4L 2 RS SRS T2 %2 . Radiat. Res. Radiat. Process. Vol.41, No.2
2023 £ 4 A www.fs.sinap.ac.cn April 2023

— TR ST By 3P TR 25 4H 75 3 /N R OBR PR 5B 5T 95 46 BV R P 1E

Ji v OE OB PN WO RS
PQEAESCH B ERH 441053)
(P EANRBIFEEFRAES SO i 200433)
CCENAETT DA R e BEEAE 617000)

FEE PR R R R o0 1L 2 R R B R A SR R G AL — R SR B 4 b 2 4L (TR B S 2 0
X S A0 /0N B PLUE F) B T S DR A A o SR 6N BRBE AT 23 S 20« o B2 VBB 2 B R 2 7 A1, o, v 2
(500 mg/kg.1 000 mg/kg.2 000 mg/kg) 6.5 Gy “Co y i £k — I 4 B HESR SR S 40 A AR o W 5% &% 2H /)N B
JE T 2R 250 U 2H U055 B 2% T 45  Caspase-3 , Caspase-9 M i (L5 C 15 14 8 T4 9% 85 (1 Bax Bel-2 & P53 & M
FIE R T AR IR CD4'.CD8' 1 43 Lk . CD4'/CDS " EUAF B 55 21 JIL J 41 i DNA 5245 72 5 S5 48 AR 1 AR AL A% 100
IR R IR G LA, 25 2 AL /IS B A 7 R JE 2R 35 P o o e, e LA s 7 L R A
AR E (p<0.01 3 p<0.05) ; 45 25 41 /N R BE 1 () CD4*.CD8* 1 73 bt . CD47/CD8' EU A % Bel-2 [#) 85 [ ik 1 1
J ¥ 2 , Caspase-3, Caspase-9, 4l s 5 & C i PE I Bax P53 [ 8 (13K A A 3 1 T % (p<0.01 5% p<0.05) ; [A] I
B4 2 2H /0N BRI 40 B ) Tail DNAY%. Tail Length & Olive 2 i (OTM) ¥4 & & M T B& (p<0.01 58 p<0.05) . 75
FRLH USRI, SR 20 LA, 2 2 2 /0N BRI 1) 40 1 468 DX V75 AT bk ECL 4T R R B8 2 m s 4T i 352 35747
BN B AT TR, By 4 7 0 e S A 0 SRR JRE L AT — 5 B ORGP E A o HE DU L ORGAE R AL, P R S 0
1) 240 6 A TR/ DNA 84756 %

KRR BERALTT AT, AN B B

HhESES R8I

DOI: 10.11889/7.1000-3436.2022-0048

Protective effects of a Chinese medicinal formula on the spleen of irradiated mice

ZHOU Xi' TANG Ying" SUN Huan’ CHEN Xuejiao'
'(Hubei University of Arts and Science, Xiangyang 441053, China)
*(Naval Medical Center of the PLA, Shanghai 200433, China)

*(Panzhihua Health Commission, Panzhihua 617000, China)

ABSTRACT A Chinese medicinal formula was prepared by combining extracts from Astragalus, Siberian
ginseng, wild Yam, grape seed, and wild Jujube and assessed for the protective effect of the Fangfu formula powder
on the spleen of radiation-injured mice. The mice were irradiated with a one-time “Co y ray 6.5 Gy dose exposure.

The experimental mice were randomized into five equal groups: the control, the model , and the low, middle, and
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high-dose group (500 mg/kg, 1 000 mgkg, 2 000 mg/kg, respectively). Changes in the spleen index,

pathomorphisms in the spleen tissues, Caspase-3, Caspase-9, cytochrome C, CD4", CD8", the apoptosis-related

proteins Bax, Bcl-2, and P53 protein expression, and the cell DNA damage in each group were measured. Compared

with the model group, there was an increase in the body weight and spleen index of the dosed mice, with the most

significant (p<0.01 or p<0.05) increase occurring in the middle- and high-dose groups. Furthermore, the Fangfu

formula significantly (p<0.01 or p<0.05) increased the CD4", CD8", CD4/CD8" percentages, and Bcl-2 protein

expression and reduced the level of Caspase-3, Caspase-9, cytochrome C, Tail DNA%, Tail length, olive tail moment

