99¢ 9.00=+1.17"

VI 8.12%1.79 7.72 +0.58 7.30 +0.63 7.55+0.97  6.74+0.41> 7.91+1.06" 7.76£0.12"  8.18 +0.48

I 7.69+1.54 7.56 £0.91 8.59 +0.68" 8.26 +£0.98 8.38£0.92F  7.70 +0.78' 7.33+1.10 9.12 +0.87°

VI 9.19+£2.92 6.74 +0. 68 8.13£0.93 7.02£1.03%  7.80+0.56" 8.611.39¢8  7.75+£0.46" 8.61 £0.58

bp <0.05 °P <0.01; P <0.05 P <0.01.



<18 2012 2 20 28 1 Pharm J Chin PLA Vol.28 No.1 Feb 20 2012
3 7.5 Gy “Coy
(g/L)
1 4 7 10 13 16 22( d)
124.3+3.3  127.7+8.2  140.7 +10.3" 149.2£16.7° 117.6+11.0 91.3£18.1° 95.3£23.8° 120.217.6
I 118.4%87 117.7+10.8 128.8+19.9 141.4+11.9" 106.7+8.7  95.5+26.9" 106.7 +32.0  125.0 +24.0
I 1253242  122.7+6.0  146.6+20.8° 152.0+11.4° 124.4%27.2 117.3+19.7" 115.7+23.6" 134.5+13.5
Il  120.5+8.8  118.2£7.3 158.0+11.3% 153.2+9.9° 114.5x15.3 112.3£36.0 124.9+14.6¢ 128.9x15.7
IV 117.3£8.3  125.2%15.9 152.121.2° 165.2+11.5° 136.5+19.9" 125.5+22.6¢ 114.8+9.9  123.5 6.1
Vo 119.8+6.9  122.7+8.7  131.2+12.4 128.235.7" 114.4£12.6 113.7+19.0" 135.1+18.4" 128.1=14.1
VI 128.7%20.9 124.5+12.7 130.4+17.2 142.9+18.8 114.8+4.0 121.2=11.0" 126.2+5.7¢ 125.0+13.3
VI 124.5+9.8  139.1+21.9" 150.3 +11.1° 150.0+19.5° 133.7+11.5" 112.2+16.3 117.3+12.3" 129.3+13.0
VI 121.6+7.2  133.0+12.7" 154.6 £13.0° 136.4+20.7" 127.6+6.2  130.2£24.0¢ 129.5£5.2¢  120.59.0
"P <0.05 °P <0.01; P <0.05 ¢P <0.01.
2.4 7.5 Gy* Coy ( BFU-E.CFU-E) .
7.5 Gy*Coy ( CFU-GM) ( CFU-mix)
7d 10 ’ I
o 10 16 Vil (P <0.01).
(P < I}
0.05) (P <0.05), I BFU-E
o \Y (P <0.05) . V CFUGM
13 (P <0.01), VI BFU-E
( P <0.05) 10 CFU-GM (P <0.05)
VI CFU-E.CFU-GM.CFU-mix
o 4, (P <0.01), 5 NN
2.5 7.5 Gy “Coy V.V
7.5 Gy “Coy ( P <0.01), 5,
4 7.5 Gy “Coy
( x10%/1)
1 4 7 10 13 16 22( d)
1030.9 +182.8 993.1+74.5 860.0+129.5" 164.3 +61.8° 70.3 £57.1° 116.8 £77.7° 309.8 £272.9° 727.0 +239. 2°
I 861.6+82.5 903.3x173.0 701.7+133.6 104.6+25.4 63.7+32.2° 210.2 +305.7° 404.5 +459.4° 802.3 +473.2
I 874.7+75.4 901.9%96.1 816.6+215.2 154.1+64.3° 73.8+59.7° 285.3 +203.1° 368.7 +345.4° 514.0 +237.6°
I 838.6+129.5 832+145.4" 777.6+175.9 109.5+56.9 93.6+49.2° 266.4+196.1° 518.9 +234.6° 872.1£365.5
IV 853.4x143.6 940.2206.9 859.7+153.2 189.8 +65.7° 95.2+59.8° 249.2 +221.4° 459.8 +382.0° 905.3 £399.5
V 879.5:132.8 983.5:188.4 851.0£143.1 147.1£77.5° 119.4+52.2° 393.4£295.3% 630.7 £316.6" 816.7 £294.8
VI 873.1x143.0 820.2+139.3" 730.4£149.1 113.4+£54.0° 79.2+47.6° 273.0+199.2° 558.8 +394.5° 924.6 +390.7
VI 877.8+178.8 999.9+118.1 887.4+157.2 160.4 +38.2° 51.4+9.72° 89.8 +36.8° 155.0+74.2° 803.3 +370.8
VI 885.6£221.5 888.5£67.1 611.3109.9° 127.1=55.1° 153.7 £105.4° 444.2 £232.7° 676.8 +304.4" 583.5 +279.8¢
PP <0.05 °P <0.01; P <0.05 P <0.01.
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5 7.5 Gy “Coy
x10% /MNC
BFUE CFU—E( CFU—G?V[ CFU-mix 7.5Gy" Coy
6.0+2.4 3.5%1.3 3.8+1.3 2.0+0.8 "
I 113+£18.7¢ 33.8+10.1° 36.0+5.7° 10.0+2.2°
I 19.8+5.9" 7.3£2.2 7.3+£2.9 2.3+1.0
I 70.8+12.3° 12.3+7.7" 38.8+6.2° 4.3x1.5"
NV 9.0x3.4 4.0:1.6 3.0:l.4 1.3:1.0 ' ’
V 6.8x2.4 8.3£2.9 61.3+£8.7° 3.0x0.8 >
VI 19.0+3.2> 6.5+2.6 17.3+3.0° 2.0x1.4 R
VI 12.5%3.7 19.3+4.9° 24.3+9.3° 5.3+2.8°
VIl 13.3x4.6 4.5x1.3 7.5+£3.9 2.5%1.3
"P <0.05 °P <0.01.
3 I
3 . o
( Acute Radiation Injury ARI)
6 5 1 Brenner B Wasserman L. Beery E et al . Variable cytotoxicity of
amifostine in malignant and non-malignant cell lines J . Oncol
Rep 2003 10(5) : 16094613
2 Widyarini S Domanski D Painter N et al . Estrogen receptor signaling
ARI ° protects against immune suppression by UV radiation exposure J .
7.5 Gy* Coy Proc Natl Acad Sci U S A 2006 103(34) : 12837-12842
457 3 J .
2009 29(5) : 3035
4 Y
UE I 2001 7
V. VIV (3) 14144
[0 5 CD34
i m J. 2001 21(1) : 1245
m . . 6 Simonnet A] Nehmé J Vaigot P et al . Phenotypic and functional
changes induced in hematopoietic stem/progenitor cells after gamma—
° ray radiation exposure J . Stem Cells 2009 27(6) : 14001409
v E0703 523 24 h 7 I,
2003 9( 4) : 58-60
. 8 4523”7
hC-CSF thITd1 J. 1994 14(5) : 322325
9 .F0703  AHHA
J. 2008 28(3) : 231234
10 Bentzen SM. Preventing or reducing late side effects of radiation
0, therapy: radiobiology meets molecular pathology J . Nature
1 reviews Cancer 2006 6(9) :702712
11 Dainiak N. Rationale and recommendations for treatment of radiation
injury with cytokines J . Health Physics 2010 98( 6) : 838-842
12 N

] 2008 17(1):121422
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