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Effect Enhancing and Toxicity-reducing Activities of Astragalus Polysaccharide Injection on

U14 Cervical Cancer in Model Mice Receiving X-Ray Treatment

SONG Yi-hang, GUO Zhong, DOU Chun-jiang, Nuernisa Aili , ZHAO Jin"
(Medical College, Northwest Minzu University, Lanzhou 730000, China)

[Abstract]  Objective: To study the effect-enhancing and toxicity-reducing activities of astragalus
polysaccharide injection (APS) on Ul4 cervical cancer in model mice receiving X-ray treatment. Method: Ul4
mouse cervical cancer cells were cultured in vitro and injected into the right forelimb armpit of Kunming mice for
constructing a subcutaneous tumor-bearing model of cervical cancer. The tumor-bearing mice were randomly
divided into the model group, X-ray intervention (IR, 6 Gy) group, APS (10 mL-kg'-d") group, and IR +
APS group. Following the observation of the state, body mass, and food intake of mice in each group, the
volume of the tumor was measured. The tumor cell cycle and apoptosis were determined by flow cytometry. The

protein and mRNA expression levels of apoptosis-related proteins p53, B-cell lymphoma-2 (Bcl-2) , Bcl-2-
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associated X protein (Bax), and cleaved cysteine-dependent aspartate-directed protease-3 (Caspase-3) in tumor
tissues were assayed by Western blot and real-time fluorescence quantitative polymerase chain reaction (Real-
time PCR). Result: The comparison with the model group showed that mice in the IR group had poor mental
status and reduced mobility. The IR group and IR + APS group exhibited reduced food intake and body mass
since the 8" d (P<0.05, P<0.01) and narrowed tumor volume since the 9" d (P<0.01). In the IR group, the
proportion of cells in the G, phase was increased, while the proportion of those in the S phase was decreased (P<
0.01). In the IR + APS group, the proportion of cells in the G, phase rose, whereas the proportion of those in the
G, and S phases cells declined (P<0.05, P<0.01). The apoptotic rates in both the IR group and IR + APS group
were elevated significantly (P<0.01). Compared with the model group, the IR group and IR + APS group
displayed up-regulated cleaved Caspase-3 and Bax protein and mRNA expression in tumor tissues, but down-
regulated Bcl-2 and p53 protein and mRNA expression (P<0.05, P<0.01). Compared with the IR group, the
mice in the IR + APS group had better mobility and hair, normal body mass, and increased food intake (P<
0.05). The tumor volume in the IR + APS group was reduced (P<0.05). The proportion of cells in the G, phase
was reduced, but the proportion of those in the S phase was raised (P<0.05). The apoptosis rate was increased
(P<0.05). The apoptosis-related protein Bax protein expression in the tumor tissue was up-regulated, while the
protein expression levels of Bcl-2 and p53 were down-regulated (P<0.05, P<0.01). Conclusion: APS

maintains the life state of U14 cervical cancer model mice treated with X-ray and promotes tumor cell apoptosis,

thus enhancing the efficiency and reducing toxicity.
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Y ff 98 -2 3K (1 (Bel-2) , Bel-2 A1 56 X 2 (1 (Bax) Al 87
Yl 5 2 e 2 1R 1 R 4 2 R 8 K f# i -3 (cleaved
Caspase-3) ( #it /1 Hua Biol 2& w , #it 5 4 5] N
HHO0319, HN1019, HNL211, HN0927) ; H i % -3- s
iz B & i (GAPDH, 3£ [E GeneTex 24 #l , it %
GTX100118) ; Ll 3 Bt H B AR Bl br i 09 — $0 (£ H
Immunoway A ) , it 5 RS0002) ; 1640 1% 37 3 ( 3£ [{
Hyclone A A, #It 5 AF29520450) ; i 4 1fiL 75 ( LA (4 41
BIAF L5 1919555)
1.4 {U% FACS Celesta™ 37 2 40 il 1% ( 2% [ BD
/N 7] ) ; Mini Protean Tetra Cell Mini Trans-blot cell 7
T R R R L UK BE BN R 55, PowerPac A HL K AY
PowerPac Universal ! &% i {% ( 3¢ [&] Bio-Rad 23 A ) ;
ChemiDoc-610 %! 4 11 & I 1% & 58 (5 [ UVP 24
A ) ; SHZ-82 UK il w14 5 0> AL (1% 5] Eppendorf /2y
F]) 3 SKYJH-1112 % — 4 AL ik 15 7% 46 ( 35 [E Thermo
/A7) ; FAXITRON RX-650 % X S 28 4 5% ( 55 [®
Faxitron A 7] ) o
2 Ak
2.1 BEARVE ST 54y IRARIE SR U4/ BUE B0
2B, HBOGT i A 1 A A T 5 4 3 IR R R A0 %
JE B g 5x10°A>/mL, FRE R S 45 Bl T B N BUA
HRE T, 4 e S o 0.2 mL, M 3B 0 R
ff R0 AR H 2 DU R IR K H 0.1 emx0.1 em A2
A /INIEE AA 1 /0N BR A SR AR B ) 1 Y 9 A R /N B

