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[ Abstract]

to the special anatomical location of the heart, radiotherapy inevitably exerts adverse effects on the cardiovascular system, causing

Radiotherapy is widely used in clinical practice as one of the main treatment modalities for thoracic malignancies. Due

radiation-induced heart disease (RIHD). Clinically, no effective drugs are available to prevent and treat RIHD, and the side effects of
Western Medicine are obvious. However, Traditional Chinese Medicine has shown great potential in its prevention and treatment.
Therefore, this article summarizes the progress of Chinese Medicine in the prevention and treatment of RIHD.

[ Key words] Traditional Chinese Medicine; radiation-induced heart disease; prevention and control

This work was supported by the Regional Scientific Foundation of the National Natural Science Foundation of China ( GZK-2018-42) ,
the Scientific and Technical Research Project of Gansu Province (2019-0204-GJC-0006) , the Talent Innovation and Enterpreneurship
Program of Lanzhou (2018—=RC-72) and the Postgraduate Innovative Scientific Research Project of Gansu University of Chinese Medicine
(LCCX2021007).

Corresponding author: Xie Ping, E-mail : pingxie66@ 163. com

ST (radiotherapy , RT) /2 I % 14 i g 3 2236
J7 Bz — {5 RT B OO EH 5 (radia-
tion induced heart disease, RIHD ) & ji§ A i3 [y B
B AR MR BIEY R 22— ™ 5 i T
AAERER) L I B i ) 5 R A T R A 7
FROK, FLIRE B AT A R B DR YT AT
GRS B RIEDY Y 52k 8 K0 A O LA 2
JEEFSEEAR B Dk 55 | PT B SRR PR O AR | Bk il

s BER . 2022-08-24; ¥ZHHEA. 2022-11-07

UL O 7 T 08 RS O 8 0 B 2K A
Az RN — | AT & A 50 55 SO 2 5UE,
L XL AR 5 S P DRI 500 M 174 283 5 o 252 T A
., Wang 25005t 126 151 3 J1AE/IN 20 it i 9 He 25 30t
TR 14 B, A 23% MYl B4 78 RT
J5 26 N KA O AR BEE ELOIE 2R S )
SRR O I N R R A R A A ) [R] R
0, A AR AZ BT R E R A O IS

E£WAB . HEKARPAES X BRI 4 (GZK-2018-42)  Hl & HbrRHE & /B8 H (2019-0204-GJC-0006) ; 22 8 A A BB AL 5 H

(2018-RC-72) ; Hll B 24 k5% AR B3 45 (1.CCX 2021007 )
WE1EHE ;. W, E-mail; pingxie66@ 163. com



<462 - WIEBFZAYEDORSGE 20234F6 H 28 H 5224 %5 6 Chin J Mult Organ Dis Elderly, Vol.22, No.6, June 28, 2023

R AR U Sy 2. 2~7. 210

H T, T8 RIHD f A 000 7 i 02 ] 22 4 1Y
RT BB A0 e 32 B 5 ) 50) B, TR RIHD 1Y
KA ARk, BT M E R B RT 4R £ 2%
A = 4 1E B ST (3D-conformal radition therapy,
3D-CRT) . ¥4 5% it ¥7 ( intensity-modulated radiation
therapy, IMRT) . 25 FR 9K JE 5 98 Y7 ( volumetric
modulated arc therapy, VMAT) %, HH IMRT . VMAT
DEHE RT H A v 79 b S DX 5 e o DX 3l vy 2
G AR IR B N B S e s B AT R (H AR
e, BR A T HAE NG IR A Z ], 3D-CRT J&)
R A R i, RS I R, O B R R R
Jr 2 HEWE IR, 7T % RIHD' . AT, RIHD
W TG RGRIT 250, SR, AR R TP BE 25 IR 0 i
EEIRIE RO BER I Z — NI, A SCE 4,
i 2 276 RIHD 357 AR

