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Protective effects of Huanggqi decoction on heavy ion radiation (*C*) injury of the rat brain
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ABSTRACT To explore the effect of Huangqi decoction on Bax, Bcl-2, and Caspase-3 expressions in rat brain
tissues irradiated by “C* ion beam, 50 Wistar rats were randomly divided into five groups—normal control group,
radiation alone model group, and high-, medium-, and low-dose Huanggi decoction groups. After 7 days of routine
feeding, rats in the high-, medium-, and low-dose Huanggi decoction groups were administered Huangqi decoction
[18 g/(kg-d), 9 g/(kg-d), 4.5 g/(kg-d)] by gavage for 2 weeks . The normal control group and radiation alone group
were administered the same volume saline by gavage. From the 7th day, the brain of the rats of the radiation alone
model group and high-, medium-, and low-dose Huanggqi decoction groups were radiated once by 4Gy ""C*" ion. The
brain of rats in the normal control group were not radiated. The rats were anesthetized with 10% chloral hydrate (3
mL/kg), and blood was collected from the femoral artery 7 days after irradiation. To calculate the brain coefficient
with weighing, pathomorphism changes in the brain tissues were observed using hematoxylin and eosin and terminal
deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick end-labeling staining, and the apoptosis
percentage of nerve cells was calculated. Bcl-2, Bax, and Caspase-3 gene expressions in the brain tissues were
assessed using reverse-transcriptase polymerase chain reaction, and Bcl-2, Bax, and Caspase-3 protein expressions
in the brain tissues were analyzed using western blotting. The body weight and brain coefficient significantly
decreased; the apoptosis percentage of nerve cells had evidently increased; the gene and protein expressions of Bel-2
in the brain tissues significantly decreased; the gene and protein expressions of Bax and Caspase-3 in the brain
tissues significantly increased in the radiation alone model group (p<0.01). The brain coefficient increased in the
medium- and high-dose Huangqi decoction groups; the body weight and the gene and protein expressions of Bcl-2
increased significantly in the high-dose group (p<0.05 and p<0.01, respectively). The apoptosis percentage of nerve
cells was evidently declined in the medium- and high-dose Huanggi decoction groups; the gene and protein
expressions of Caspase-3 decreased significantly in the medium- and high-dose Huangqi decoction groups; the gene
and protein expressions of Bax decreased significantly in the high-dose Huanggi decoction group (p<0.01). The
result of histopathologic examination displayed sparse cerebral tissues in the radiation alone model group, with the
decreased amount of cells and enlarged interspace, while sparse cerebral tissues, the decreased amount of cells and
enlarged interspace were obviously improved, but it did not return to normal. The protective effect of Huanggqi
decoction against brain injury induced by "“C*ion beam radiation is achieved mainly by controlling the up-
regulation of Bax and Caspase-3 expressions and the down-regulation of Bcl-2 expression.

KEYWORDS Huanggi decoction, *C* ion beam, Brain injury, Apoptosis protein
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1 MRERE

1.1 4

SPF 2% Wister K 50 X, A& (180+20) g
MERES 2, 0 B H R A B2 KR L, SR
YR &S IES N SCXK (H) 2018-0005, fit
B EBYOK. e . ARsziggsimid Hikd
P 245 K 2R A L SIS AN TRZS D121 P24 o A

1.2 FERF

B AR R RN S 2 O sE BRI AL (R
AR AR AR, #5558: H7806580,
H7825350); B-actin, Bcl-2. Bax. Caspase-3 5575]
¥y & KO H N : B o-actin bR 5l W 5-
TGTGACGTTGACATCCGTAAAG-3', Size: 22,
N 51 % 5'-GGCAGTAATCTCCTTCTGCATC-3',
Size: 25, H Bt J¥ 105 bp; Bel-2 L5l 4 5
-CTTCTTCCAGATGGTGAGTGAG-3', Size: 22,
TUE514%) 5'-GTGGATGACTGAGTACCTGAAC-3',
size: 22, HWEBIKE 125 bp ; Bax LiF5 9 5
-GATGGCCTCCTTTCCTACTTC-3', size: 21, F
U 5l ¥ 5-CTTCTTCCAGATGGTGAGTGAG-3',
size: 22, 7B 96 bp; Caspase-3 U514 5
CTTGGAAAGCATCCAGCAATAG-3', size: 22,
T 51 % 5'-“ACTCAGCACCTCCATGATTAAG-3',
size: 22, FEXK B 122 bp ( LR 5 ¥
TaKaRa EAY T (Ki%E) ARAFKITHE
s Pt KR Bel-2 ik (3£ Gene Tex A Al ,
fit5: 42970); P KR Bax Pifk (E[E Gene
Tex A7), #t5: 39988); #Hpi K Caspase-3 #1
& (£EH Gene Tex 2~ #], #lt'5: 42753); GAPDH
ifk (£HE Gene Tex A#], #it5: 41323).