Pl A A 2 9 /0N B 9 A s RO R R AR R
i e MR AR K ARl 0.1 emx0.1 cm 25 A7 (95 L)
FRFEAT PR BT 3 i 5 O B AL 23 A AU 20, XS 2T Tl
ZH(IR),APS 4, X H £k & APS 41 (IR+APS41) , B
4110 H o HR4E A5 sh¥ ) 259 70 i i 4 58 ik
AR 4l A 0Y TS g 45 R M APS Y T R E R
0.2 mL, A 20 B K ME W 55 A= 3 3h 7K 0.2 mL, &
KK, #ELE 10 d; APS 4 & K8 IE v 5 APS 0.2 mL,
BER VIR, FELE 10 d; TR 41 55 K ME 6 vE 5 0.2 mL A= B
K ,ER IR, EL10d, TH7TRE T XS4
5, BB 5K R 6 Gy; IRHAPS 4 4 K I U 5
APS 0.2 mL, %K 1K, iE2L10d, T2 7 K4 T X4
2RI

X GFER BB AT ik X SRR I B Rl
0.6 Gy-min (100 keV, 5 mA) , B 5 # & 6 Gy.
7E /N BRURE 0 TE 5 259 30 min J5 , %/ BUEAT 5% /K
A AR IRR I B /N B 10 em JE 1 58 1 40 A b
17 18 5, I 6 O BT A b Y B L BE 3k AR 2 5E i
HA,
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Ve, AL 25 gy a , Jf- 43 5138 3 200 H #1300 H A i
0o HE AT B L ORI S I A A0 MR, i A PBS TR A
HUEIG o A 40 R 3R] ke R A 2 A
W R AT AV/PT UG, i 2 200 i ASORG: T 400 e ) 7%
2.5 HHARPEEIIE YL (Western blot) A& Il I T2 41 5¢
BHEE T 10 KA FEHH 38 B 4/ B 9 4l
2 RIS /N AL P E I . AU
40 pg EFE, 2 5%, 12%SDS-PAGE 43 & , #% i, &
M J& , 4 9 5 p53, Bax, Bel-2, cleaved Caspase-3(1:
1000),GAPDH(1:5 000)4 FAHZ: & , #8 K 4 5 Ik
H 4350 5 1 S B S R B AR 0 0 =90 (11 )85 &
SR, ECL &0t Wt J5 , B I R & g gk I, Jf:
¥ H] Quantity One 4.6.2 3 {1} % AR #E 1706 %5 B2 43
B, UL GAPDHIENZ B8 R HIWE R K 5N Z
GAPDH 454l 1 LU {EAE A 2 I
2.6 Real-time PCREGIMFEAT-MHCIFFLIL T
10 KAk B8 FF 35 B 45 20 /0N B IR 1 20, 2 B 45 21 /N B
JoE 120 RNA JF#EAT W BE 2 o DA 20 wL 4R R
S 56 I eDNA | I 3R A7 52 B 2¢O 5 B A, 52
25495 °CHIZZ P 1 min, 95 °C7AE 1 10 ;57 °CiB &
20 ;72 °CHEfH 20 s LEE DX, 40 AU 24, V5 fiff ith &
il % 65~95 °C, 0.5 °C-s™, ffi H 2“3} 55 5 B- Wl 3l
H 1 (B-actin) i AL 5 19 36 5] 9 AH 6 635 K F- o 51
Yyi H A Takara A FIITS 5. FAILE L,
2.7 G4 M B SPSS 21.0 8T R A4 4 AT .
GEWRCRH X £ 5 Fon, 24 ) B8R 3R A one-
way ANOVA, Wi Wi 38 R e/ i M 22 = ik
(LSD) 5, P<0.05F 2 7 A Geit =& L.
3 #7
3.1 APS X X 4 £ MG I /N B — 1 Bl 19 5 i
LAY 20 T APS 2H /) BURE PR S R 4P 16 3 R 47,
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&1 5IMF3 ERMBBRHN S 5B H LK, APSH T