1 RIHD % J®H#I

1.1 FAERZE R

L1 SVERIE SN ity SO NA
LI 5 P 48 (reactive oxygen species, ROS) ) 7 i &
TRIBE I, FTHE 1 A B 3 25 F-4iF , ROS W] L) et 4
20 % , 30 T 5 0 240 i e 22 b AR B R Gk
FREEIERR ) EAh , ROS FE AR N 5 (5 1, =
559198755 4 95 2453 A6 8 11 P (mitogen-activated
protein kinases, MAPKs) F1#% A+ - kB ( nuclear factor
kappa-B,NF-«B) 7 N ({5 5 3 #, {2 37F 2 4iE F 5 il
BB o3 BRI, 3 — I S AE SO, PRI, e S 40
LA~ Ak R 7 RO RS ROS SR AR 15 in % VT AH
5, M ROS BRIRSEAN Sz ask ok M sh w1 & Jie I Il
SEMEAEIRT R S I A R A A A
OB AT AR AR B, RT AT 5 35000 M 76 200 1 45 N B2
YAEIGTE P S AR S0 WLAH M R4
(7] Fsf M S0 J I A B A A A A AR R IR 2
B F I 1208 3 L SR AE
11,2 HELASFHETS AR SHnT iS40
S AN T A, 0 SRR 5 A T I 3L
(endoplasmic reticulum stress, ERS) 33 7] 175 A& 41 ffd %
AR T, SR TS T BUEE RNA B
1525 1B AL N T Y K B ( double stranded RNA-
activated protein kinase-like ER kinase, PERK) /il
YIFHPTPERE B 1 (inhibitor resistant esteras-1, IRE1)
N AL F% 5% [H F - 6 (activated transcription factor-6,
ATF6) 2 PN 5T I 1 1 — 25 (5 5l i i 240 1

7EAE ERS &4 T, LR 3 A4 SCHEHN A 4 4k T AR 1k
RAS . O LA A 3Z 3 56 2 AL T ERS RS, 3
o3 F- 5 EEELS A 8 H (immunoglobulin heavy chain
binding protein in pre-B cells, BIP) i & I3 , i I
R 3 SRAR M L R BOE Sx it — D WO U T O
i ghi i m ™, DR IR S 2
SRR ) PS5 OO AR A5 5 1 AR B, S B R A
PR A, M A K C RS B A0 M o, O AR O T AR
P, (RS, SRR A RS 375 1 38 0, SO ik | RS 25 1
b, SRR E R TR o F MR S A T
HERR O LA A RS ZS O H B 55 40 i I T FTIR A
SAEWAT HEVIRC, EHRLIES T, AR god
JEE O | A SR 5 W SR RS A e R
113 1@ rkerdedt Hidm sz 19 2 Fhageili,
(1) B —BR A2 15, 3 B2 i AR R S 1k 0
Ak R/ NS PR ZE R ER i LSO, s JILET
Ak RE ™, (2) B FA e, R R Bt
21755 ROS K™ A, Jf5 A 3 , (2 fifi 4t i 14
T W, T B A 2T 2 Ak m BR L Ak A K - B
(transforming growth factor-B, TGF-B)/Smads #% I ,
S BT 2 20 M o S I F A5, 40 R AR
AT A A A A PR 1, (450 JULTR] BT S 27 4 TR
Bt
1.2 HPERZE R

LI B2 2 A A e A TE SO R 55 , AP AR eIl
MTAMUAR, BRI, LA Z 3 L0 A A
IEACHNIIIL, BOH M, LEERT, SORT7 WA
SFRHEEBAFR S R K, PR AL, O
BEPEXTRL T ORI JOE , b R BLLL O e g
AR Z L RN W = ) RS L AT,
RMREFIE , & Z R, K2 DTN, BEIE Y DL S
W RZ, GRMSEREIAN 2 , IR0, i 4542k
AR, PO, BORYT 2 PR R IE

2 TR

2.1 ASFEAX RIAD B7ZIEM

P FIR T (AR AR RLL) RN h 2y P12
TR IR TR &, F R ZE o PSS  A fig
Y ToK, RESE LR 2 Dk g e, ekl X LY
WS ARG S Jry BB AL i, e kA O L A R 2L, 2
e U LT R AU 7, 90T L/ DA 2R 4 et il A TR ok,
FE—E R T IRRERE s O LR 1, FES LA i
PR AN S H HTARAS 2 ml: 10 mg, B H 40~80 mg, Ifi
PR L8z 38 O A RGN , it O O



MR ZARLZONEPRZGE 203 4E6 H 28 H 5524 %5 6 Chin ] Mult Organ Dis Elderly, Vol.22, No.6, June 28, 2023 - 463 -

-, ., ..