1.3 ZHYIRAHFI=E

PR T I TR 26 0 B H R T BE 2R
F IR, h 2R 2 AR R A AL
R S R R E AT RS E. MR H
30 gH . 15g#dh, 15gF%. 15g S, 15

FEFAT10 g R T2, AN im PR H &5 100 g/d,
IR S KR AR A BE S HRIE (100 gx
0.018x5=9.0 g/(kg-d)) TENHFIE, W EZE-
oL K B B 18.0 glkg-d). 9.0 g/kg-d) -
4.5 g/(kg-d).

14  FEUEE

5% E Q5000 & AT WA e (k
HAEREYRE A RA D) ; PCRIEAAL (L
H S E PR S A R AT ; 7500 %Y 52 3¢ € i
PCRy A (LM SRR H AR AF);
Western-blot 73 #71X (BIO-RAD); BX53 2 2
s CHABMRES A D,

1.5 A RALIE

SPF 2 Wister K H K. W& 1EE, %
BENLE 7 3R5 A N IE A, alifg i pi A 4,
Wi E. B RFIEL, F4l10 K. ER xR
AR AT H 25 TS R AR KEE, 3%
EZm. T KAEHA THRZES GlEN
18.0 g/(kg-d). 9.0 g/(kg-d). 4.5 g/(kg-d)), HEL:
7d. 58 RMEMETES 10% K &5 (3 mL/kg) ik
SN OO N W S S S N
BB RI%5 T 4 Gy "CY B TR BRI . EET
HR S 2 7 R 2 B i AR BT 22 0 B
AR O AU A% 0k 2 R YR T A b BT SE R
HRST I R R N PC B IR, BRI A S
ZICEk Y, RAFEXEG, WP dES s
N 165 MeV, LET 420 keV/pum, W i #) & %
N 4 Gy/min, HZS BB ERNGFIE, K5 E
N4 Gy. EHGEEHE TR ESHRKRAERE, K
PRI, AR, 7B, 4% 5 2H 23
%M.

1.6 ShFERE KRB E

IR T R E SRR E, Kk
M AR FE & 2H R B, FH AR B ER 7K g Fii 25 23 9 FH Wi
KA T FERRE, THE R R A R KW R
. (mg/g) =MifiE (mg) /KERAFRE (2.
17 BtARRIE N

PR E I R 4L 23R T AR 0 R OREIR s O e Je
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1.8 BRHLRHREEAARTNE

W 3 2 i 4H 2R R UK R i 5 FH TUNEL 457
ST, PUR IR K E S S R B
LY, BEALS LR 5 ASx100 PREF X 8L, &
AN WLEF X dE 2 D A 30 N gE L, 48 ] Image
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O T A A AT B AR T R
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1.9  fX4HZH Bel-2.Bax 1 Caspase-3 EEFIANE

i 25 24 RNA $2BUFH 4 °C 1 Trizol i 71, $2HK
J&a 5L BI B LI 5 RNA 7 & 1 OD,,/JOD,, 1] EAH -
RT-PCR 2% & AR M cDNA J&, LA cDNA Jy b it
ITPCRY SN,  HARSZEAT: 95 °CHARTE2 min,
95 °C 1 40's, 58 °CiB-K 50 s, 60 °CIE{H 2 min.
HANER, s RPN R R E A
S, PAB-actin AN ZE, HH 20 kREIR
FERA RIS &=

1.10  fX%H%H Bel-2.Bax #1 Caspase-3 & HRIENE

0 25 23 B E AR BUHT 4 °C Y RPMI AR -

BCA VA E & FE M EE &=, W Hra rIFEm A
SR RS 4 mg/L, HU 10 L 5 4x F A% vl
A, R EAEFEWREN 40 ng/10 pL. S A
2234 SDS-PAGE LK. e, 35 P E A5 T A2,
% $i K B Bel-2. Bax. Caspase-3 il GAPDH %%
—Pr4°CWE LR, TBST Yl 3~4 K, —H=HE
J¥E 2 h J5 TBST ¥eli 3~4 k. WAL ROGTHRAL S
KICEF . EJa ) Western-blot 20 1 4334T B A
KESMM . BE %W K EE H Image T BB Hr
AT S 8, B S AR IAKE=H
(125 1 25T (M K FEARL/ N 2 B 1 4R IR K A

.11 BIEMGITSAE

A S H e 22 15 SPSS 22.0 oAtk o0 #r . i
GERF “Xts” Fow, A2 82T T IER
F One-Way-Anova, p<0.05 WA &EFMHZER, p<
0.01 NH W B EMEZER.