Table 1 Primer sequence

AAESS 9 KIGHN(P<0.05) , IR A/ U FOIR S A E

5 AT KR RSB Sk, B BRI B
Bax [ if CAGGATGCGTCCACCAAGAA 102 558 J° IF 15 IR 4 . IR+APS 41/ B 3E £ & 3 0 >
Tl CGTGTCCACGTCAGCAATCA (P<0.05,P<0.01) ; 5 IR 4H L% , IR+APS 2H /s B iE
Bel-2 3 CATTGTCGGGCCCATGAAG 168 SR, 453k S ISk, 8 9 R UE
il CACCCTGGCCCAATCTAGGA T, 2= R A U B %t % E L (P<0.05)
p53 - AACTTACCAGGGCAACTATGGCTTC 132 W2,
T AACTGCAGGGCACGTCTTC 3.2 APSXF X HFECIUM 5 /D BB AL B
Caspase-3 L' ilf AGAGACATTCATGGGCCTGAAATAC 143 B2 H B IR 41 I IR+APS 217555 8 K (X f 2 I
T lif CACCATGGCTTAGAATCACACACAC AR %2 IF UG R RE 15 25 3 T B (P<0.01)
B-actin  Lilf CATCCGTAAAGACCTCTATGCCAAC 171 jlj IR 4 ttjﬁa o IR+APS 411G E X 3T RASS 1
’ B 71 5 (P<0.05) A5 10 K IF i S it 45 JF 0
T iif ATGGAGCCACCGATCCACA FFF A 3,
®2 APSUHXHERHEHERENFM (f5,n=10)
Table 2 Effect of APS on food intake of mice after X-ray irradiation (x+s,n=10) g
28 51 APS/mL-kg’ X Hk /Gy 1d 2d 3d 4d 5d
HL 17.30+1.90 16.44+1.43 18.67+1.77 15.91£0.94 15.01+1.12
APS 10 17.8241.37 18.31:£0.90 16.57+2.30 15.88+1.78 16.62+2.04
IR 6 16.62+1.77 15.96+1.29 16.25+0.89 16.38+1.04 17.33+2.33
IR+APS 10 6 15.89+1.33 16.67+1.52 16.23+0.80 17.35+2.02 17.11£1.25
il APS/mL-kg! X /Gy 6d 7d 8d 9d 10d
LAY 16.06+1.10 16.80£1.37 17.06+1.86 16.22+2.04 15.97+1.67
APS 10 17.10+1.88 17.121.82 16.45+1.35 16.93+1.22" 16.21+1.64
IR 6 16.02+1.68 16.52+1.30 12.19+0.46% 10.02:£0.73% 10.05+0.52%
IR+APS 10 6 16.35+0.65 16.24+1.74 13.15+0.88%  13.37+1.35%%  14.07+1.72"%
T SR RV P<0.05,7P<0.01; 45 IR 4 L 5E P P<0.05,YP<0.05( % 3~9[d) .
F3 APSHXHFLEBHF/NRERFLLENZM (f+5,n=10)
Table 3 Effect of APS on body weight of mice after X-ray irradiation (x+s,n=10) %
a1 APS  XMZ  1d 2d 3d 4d 5d 6d 7d 8d 9d 10d
/mL-kg' /Gy /1d nd /1d /1d nd /1d nd /1d /1d nd
T 95 100£5 1045  104+7  108+9 11010 11049 111412 11312 115+14 118+14
APS 10 100£4 10244  104+8  105=10 10810 10912  110£13  112%15  116%15 116417
IR 6 10043  102+4  105+4  106+7 106+8 10811 113£12  106£5% 98+5% 99+8%
IR+APS 10 6 100£6  104+4  104+6  108+8 110+8 11211 113411 106+£9”  104+5Y  108+13>%