Tonizing radiation

~<IGF-B . FGF. WES

Ca**unbalance

mi 0on

N
Myocardial fibroblast cell proliferation
and increased deposition of collagen
fibers

) I ventricular remodelin;
apoptogis evolve g

myocardial fibrosis

Chronic fibrosis stage

! .V—

Z\ROS/RNS

3 Heaﬁ
death
apoptosls

Cardiomyocyte
Acute inflammatory stage
E1 RIHD AIEEHLHIREE
Figure 1  Schematic diagram of possible mechanism of RIHD

RIHD: radiation induced heart disease; ROS: reactive oxygen species; RNS: reactive nitrogen species; TGF-B: transforming growth factor-B;

FGF . fibroblast growth factor; MMPs: matrix metalloproteinases; ATP: adenosine triphosphate; CytC: Cytochrome C; ERS: endoplasmic

reticulum stress; IL: interleukin; CTGF: cytokine-transforming growth factor; VCAMA-1; vascular cell adhesion molecule-1;

NF-kB: nuclear factor kappa-B; MAPK: mitogen-activated protein kinases; JNK: c-Jun N-terminal kinase.

KH 0T OV SE S R BhIAYTY L AR
LHBRAERIFST 28 B PSS 0 nl 3 kT i SR AL R 3 20 B
TR B RETA & 1) HOc2 LU i B 7
2R pE AR U ST ST 2 W T 10 ) 5 A AN 4R R
P, PR TR PRI AR 45, H AT, RIHD AR Y7 8 6
AROBITY), WA SR AR EL G h =2, T
2T A B B A BG YT, HERIER /N, B
HIAA 55 22 WF 53 T0E 52 HG s 1L 48 38 LS 5 (18 DR
LI TS PR O R 4 45 ) B B (0 i B IR T
RO, UL, P ERAE NG R FBE F1E YT RIHD J7 1H
BAB &R ML,
2.2 EERAHIRIT RIHD F7 M

WA NKK R B 58S A4 R F I
LR N, o R O A KO A R R R IR T
CAMEFEREF R e ), A 2 A HE, SKBH IRV 2 2
R LA R O LIS ) | RO ARG B
B SR PR B 2% 7 A5 T Ak, RS AR KR I AR
10ml, HIk, & H 3 K, & H Tt o LR 2k
T EEE 560 I SR A A Bh IR T Y L ARk,

A WFIEIE S B AR DK R 150 B g B8 T Ay 7 JS 175
R AN B R IR T o B AR, Bk
AU EIE S B B A IR R U A S e S 10 U
P00, ) g IR £ A Al B A 2 3k, 0 o) It T
TEC U] BRI 475 & i 27 4EAL )
PRAERR B B T 2 B R A I PR e
TGF-B/Smads Fl1 % it 43 J& & H [ ( matrix metallo-
proteinases , MMPs ) 38 [ 2 35 73S 1 O WLEF 4E 4k,
PR, FRATTIA Sy 5 BE A DK PR TE B i RIHD 1Y [R] i
A LA S ) R AT T B AN B,
2 iR L el N | = N == e S
MO BT B AR S B, A R AR R ARUR T
iAWk, o B AL e b 25 52 5, 245 ) 9 R AE
AN IRAFRGEHARYT RIHD (AT RRAIL 2 A 55 5 1
WFRHEL
2.3 SRHKIEFHKRI RIHD BB ME