2 R

21  BRAERBNE

P B AR A R R AR o R R S R
PR (p<0.01); HEEHT . mifl &4 KRN R
BEAE, HAHGREAKEREESR (@<
0.05), W& 1.

F 1 BAZYERE RN RSN SER

Table 1 The weight and the cerebral coefficient in each group

(Xzs, n=10)

415
Group

15 %] 8 2H Normal control group

AR A5 1 2H Radiation alone model group
17 17 2 21 Huanggi decoction high-dose group
#1224 Huangqi decoction middle-dose group
R EF = Huangqi decoction low-dose group

RIFE /g I 2%/ (mg-g™)
Body mass Cerebral coefficient
235.09+£19.917 7.50+0.77
174.37+17.02 4.84+0.48
224.34+21.73' 6.82+0.38'
198.44+15.18 6.61+0.33'
187.36+20.99 5.98+0.43

TE: p<0.05,2 p<0.01, 5 Falig SR T 4 b A

Note: 'p<0.05, * p<0.01, compared with the radiation alone model group.
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Fig.1 Changes of pathomorphological in brain tissue in each group: (a) normal control group; (b) radiation alone model group;
(¢) Huanggi decoction high-dose group; (d) Huanggqi decoction middle-dose group; (e) Huangqi decoction low-dose group
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Fig.2 Comparison of neuron apoptosis of brain tissue in each group: (a) normal control group; (b) radiation alone model group;
(¢) Huanggqi decoction high-dose group; (d) Huanggqi decoction middle-dose group; (e) Huanggqi decoction low-dose group;
? p<0.01, compared with the radiation alone model group

N W A O
o o O o o

Apoptosis rate / %

-
o o

060301-5



P S BN B R (PCO) A UK BB 4 £ 1 DR

3 B 2H K RN ZH 2k 0 A R TR (a) B N R (b) A S RSB A (o) B I S = AL
(DI A E AL (o) B KA G & 41
Fig. 3 Section results of brain tissue in each group by TUNEL stain: (a) normal control group; (b) radiation alone model group;

(¢) huangqi decoction high-dose group; (d) Huanggi decoction middle-dose group; (¢) Huanggi decoction low-dose group

2.4 fNZEZR Bel-2.Bax F Caspase-3 £ EFRIANE 0.0D);: HEZHH . = EH KN4 2 Caspase-3
FRIRIE B 2 PR, 3 B v 7 B 2K BRI 4H 21
Bax 5 [R5 1 55 325 I, Bel-2 2E K 3204 2.3 T
m (p<0.0D. W2,

B i A AR R 2 K BRI 2H 21 Bel-2 BE R Rk T
Z %K, Bax fll Caspase-3 & [KHRIELEZETHE (p<

F2 FZHFYRHEL Bel-2.Bax Fl Caspase-3 F:ERA KRN 4 R

Table 2 Gene expressions of Bcl-2, Bax, and Caspase-3 in brain tissues in each group (Xxs,n=10)

2H ) Bel-2 Bax Caspase-3

Group (24 (2 (2

1E5 %F & 2H Normal control group 2.67+0.412 0.350.06 0.27+0.09°

B 21l 4 B A5 780 21 Radiation alone model group 1.05+0.07 1.08+0.02 1.03+0.05

B iR 2 Huanggi decoction high-dose group 2.03+0.15 0.44+0.07% 0.44+0.05

P B T 24 Huangqi decoction middle-dose group 1.10+0.17 1.05+0.20 0.46+0.11°
WG E 4L Huanggi decoction low-dose group 1.04+0.19 1.27+0.15 1.12+0.17

TE:2p<0.01, 5 Falifg AR 20 L
Note: * p<0.01, compared with the radiation alone model group.

2.5  f¥2HZNBcl-2.Bax# Caspase-3 B FRIANE (P<0.0D; WEZHYH . mfl &4 K KA %A

N N o C BEEFIEEDE R, HEm R
B B K RIS Bl B Ry COpased MPRIRRR R IR, 31 mi AL
o - e e NN Bax B ARIA R WM EE R, Bel-2 &
2 [FAIK, Bax Ml Caspase-3 H I RIA & B E T 5 T
HAEREEEZETE (p<0.01). WE3IMEA4,
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£33 BAFVNLHL Bel-2.Bax Hl Caspase-3 A K EE RIS R

Table 3 Protein expressions of Bcl-2, Bax, and Caspase-3 in brain tissues in each group (Xxs, n=10)

2H ) Bcel-2 Bax Caspase-3
Group (OD) (OD) (OD)