(OTM), Bax, and P53 protein expression in spleen tissue when compared with the model group. The histopathologic

examination showed that the red and white pulp area of the spleen of the dosed mice was clear, and both lymphocyte

necrosis and neutrophil infiltration were decreased significantly in the dosed mice as compared to that in the model

group. The data suggest that the Fangfu Formula has a protective effect on the spleen of irradiated mice. These

findings might be related to inhibition of DNA damage and apoptosis.
KEYWORDS Fangfu formulas, Radiation injury, Mice, Spleen
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Table 1 Changes of weight and spleen index of mice in each group (X+s)
2H ) VIGHIREE / g RIARHE / g BERE R AL/ (mg-g™)
Groups Initial weight Last weight Spleen index
X} #E 2H Control group 24.37£1.56 36.97+1.11" 0.031£0.009™
2 Model group 24.93+1.03 31.28+3.33" 0.009+0.002"

&)= 2 Low-dose group 23.79+1.31 32.45+2.96* 0.010£0.002"
T &4 Middle-dose group 24.56=1.78 36.15+1.32" 0.024+0.007"
7741 High-dose group 23.77+0.63 34.95+2.43* 0.0140.004*"

v SXTHRA LR, p<0.05;57, p<0.01 s SR AH LLEE, ™, p<0.05;7,p<0.01,
Note: compared with the control group, *, p<0.05, *, p<0.01; compared with the model group, *, p<0.05; ~, p<0.01.
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Fig.1 Pathological pictures of HE staining in different groups of mice spleen tissue (color online)
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Table 2 Pathological score of the spleen tissue of the mice in each group (x£s)
#2053l Groups IR FE Necrosis F PRS2 2 31 Neutrophil infiltration
X+ H& 2H Control group 0.30+0.48 0.30+0.48
i 2H Model group 2.30+0.95" 3.51+0.71"
574 Low-dose group 1.71£0.167 1.40+0.52"
71 &40 Middle-dose group 0.92+0.88" 1.32+0.82"
=577 41 High-dose group 0.41+0.52" 0.61+0.52"

E: SXTIRA R, p<0.05;57, p<0.01 s SR LLEE, ™, p<0.05;",p<0.01,
Note: compared with the control group, *, p<0.05; *, p<0.01; compared with the model group, *, p<0.05; *, p<0.01

2.3 BriE4RE 5 XTBR A 4B Caspase-3, Caspase-9  Jhvay, AP B B 4 AR A oM 3 (p<0.0D) . 5
Rimpata & CiEMRISNT TR LU, =R 24 /N BRI Caspase-9 . Caspase-

o y Y i 47 HE L % KA G5

W3 BT AL L S A R RS R CIRE IR R A S

JHY Caspase-9-Caspase-3 Mt AN G Z Cifhy  oocP<001,p<0.05).

#3  BHEA X ESIH Caspase-3, Caspase-9 R AU AE CIG KM

Table 3 Effect of Fangfu Formulass on Caspase-3, Caspase-9 and cytochrome C activity in spleen cells (xEs)
#2053l Groups Caspase-3 / (ng'mL™") Caspase-9 / (ng'mL™") Cytochrome C / (nmol-mL™)
X H& 2H Control group 2.98+0.03™ 1.49+0.01" 22.87+0.83"
157820 Model group 3.54+0.10" 1.62+0.03" 34.32+2.42"
&7 E2H Low-dose group 3.10+0.11%" 1.57+0.02%" 26.55+1.37""
¥ 2H Middle-dose group 3.05+0.02” 1.53+0.017 23.12+0.77"
f1 71l 240 High-dose group 2.98+0.02" 1.50+0.08" 20.90+0.18"

VE: SRR RS, p<0.05:™, p<0.01 ; SR HLEE, ", p<0.05; ™, p<0.01
Note: compared with the control group, *, p<0.05; *, p<0.01; compared with the model group, ", p<0.05; , p<0.01

24 [hiE4A 75 X BERR Bax, Bel-2 & P53 A RIA (p<0.01) ; AL EL e, = AN 25 245 20 /0N 53O R 1)