2 B HR TE T SR H 5 2 R I 1 T A
X PR P2 T Ab R 2, Hohse 2 A R b 25
AR IR Ak, B B BN RUSR I 2 T RL



<464 - HIEEFZINEIIRAGE

20346 28 H % 2% 5561 Chin J Mult Organ Dis Elderly, Vol.22, No.6, June 28, 2023

FLRME 7 F ki, — ik 250 ml (1 ) , B H
IR ITHRE 21 d; 7EARYT AT 3 d FFLREE T, SF R T 5
HARYY FIZEE5 3 (51 B 25 & B A5 ) | 32 238 I iE
Sy i AL B R B R = ) AR L B TR
T, SCERIFFE R W, (f 2 54K E T 59 vT W
R AR PR SO T 85 A 0 22 8 ) A R AT
il LA 26 1 B T K g S T s A
WFoE s R — 2, 5% %58 5T meta 07 K S
BEHR I T SR A7 i B0 A S B N 2 A
B IR AR . AR I SC T B BH A9 b 2 R AL
il , RIHD i 1E MU 55 , B, G714
DIRIE 28 50 £, W I, 2 8k 0E 1 AR )T
RIHD HA T Z Hi &,

3 NEERE

RIHD 154 bR 27 5 0 138096 27 T i A= 1)
S SCEAR , FE I PR AN I T H RTPG BEIRYT
T A RIERB S, ek, hELZ T
O LA 95 9 D B o0 L A 56 58 U I 19 4l B 3
I7 TR O B3, R SO T I S 2 A D) SOk
Je I BRI 0 o0 T 483 405 1 F 5 AR | B BIL
LA P E AR, RATHI 245 T BE 23R
7RO BE R A DL (1) v B2 25 3 RIE A 4%
INEAREBOR  (2) 255 7 E RIHD B iR 1
FETES —XF 27 K1 2 5 A W EH , =X 46 (R
P B ARIRI TR S (3) # o b 25 Bh
PE LR G Ty SR Ay YT A, B —
FEAER

25 b EZSIEYT RIHD W1 B KR B A3 5
FERATEZR RIAD 195 B A= BEAL I A9 [ B, 7R R 5
W B 25 B iA A FH I BIEE, 28 EH AT#E RIHD F 5%
7 1T 9 R B R b B 2 A7 R0, hy & 24 3 4R
M T

[ &% 3Hk]

[1] Wang HR, Wei JL, Zheng QS, et al. Radiation-induced heart
disease ; a review of classification, mechanism and prevention[ J]. Int
J Biol Sci, 2019, 15 (10): 2128 - 2138. DOI.
ijbs. 35460.

[2] Holmboe SA, Vradi E, Jensen TK, et al.

10. 7150/

The association of
reproductive hormone levels and all-cause, cancer, and cardiovas-
cular disease mortality in men [ J]. J Clin Endocrinol Metab,
2015, 100(12) ; 4472-4480. DOI; 10. 1210/jc. 2015-2460.

[3] Sarkozy M, Varga Z, Gaspar R, et al. Pathomechanisms and
therapeutic opportunities in radiation-induced heart disease: from

bench to bedside[ J]. Clin Res Cardiol, 2021, 110(4): 507 -

[9]

[11]

[12]

[13]

[14]

[15]

[16]

531. DOI:; 10. 1007/500392-021-01809-y.

Gokalp S, Tanidir IC, Ozturk E, et al. Radiation dose reduction
in congenital heart disease patients during cardiac catheterization
by a novel protocol[ J]. Turk Arch Pediatr, 2021, 56(4) . 332-
338. DOI:; 10. 5152/ TurkArchPediatr. 2021. 20068.

Wang K, Eblan MJ, Deal AM, et al. Cardiac toxicity after radio-
therapy for stage Il non-small-cell lung cancer: pooled analysis of
dose-escalation trials delivering 70 to 90 Gy[J]. J Clin Oncol,
2017, 35(13) . 1387 - 1394. DOI. 10. 5152/ TurkArchPediatr.
2021. 20068.

Schaapveld M, Cutter DJ, Janus CP, et al. Radiation dose-
response relationship for risk of coronary heart disease in survivors
of Hodgkin lymphoma[J]. J Clin Oncol, 2016, 34(3): 235-
243. DOI:; 10. 1200/JCO. 2015. 63. 4444.