3.3 APS X X G2k BE G 5 /N BUIR R B AR £k 1 52 i)
LRI A, APS 41 IR B B B AR fE TR 41
HIR+APS 21 1655 9 K (X BT & A 545 2 K)IF A
Jog VR FR R 08/ (P<0.01) . 5 IR 41 L% , IR+APS
2 /N BRUAE X 4R RS IR 50 10 R(X R IR R 26 3
K IR R B B (P<0.05) . L 4.

3.4 APSXF X 54k BUf S /0N BRI 2H 2 b 40 i ] 3
B SRR A, APS 4 G, H I T, G,

) L ] B AR (P<0.05) , TR 41 /1N BRURE 41 22 41 i G, 39
FE A9 T e, S 381 LE 49 I AIK (P<0.01) , IR+APS 21 /] i,
AT AN G, Ee T L G, A S B BRI R AIG (P<
0.05,P<0.01) ;5 IR 4 H 4 , IR+APS 21 /N B 4H 21
Ui G, H i 22 S G T R X, G IR AR, S
T (P<0.05), LS.

3.5  APSXF X 94k R JE /0N B 41 2 b 40 B o T
FIRZI 20 50 9 K (X SR AR 25 2 K ) e
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R4 APSHXHLBHBNRBEROFI (X+5,2=10)
Table 4 Effect of APS on tumor volume in mice after X-ray irradiation (x+s,n=10) cm?
21 531 APS/mL-kg" X 414k/Gy 1d 2d 3d 4d 5d
ki 0.001+0.001 0.016+0.001 0.059+0.001 0.078+0.002 0.1030.009
APS 10 0.001+0.001 0.020+0.002 0.046+0.004 0.073+0.007 0.098+0.007
IR 6 0.001+0.002 0.016+0.003 0.052+0.0064 0.076+0.009 0.084+0.009
IR+APS 10 6 0.001+0.002 0.017+0.004 0.056+0.007 0.069+0.009 0.090+0.010
4 51 APS/mL-kg X 444k/Gy 6d 7d 8d 9d 10d
ki 0.196+0.011 0.295+0.028 0.477+0.041 0.683+0.066 0.964+0.093
APS 10 0.176+0.016 0.275+0.051 0.458+0.058 0.625+0.081 0.854+0.106
IR 6 0.183+0.011 0.305+0.031 0.437+0.047 0.443+0.056% 0.524+0.084%
IR+APS 10 6 0.172+0.031 0.272+0.076 0.407+0.030 0.403+0.053% 0.415+0.058%
F5 APSHXHLBHE/NRBEEAFHMBEEHNZIM (X+s,n=3)
Table 5 Effect of APS on cell cycle in tumor tissues of mice after X-ray irradiation (x+s,7=3) %
215 APS/mL kg X /Gy G,-G, S 4 G,-M 1t
(eS| 22.62+3.13 48.57+5.70 28.81+3.99
APS 10 42.22+4.96" 44.98+2.66 12.80+7.11"
IR 6 60.69+4.01% 8.02+5.35% 31.29+3.45
IR+APS 10 6 60.86:+5.44% 18.16+3.92*% 20.99+4.72"%

10 K (X I 4k BS54 3 KO MM SR BUBE 4 21, 5
AU B, 55 10 K APS 419 21 20 40 it ) T~ S 1%
(P<0.05),%% 9,10 K IR 41 Fl IR+APS £ /] [l J83 41 21
P2 TR B i (P<0.01) 3 5 IR 4 L, 26 9,10
K IR+APS 41 /Iy BLJe 4 23 v 41 Jf 0 2 32 3 n (P<
0.05). WL56,7.

