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WE.HB iS00 D A( Tanshinone 11 A ) 38 i = BEER ULEE 3 — 3t/ 25
WG B/ A% R LA 1 (PIBK/AKT/mTOR ) {5538 6 X Cs #0451 45 ( RTHD )
B BAAVE , JF 25T 3h ) S 20 M 523048 /s HLORAF AL, A I R T 2 48 v i v SR 1t
PRAMISIKIE . FiE Y IIRERH SPF KB/ B 51 43 S 25 O R A
FEHULH FISC IR 2H o AT FAIR X SR BRSS (KB 25 Gy, /MR 20 Gy ) #EN7 iU O
AR 25 N IR A IF H RS B B B 1E 7 MR, SE IR A S S 4R T i
SRR IE P A BB AR (1 mg/10 g) 1 JH . 20 Jf SE 9638 434
HOC2 .0 VLA L 43 > 1E % 4t M 2 75 S 400 400 4 R 245 0 Ak S A4, 3 3 o S A s
RIHD ZUAEAIAY, E % UMLE % 5557, 5 S BG4 B 18 3 55 5%, 29 b 3
HIEHRE AL wl - mL ' PR LA REBREN . Sh 7S W I (A B i A8 4k e o
JULZE ZR0055 S 27 AT 5 P Sre L0 e %o R BRI/ IS B Ch AR AL R AT I G 43 B, e A
] 25 5 3R R R SEiE I . AT 4070 & - 8 (CCK - 8) A I 4 i i 7,
A LI 58 S0 ( LDH) RS 30 1 IFAk 4 M RS2 497 , R 552 ) 8 o 2R 5 Al e S oz
(RT - qPCR) 3L FIEE 11 BT B2 3% ( WB) f il PI3K/AKT/mTOR 8 % 5C £ 5 (K 1l
A E 2(ANGPT2) M A 1 D1 (COND1) K il R Ak s B2 LB 3 — VAl
(P - PBBK) FIWIR 1L AKT 22K (P - AKT) B KA KF. R PR D
N, TG, 28 FO IR AR R 2 0 S 56 20 KBRS it 43301y (434. 37 8. 52) |
(341.61 £8.73) I (410. 13 = 10. 05 ) g; /15 B4 44 5 58 43 51 4 (30. 97 +£0.89) |
(26.24 + 0.86) #1 (30.96 + 0.87) g; AST 4 % K (159.92 +3.83) .,
(171.04 £2.63) F1(149. 63 £10.55)U - L™';CK — MB 433124 (219. 00 £5. 83) |
(455.42 £32.76) F1(248.36 +15.25) U - L™"; LDH 433k (677.20 £21.22) |
(864.63 +6.39) 1 (635.77 £22.72) U + L™'; BNP 4> %4 (29.37 £ 6.04) .
(241.69 +12.75) F1(134.23 £13.57 ) pg » mL ™" ; GSH 4331 71 (160. 73 +4.65) .
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HL(H P <0.001) . FELHMISEI e SRS 43T I, 72% 1) [R] 1 24 5
A (CREL 624 4~ /B 341 AN) 76 2 R Rl Fak s — 3, pr R SR A |
B4 (KEGG) & & 4 7 . 7% ANGPT2, CCND1, THBS1, COIAA1, FN1,
COIAA2 FH g 4T PIBK/AKT/mTOR @ (35 P <0.05) ,PCR 5 F 3B T a3
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Abstract; Objective To investigate the preventive and therapeutic effects of Tanshinone II A on radiation — induced
heart disease ( RIHD) through the regulation of the phosphoinositide 3 — kinase/ AKT/mechanistic target of rapamycin
(PIBK/AKT/mTOR) signaling pathway, and to elucidate its underlying mechanisms based on animal and cellular
experiments, thereby providing a theoretical foundation for developing targeted clinical prevention and treatment
strategies. Methods In animal experiments, SPF — grade rats and mice were respectively divided into blank control
group, model group and experimental group. A single dose of X — ray irradiation (25 Gy for rats, 20 Gy for mice) was
administered to establish the RTHD model. The blank control group received normal feeding. The model group received
normal feeding after modeling. The experimental group received daily intraperitoneal injections of Tanshinone I A
sulfonate sodium injection (1 mg/10 g body weight) for one week following modeling. In cell experiments, H9C2
cardiomyocytes were divided into normal cell group, injury —induced group and a drug — treated group. A radiation —
induced RIHD cell model was established. The normal cell group was cultured under standard conditions. The injury —
induced group was cultured normally after modeling. The drug — treated group was administered Tanshinone [ A
sulfonate sodium (1pL + mL™" culture medium) immediately after modeling. Body weight changes and myocardial
histopathological characteristics were dynamically monitored. Transcriptome sequencing was performed on cardiac apex
tissues from both rats and mice for joint analysis, aiming to screen for common differentially expressed genes and
enriched pathways. Cell viability was assessed using the cell counting kit -8 (CCK -8) assay. Cell membrane damage
was evaluated by the lactate dehydrogenase ( LDH) release assay. The expression levels of key genes in PI3K/AKT/
mTOR pathway, including angiopoietin —2 ( ANGPT2) and cyclin D1 (CCND1), as well as the protein levels of
phosphorylated phosphoinositide 3 — kinase (P — PI3K) and phosphorylated AKT serine/threonine kinase (P — AKT)
were detected using real — time quantitative polymerase chain reaction ( RT — qPCR) and Western blotting,
respectively. Results Animal experiments showed that after the intervention, the body weights of rats in the blank
control group, model group and experimental group were (434.37 £8.52), (341.61 £8.73) and (410. 13 £10. 05)
g, respectively; the body weights of mice were (30.97 +0.89), (26.24 +0.86) and (30.96+0.87) g,
respectively; AST levels were (159.92 +3.83), (171.04 £2.63) and (149.63 +10.55) U - L', respectively;
CK — MB levels were (219.00 +5.83),(455.42 +32.76) and (248.36 £15.25) U - L™, respectively; LDH levels
were (677.20 +21.22), (864.63 +6.39) and (635.77 +22.72) U - L™', respectively; BNP levels were
(29.37 +6.04), (241.69 £12.75) and (134.23 + 13.57) pg + mL™', respectively; GSH levels were
(160.73 £4.65), (330.38 £9.41) and (116.71 £11.29) U - L', respectively. All the aforementioned indicators
in model group showed statistically significant differences compared to blank control group, and all indicators in the
experimental group showed statistically significant differences compared to model group (all P <0.001). In the cell
experiments, joint transcriptome analysis revealed that 72% of homologous differentially expressed genes (624 in rats,
341 in mice ) exhibited consistent expression trends in both species. Kyoto encyclopedia of genes and genomes
(KEGG) enrichment analysis indicated that ANGPT2, CCND1, THBS1, COIAA1, FN1 and COIAA2 were primarily
enriched in the PI3K/AKT/mTOR pathway (all P <0.05), and PCR validation confirmed this consistent trend. In
vitro experiments confirmed that the cell viabilities in normal cell group, injury — induced group and drug — treated
group were (118.40 £8.63)% , (73.10 £6.12)% and (91.57 +8.08) % , respectively. The differences between
injury — induced group and normal cell group, as well as between drug — treated group and injury — induced group, were