Moro C, Jouan MG, Rakotovao A, et al. Delayed expression of
cytokines after reperfused myocardial infarction : possible trigger for
cardiac dysfunction and ventricular remodeling[ J]. Am J Physiol
Heart Circ Physiol, 2007, 293 (5): H3014-H3019. DOI: 10.
1152/ ajpheart. 00797. 2007.

Boerma M, Sridharan V, Mao XW, et al. Effects of ionizing radiation
on the heart[ J]. Mutat Res Rev Mutat Res, 2016, 770( Pt B) :
319-327. DOI; 10. 1016/j. mrrev. 2016. 07. 003.

Carr ZA, Land CE, Kleinerman RA, et al. Coronary heart disease
after radiotherapy for peptic ulcer disease[ J]. Int J Radiat Oncol
Biol Phys, 2005, 61(3): 842-850. DOI: 10. 1016/j. ijRobp.
2004. 07. 708.

AnJ, LiP, LiJ, et al. ARC is a critical cardiomyocyte survival
switch in doxorubicin cardiotoxicity [ J]. J Mol Med ( Berl),
2009, 87(4) :401-410. DOI; 10. 1007/500109-008-0434-z.
Salata C, Ferreira-Machado SC, De Andrade CB, et al. Apoptosis
induction of cardiomyocytes and subsequent fibrosis after irradia-
tion and neoadjuvant chemotherapy[ J]. Int J Radiat Biol, 2014,
90(4) : 284-290. DOI; 10.3109/09553002. 2014. 887869.

Hu L, Wang H, Huang L, et al. Crosstalk between autophagy and
intracellular radiation response (review)[J]. Int J Oncol, 2016,
49(6) : 2217-2226. DOI.; 10.3892/ijo. 2016. 3719.

Uehara Y, Murata Y, Hosoi Y, et al. NSAIDs diclofenac, indome-
thacin, and meloxicam highly upregulate expression of ICAM-1
and COX-2 induced by X-irradiation in human endothelial cells[]].
Biochem Biophys Res Commun, 2016, 479(4) . 847-852. DOI.
10. 1016/j. bbre. 2016. 09. 120.

Xu JZ, Zhang P, Chen Y, et al. Sodium tanshinone Il A sulfonate
ameliorates cerebral ischemic injury through regulation of angio-
genesis[ J ]. Exp Ther Med, 2021, 22(4). 1122. DOI. 10.
3892/etm. 2021. 10556.

Zhou D, Yang WK, Zhang YF, et al. Sodium tanshinone II A
sulfonate prevents radiation-induced damage in primary rat cardiac
fibroblasts[ J]. Chin J Nat Med, 2020, 18(6) : 436-445. DOI:
10. 1016/81875-5364(20)30051-0.

Zhang W, Li Y, Li R, et al. Sodium tanshinone I A sulfonate



MR ZARLZONEPORZGE 203 4F6 H 28 H 552 % %56 Chin ] Mult Organ Dis Elderly, Vol.22, No.6, June 28, 2023

- 465 -

[17]

[18]

[20]

[21]

prevents radiation-induced toxicity in H9¢2 cardiomyocytes [ J].
Evid Based Complement Alternat Med, 2017, 2017, 4537974.
DOI. 10. 1155/2017/4537974.

Wang G, Ma L, Wang B, ef al. Tanshinone Il A accomplished
protection against radiation-induced cardiomyocyte injury by regu-
lating the p38/pS3 pathway [ J]. Mediators Inflamm, 2022,
2022, 1478181. DOI. 10. 1155/2022/1478181.

BIR, BT, WK, . PEFSE A XS PR 4 B
IATERIRSCIRRTIE[ 1], AU IR =2k, 2006, 15(1) :
50-54. DOI; 10.3760/j. issn;1004-4221. 2006. 01. 013.