AT Bax, P53 R HRIA S W& TR, Bel-2 HHRIA W
Ry =RETE \El e
B 2 5575 , 560 T £ B , 46700 2/ 5B £ 5(% T;f E'ZE';S)JE SEANRAZURANRE
< , p<0. °
Bax,Bel-2 X PS3 (1 £ W HE R E g PP
(b) B Control
@ Co““ mode\ ow—dcﬁw ¢¢\6~°° g“.doee 15 E F"J&%ﬁ’
ow-aose
Bax | mme - -—| 21 kDa 3 Middle-dose

E= High-dose

Bcl-2 } R Se— | 26 kDa .
P | ——— 4 kD2

0.5

2 HAH/NRBE Bax Bel-2 ) PS3 H FIRIA :
(a) Western blot \ 7 % 2H /) BB Bax Bel-2 ¢ P53 8 F {1334 ; (b) BaxBel-2 &% P53 & (& & 7047 ;
5% AL AL, p<0.05;™: p<0.01; SHEHIZ HLAL, * 2 p<0.05 ;% : p<0.01
Fig. 2 Expression of Bax, Bcl-2 and P53 proteins in the spleen of mice in each group: (a) western blot showing expression of Bax,
Bcl-2 and P53 proteins in the spleen; (b) quantitative analysis of Bax, Bcl-2 and P53;
compared with the control group, “: p<0.05, :p<0.01; compared with the model group, *: p<0.05, **: p<0.01

Bax Bcl-2 P53
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Table 4 Effect of Fangfu formulas on T lymphocyte subsets in spleen of mice in each group (x*s)
2H 73] Groups CD4" /% CDS8" /% CD4" / CD§"
%t #& 20 Control group 53.10+15” 16.80+3.23" 3.16+1.47"
R0 Model group 14.88+5.83* 8.38+5.45" 1.78+0.46"
{77 =41 Low-dose group 42.45+3.32*" 16.33+0.58*" 2.60+0.03"
71 & 2H Middle-dose group 44.95+19.59" 16.64+0.78" 2.71+1.34"
1577 4 High-dose group 45.85+1.06" 16.73+0.88" 2.74+0.86"

E: xR, p<0.05:7, p<0.01; SRR H L, ", p<0.05; ™, p<0.01
Note: compared with the control group, *, p<0.05, “, p<0.01; compared with the model group, *, p<0.05; ™, p<0.01.

2.6 BriEtE7s X BR4AAE DNA 5345 RS20

FH P 3 R DL, RS i 0 R 1 R 200 P S B
B 20 M T b 11 B 28 o 4R L DNA 9338 + 4>
B . 3RS WoR, SR
/N B JER U 400 0 ) £ R DNA% , JE K AT OTM 2 i 2%

Control group

B A, A5 Y 20 A7) B 4H.

Model group

Middle-dose group

ETH(p<0.01) - SHEARLLALE , 45 25 2/ B AR /) S

High-dose group

B3 A 2H /IS P 2 A S

Fig.3 Plot of comet assay of spleen cells of mice in each group

RS FIBATTNEA/NFAELEE DNA B KR

Low-dose group

JUE 4 A £ 2 DNA% , FE KA OTM #5 FEAIC, Hh 72 40
AR B4 5N 2 35 (p<0.01) o 45 SRR B, 48 5] e
TR /N BT 40 s DNA 4544, 5] #2 DNA #5145
Byt 4 7 0 B A LR E R

Table S Effects of Fufang capsules on DNA damage in spleen cells of mice in each group (x+s)
2H 531 Groups Tail DNA / % Tail length / um OTM / um
X & 2H Control group 8.14+0.52" 9.10£1.07" 1.07+0.83™
FE 4] Model group 20.02+2.11% 20.60+£3.22" 3.76%1.65"
{7 2H Low-dose group 14.34+£2.51"" 14.80+1.89"" 2.29+1.36""
P37 & 41 Middle-dose group 13.81+1.87" 13.60+2.10° 2.10+0.82"
77754 High-dose group 18.76+1.66" 19.38+1.52" 3.85+0.91"

i SXRRALE,”, p<0.05;",p<0.01; SR LLEE, ", p<0.05;7,p<0.01
Note: compared with the control group, *, p<0.05, *, p<0.01;compared with the model group, *, p<0.05; ~, p<0.01
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Fig.4 Anti-apoptotic mechanism of Fangfu formulas decoction on spleen of mice with radiation injury
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