1E %5 % #8 2H Normal control group 0.87+0.09? 0.13+0.01? 0.32+0.04
Bl SR 4 Radiation alone model group 0.35+0.05 0.560.04 0.69+0.09
R = 7 4 Huanggi decoction high-dose group 0.45+0.03' 0.21x0.02 0.40+0.08>
1S AR Huanggi decoction middle-dose group 0.38+0.03 0.54+0.08 0.47+0.05°
WA R R Huangqi decoction low-dose group 0.34+0.04 0.63+0.10 0.74%0.02

1 :'p<0.05, 2 p<0.01, 5 PR afidg S R 2 L%

Note: 'p<0.05, * p<0.01, compared with the radiation alone model group.

a b c d e

Bcl-2 ” G AR B s I

Bax | wnmes opud S e el
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GAPDH

P e G -

B4 KHSHYMZH 2 Bel-2 \Bax Al Caspase-3 £ [ #£iA:
(a)IE XS M2 ; (b) B Al S AR A ; (o) B 1 iz e AL
()7 PR () IR BT R4
Fig.4 Protein expressions of Bcl-2, Bax, and Caspase-3 in
brain tissue in each group: (a) normal control group;

(b) radiation alone model group; (¢) Huanggi decoction high-
dose group; (d) Huangqi decoction middle-dose group;

(e) Huangqi decoction low-dose group
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TR IR T B A I R A B AT SO R A, AL
PR IIAE T “8A7 e . M2
HRE AL AT FENAR IR, 3B A4 A K BB AT T
B, PHEAETEW. K, FEIAAK R R
SRR B AL M AR A R A 1 A
AL, o R 245 7 4 e S 4 A DARE o[BI AS L s ARk
B & MO o AVR . 37, B,
M+, WIHANE; Rk, mAAE, W IR
B: 224, JEImFRH: 3, s AZK
wooR, AN RN, AEEFRI . A SR KER
R, BRI IR, AR CIESRAEN, A
ANATF7, BRI A E

W FER W, R SN 40477 d 3 ) AR A R
i E T Y. Bax. Bcl-2 Al Caspase-3 J2& 1A #2410 g

T EZEREA. Bel-2 /28 T Bel-2 FIEMHE T
FH, Bax 2@ T Bel2 XK MRET-EA,
Caspase-3 /& Bel-2 e i 4R 4 i 44 1 4% 41 i o
LIS 2 R W = B € ¥ 5 VA N Y E e
W, 2 Bax 2 E Bax-Bax [R5 — SR 2 g i3t 41 i
FT:, 4 Bax £ Bax-Bel-2 FUF - B4R I <= 3171 i)
SHM TN EE R R A S R MU SZ A R )
Bax i FERIE, 1 EFRIAR Bax ol @it 28 ki iR 515
VIS U I Caspase-3, UK Caspase & A4 20 B
N, fEREZ B SR An R T Y {HE, EET
8 S TR ERF 32 00 L AR 52 45 4H 27 Bel-2 1) 3 B 3R
15, f# Bax 0¥k Bel-2 2 B IR B AR, MG
VLA Bax 8% X 2 KL AR R i Caspase-3 101 »
HE— B HE T Caspase IR IERS, A2 HEZ Hifi 40
AU YR T T,

AW FREER TR, 4 Gy Co 5 AR 5
W5, B Al G5 A 2 KRR A T i % i R BUAE
MR 5 28 7 R ¥ B BRAK,  IF H LM 2H 231 Bel-2
()RR Rk i F R IA AR RO 5 28 7 R B & 1%
%, TR 240 M TR B B3 i, Bax Al
Caspase-3 [ 2 [K] 3¢ 1K A1 85 1 3808 ) 76 BE 4 5 26 7
R ET . MAHLGURBILA RN, BajihE i
RUZHOK B A RPN B R, fh 2 At B S B sk /D
PR A0 MOAZ [ 2 . TR By, I R L TR B e,
SO B A BRI e . B PO TR S, T
T2AH G HE 1 Bax i B 3 14 1 Bel-2 i B 00 1) £ fi ik
2RI T IE BSOS . TS Caspase BB e B,
M AR 32 P 2H 23 1) i 22 4 i ke AR g T, i #E—2D
AR BTSN (LES.

T AE PCo B ¥ AR R BRI 20 23 2 miT Pl de 45 1
wERB T, SR, HrEh. &iflEd
(1) Fi 22 0 40 35 T vy, o 2L 2 4 0 B O T % PR
K, Caspase-3 M REAI R A E ARKIAYEE
FEAG; 28 087 i 7 s AL AR 0 5 S i 2H 21 Bel-2 1 2
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Fig.5 Pathogenesis of brain tissue irradiated by “C*"ion beam
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Fig.6 Resistant radiation mechanism of Huanggi decoction on brain tissue of rats irradiated by *C* ion beam
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