#6 APSHXHLRHEEIRNRBARFHEMAT

(x+s,n=3)

ok

Table 6 Effect of APS on cell apoptosis in tumor tissues of mice

on the 9™ day after X-ray irradiation (¥+s,n=3)

25 APS/mL-kg' X H£R/Gy AT F /%
LR 4.22+0.61
APS 10 8.52+0.92
IR 6 18.93+1.77%
IR+APS 10 6 22.65+3.19*%

7T APSHXHLEBHEEI0XRNRBEATARBATHZN
(xX£s,n=3)
Table 7 Effect of APS on cell apoptosis in tumor tissues of mice

on the 10™ day after X-ray irradiation (x+s,n=3)

2150 APS/mL-kg' X H4/Gy TR /%
% 5.97+0.72
APS 10 13.44+1.01"
IR 6 23.01+2.54%
IR+APS 10 6 27.38+4.17%%

.88.

3.6 APSXJ X 5 2k BRI 5 /0N BUJR 20 2L T AH DG R
FIZB MR SEORA H g, APS 41/ BUJR 41 21
HAE 8 T A OC B 11 Bax AR 1R GA B WG, R T
5 M Bel-2 il p53 #2315 B Bk 2> (P<0.05) , {2 I T AH
K& [ cleaved Caspase-3 8 [1 Rk 2 7 LA I 4 E
S IR ZH FIR+APS 2H /)N B A 20 v 2 0 T2 A Q2R
M Bax, cleaved Caspase-3 & 1 3¢ 35 B I 34 i, 90 04
T & 11 Bel-2 Ml p53 & ik B & 38 2> (P<0.05, P<
0.01); 5 IR 4 b %% , IR+APS 20 /s BUJRE 40 242 0 T
AH G 26 11 Bax 35 W W14 0, 90 9% T 2 11 Bel-2 Al
p53 1 WL /> (P<0.05,P<0.01), WK 1,#%8,

B2 D S S e  26KD:
ps3 MR SR S s S3kDa
Caspasc3  MG_. — N >0
Bax “ 21 kDa
GAPDH WD SR G S 37 kD2

A B C D
A. BRI B, IR4L;C. APS4L;D. IR+APS 4
Bl1 APSX XS Z&RHEF/NRBALFATHEXEARERK
Fig. 1 Electrophoresis of APS on expression of apoptosis-related

proteins in tumor tissues of mice after X-ray irradiation
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8 APSHXHLBHE/NREALBATHEEARIKENEM (i+s,n=3)
Table 8 Effect of APS on expression of apoptosis-related protein in tumor tissues of mice after X-ray irradiation (x+s,n=3)
2531 APS/mL-kg' XHt4/Gy Bcl-2/GAPDH p53/GAPDH cleaved Caspase-3/GAPDH Bax/GAPDH
1575 1.33+0.22 0.87+0.22 0.54+0.19 0.13+0.07
APS 10 0.96+0.11" 0.74+0.21" 0.67+0.07 0.37+£0.12"
IR 6 0.65+0.38% 0.58+0.11% 0.91+0.08" 0.62+0.28%
IR+APS 10 6 0.44+0.18*% 0.24+0.06> 1.09+0.16% 0.88+0.10**

3.7 APS X XUk B G E /N R AL 20 TR OGS
HRLkm s 5HEAE L, APS /) B 4H 41
A 8 T AH OC 3 A Bax, 10 T2 56 A Bel-2 1 p53 6
B AR AL, 22 5 0 G i 2% 78 L, Caspase-3 mRNA £
K3 (P<0.05) , IR ZH /Iy BRUJRE 40 20 v 4 O 12 A DG 2

Bax, Caspase-3 mRNA 3 ik 0H & 84 i, #0087 &
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Table 9 Effect of APS on expression of apoptosis-related genes in mouse tumor tissues after X-ray irradiation (x+s,n=3)
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