statistically significant (both P <0.001). The LDH release levels in injury — induced group and drug — treated group
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were (1.03 £0.02) and (0.77 £0.01) —fold that of normal cell group, respectively. The difference between the drug —
treated group and the injury — induced group was statistically significant ( P <0.001). The relative expression levels of
P - PI3K in normal cell group, injury — induced group and drug — treated group were 0.92 =0, 0.76 +0.01 and
0. 85 +£0. 02, respectively; the relative expression levels of P — AKT were 0. 79 £0. 01, 0. 70 £0. 01 and 0. 76 £0. 01,
respectively. The differences between the injury — induced group and the normal cell group, as well as between the
drug — treated group and the injury — induced group were statistically significant (all P <0.05). Conclusion Tanshinone
[TA mitigates radiation — induced cardiac injury by activating the PI3K/AKT/mTOR signaling pathway, upregulating key
phosphorylated proteins (p —PI3K and p — AKT) , reducing radiation toxicity and enhancing cellular viability.

Key words: Tanshinone [I A ;radiation — induced heart disease ; phosphoinositide 3 — kinase/ AKT/mechanistic target of

rapamycin signaling pathway ; transcriptome
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INBWIFET . REETT I , Se B B O . 7 BDRE
O JIE BT A AR B K b R R DL S Bk B M
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2.2.1 #HpaiEsE"
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bovine serum, FBS) il 1% X0 1) 58 4 155 F 5k, 16 5514
37 C 5% CO, M RFFRAE £ 37 HOC2 .0 ILAH L
B2 HE 1 YOp R IR A
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AP ss T SR E 6 Gy 1Y X HHE it . wEmbiss
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LA GERREATESIR (10 pl - mL™") o 4REEHEFE 48 h,
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TS 1 R0 M B, 87 ik St B 96 LAk Al &) 4