Li GH, Li ZP, Xu Y, et al. Experimental study on the preventive
and therapeutic effects of tanshinone Il A on radiation induced
pulmonary fibrosis[ J]. Chin J Radiat Oncol, 2006,15 (1) : 50~
54 DOI:10. 3760/j. issn: 1004-4221. 2006. 01. 013.

MEAE, EEF. AR 25 50 )], Fk
24, 2000, 22(2): 162-165. DOI: 10.3969/j. issn. 1001-1528.
2000. 02. 021.

Tian GC, Wang AX. Preparation, pharmacology, and clinical
application of Shengmai powder[J]. Chin Tradit Patent Med,
2000, 22(2) :162-165. DOI; 10.3969/j. issn. 1001-1528. 2000.
02.021.

XUMEHE, ERTT, AR, A5 B R KUK AR R B Al
FIELT]. BT PEBES A 44, 2009, 18(16): 1961 -
1963. DOI; 10.3969/j. issn. 1008-8849. 2009. 16. 088.

Liu YJ, Wang FX, Hao JF, et al. Clinical application and basic
research progress of Huangqi Shengmai Yin[J]. Mod J Integr
Tradit Chin Western Med, 2009, 18(16) : 1961-1963. DOI: 10.
3969/j. issn. 1008-8849. 2009. 16. 088.

Bk, o, X0, A B A DRI B AR 5 0 BE
RAE-LFAAIROE L [J]. P2 SRR 25 B, 2020,
31(1): 29-36.DOI; 10. 13452/j. issn. 1003-9783. 2020. 005.
Duan YF, Gu J, Liu R, et al. Study on the protective effect of

Huangqi Shengmai Yin on radiation-induced cardiac inflammatory

[22]

[23]

[24]

fibrosis injury[ J]. Tradit Chin Drug Res Clin Pharmacol, 2020,
31(1): 29-36.DOI; 10. 19378/]. issn. 1003-9783. 2020. 01. 005.
o BEE R TR X 25 O LR AT 2 Al W 2 Ak AL 45 5
MR [)]. hERAEEAE, 2017, 37(22) ; 5485-5488.
DOI: 10.3969/]. issn. 1005-9202. 2017. 2. 001.

Gu J. The effect of total saponins of Astragalus membranaceus on
X-ray induced myocardial fibroblast fibrosis injury [ J]. Chin J
Gerontol, 2017, 37 (22) . 5485-5488. DOL: 10. 3969/]. issn.
1005-9202. 2017. 2. 001.

FIL, R84, fLERRKk, %5, 2 RCHkIE HESHR BT i o
JESROs I R [J]. WIrg P BE 2%k, 2012, 28(4): 4-6.
DOI: 10. 16808/j. cnki. issn1003-7705. 2012. 04. 002.

Yan BC, Su XC, Kong JX, et al. Clinical observation on the
prevention of radiation induced cardiac injury with Shengi Fuzheng
injection[ J]. Hunan J Tradit Chin Med, 2012, 28 (4). 4-6.
DOI: 10. 16808/j. cnki. issn1003-7705. 2012. 04. 002.

Fitz, BR24Fs. ONUILESE B TNT Ao i 8o DL s
MRFSEJ]. VP25, 2003, 38(3): 189-191. DOI: 10.
3969/j. issn. 1006-2238. 2003. 03. 017.

Wang HY, Chen XX. A study on the detection of myocardial
troponin TNT in radiation induced myocardial injury[J]. Jiangxi
Med J, 2003, 38(3): 189-191. DOI: 10. 3969/j. issn. 1006-
2238.2003. 03.017.

s, BRI, A2, 5. SRRIEESHRPIA 250 NE R
YR 25 BV LRI D ST [ 0], 2l 2020,42(9) « 2488~
2495. DOI; 10.3969/j. issn. 1001-1528. 2020. 09. 046.

He J, Li YH, Yu Y, et al. Study on the network pharmacological
mechanism of Shenqi Fuzheng injection in preventing and treating
drug cardiotoxicity[ J]. Chin Tradit Patent Med, 2020, 42(9) .
2488-2495. DOI; 10.3969/j. issn. 1001-1528. 2020. 09. 046.

(44, BH)