76

v T R 25 PR gk R

A2 ML 2026 4F 13 (SR 447 1)

JL, FLAR A Bl PBS 200 WL & 12 B 1k A 75 %
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T LA AN ] 2 51 %) At AR AR S TR K 3R AR
Hhaker B 5% 48 h, [ & fL i A CCK - 8 35
10 pL, B3R 40P W F 1 ~4 ho FH A5 ORI 45 L
75 450 nm AL IOGE L, A6 5 AL 2 {E
FIZ AT 55025 20 40 0 A 185 Gl 0 0 B KRR Dl A
MG A (%) .
2.2.4 ZFB&Pi S ES (lactate dehydrogenase, LDH) iz
FIZRW AN LDH &8

S 4% ARG 55 9% 135 F 1.5 mlL EP v,
ZEIRLLT 1000 ¢+ min ~' B0 5 min, $EZEELE] A
TE 96 LA I & 1250 5 , % IR ACE 5 min, A AR
A E450 nmib 6% B, REH I3 SR ALIF1Y
o MR AT A A M5 5% g b LDH By &
o IRZLUAH X T OE H A0 i 4 B R B Ak (fold
change) F /R,
2.2.5 ZMRAEEFEERRAEERE (quanta-
tive real — time reverse transcription polymerase
chain reaction, RT - qPCR) ;% il £ 5 & & & #y 18 Xt
FRikkEN

F Trizol IEFRIUE RNA, $2ITE MU , B RNA £
a2 L A AR EE AR EE . DLEL RNA AR g R Al , 30
¥k cDNA JEATH 48 . SCER Py 51 9y b b5 B 4
PARARA BT B PL B~ actin NS AT
PifE A, JE R 3% 35 0 3 F 5 Oy Bk AR N TR
(2788, PIEEAF:95 CHAEYE 10 min,35 ~40 4>
FEFR ;95 CASME 15 5,60 “CiE K 1 min,

R1 REMAPHRACA LR (2 +5)

Table 1 Comparison of rat body weight changes(x +s)

2.2.6 EBEARELEEENXBEEGREES

R SN - S B e R S R = - = B
HLUK 7 B3 )5 ¥ % 2] PVDF JBE AR W Ry i 161 1.5 h
JEA —$t (1: 1 000) 4°C i F &, b J5 — 4t
(1:3000) & 1 h; o &5 & W 8OROGIR, TEL Y &
AR R MG . Image J 31443 A 454 K B2
{E, LA GAPDH SN2 W #1710 — L ab P
3 GZritEseE

FH SPSS 23.0 & R 4. 3.3 #4475 1107 11
ORI & 25 FOR AR FLE ST REAS ¢ K0 B%
SRS AT E A biomaRt A0 K R 1D #446
/N E AR FNESE R, T DESeq2 4 46 22 7 28 35 5
PRI [ i 26 4 M < log, (FC) >1 H FDR <0.05 ], 38 i
clusterProfiler £ 47 KEGG 38 % & 5087, ZdEn] fi
1L ggplot2 4,

# X

1 X SIS 1A L8 RIEREH M

TS U H R, B 2 R B B/ B BOR e 2=
JRE T Bl b B A ROK R R A R B R P oA
1 UNRAESEI E I A B A S8 T, 28 R R S/
BUEIES  WG3h B0, B A KT i§ ol B 2
553 ~4 J] A RRYZE BRUN AR B I 7 L RR S R R
BRI B e B W B AL o B A BRER A 2 Kok
3 A R BRSO, A BB R AR o 1 i I
FINTFZEAGL(P <0.001) , SR A A i H8 i o 25 25
TR (P <0.001) , WAL 1 A1k 2,

Time ( month ) 0 2 3

Control ( g) 232.98 +6. 82 279.91 +10.91 365.22 +13. 1 434.37 +8.52
Model ( g) 241.6 4. 38 248.19 +6.95* * * 283.05 £9.67* ** 341.61 £8.73* **
Experimental ( g) 239.22 +8.78 282.27 +10. 36*#* 350. 69 8. 47*# 410. 13 +10. 05**

Control group: Normal feeding; Model group: Normal feeding after irradiation; Experimental group: Administer Tan [I A continuously for one week after

irradiation ; Compared with control group, * * * P <0. 001 ; Compared with model group,™* P <0. 001.

K2 PEARBUR R LR (2 +5)

Table 2 Comparison of mouse body weight changes(x +s)

Time ( month) 0 2 3

Control ( g) 20.37 +0.78 25.2+1.27 28.24 +0. 81 30.97 +0. 89
Model (g) 21.39 +£0.77 22.65+0.97" " * 24.97 £0.85" * * 26.24 £0.86" * *
Experimental (g) 21.25+0.75 24.77 +1. 06*# 27.44 + 1. 24" 30.96 +0. 87##

Control group: Normal feeding; Model group: Normal feeding after irradiation; Experimental group: Administer Tan II A continuously for one week after

irradiation ; Compared with control group, * * * P <0. 001 ; Compared with model group,** P <0. 001.
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IR 45 5 P S0 1A AL A0 M SR B, I Ak 16 A
— G, WL 1,
3 HRABESTEH

X RBR L/ BRGZE AT ] U5 3 R DC I i R B, 72 %
) R BRI PRI oy ke 5 3] /N BRCEL R [RD U i s X [
U5 22 SRR AT 404, RERAL s, 5% LA L,
BERIAH g 624 > (_EJH 340 4>, T IH 284 4>) [F]
T 2= 5 238 mRNA/NRAL R, 5 X BEALAR L, B
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&3 3 4UPRUMIEIEFRKCER LR (x £5)
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N PN 25 S I B 4R 7E PIBK/AKT/
mTOR Z5{5 51 % .
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FH CCK -8 5231 LDH Bk FiPAl X 5tk xf
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Table 4 Comparision of cell radiation toxicity testing

Group CCK-8(% ) LDH( fold change)
118.40 +8.63 1. 00

73.19 6. 12** * 1.03 £0.02
91.57 +8. 08" 0.77 0. 01

Normal control
Injury model

Drug administration

CCK -8 :Cell counting kit — 8 ;Normal control group : Cultured under normal
conditions ; Injury model group: X — ray damage; Drug administration :
Administer Tan Il A treatment immediately after X — ray damage ; Compared
with normal control group, *** P <0.001; Compared with injury model

group, " P <0.001.

Table 3 Comparision of serum indicators in mice among three groups(x *s)

Group AST CK - MB LDH BNP GSH
Control 159.92 +3. 83 219.00 +5. 83 677.20 £21.22 29.37 £6. 04 160. 73 +4. 65

Model 171. 04 +2. 63 455.42£32.76** * 864.63£6.39* **  241.69+12.75°**  330.38x9.41***
Experimental 149. 63 £ 10. 55 248.36 +15. 25" 635.77 £22. 72" 134.23 +13. 57" 116. 71 = 11. 29

AST'; Aspartate aminotransferase ; CK — MB ; Creatine kinase — MB; LDH :Lactate dehydrogenase; BNP ;B — type natriuretic peptide ; GSH ; Glutathione ; Compared

with control group,

Control

\ (:‘ymplasm A

Ly\oplasmn. foosemng

*** P <0.001,Compared with radiation group,** P <0. 001.

Model Experimental

d Dlmrderlyarmngememul
3 m)'ocardlal fibres '

“Cell W\clhng and necrosis

. 2

= PHEL (HE) SR EA T O MERT BRI 7 G €734 (400 x )

B1 JRAK
Figure 1  Heart pathological section staining analysis detected by hematoxylin eosin( HE) (400 x )
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Figure 3
kinase/AKT/mechanistic target of rapamycin( PI3K/AKT/mTOR )

related protein detected by Western blot
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Relative expression levels of phosphoinositide 3 —

A Transcriptomic validation B Correlation Analysis
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Figure 2  Validation of sequencing results
A :PCR verification of key gene expression; B:Trend consistency analysis.
%5 PIBK/AKT/mTOR j#i F§AH 3¢ 2 H F ik e Il
Table 5 Detection of PI3K/AKT/mTOR pathway — related protein expression
Group PI3K P - PI3K AKT P - AKT mTOR PDK1
Normal control 0.93 £0.01 0.92 +0. 00 0.81 +0.02 0.79 £0.01 1.07 £0.01 0.80 £0.01
Injury model 0.93 £0.01 0.76 £0.01 " 0.77 £0.02 0.70 £0.01 * 1.11 £0.02 0.66 £0.01 "
Drug administration 0.91 =0.01 0.85 +0. 02* 0.79 +0.01 0.76 +0.01* 1.08 =0.03 0.70 =0.01

Compared with normal control group, * P <0.05; Compared with injury model group, *P <0. 05.
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