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[ Abstract]  Objective: Discuss whether shionin can reverse the changes of hemodynamic

and vascular remodeling in animal models of PAH by regulating interleukin-6 and downstream
signal pathways. Methods: Twenty-four SD rats were randomly divided into CON group, MCT-
PAH group and MCT-PAH+SH group. Four weeks later, pulmonary artery hemodynamics,
indexes related to right heart function and right ventricular hypertrophy index were detected.
Morphological changes of pulmonary artery were identified by HE staining. IL-6 was detected
by immunofluorescence. Western blot and immunohistochemistry techniques were performed
to detect the expression of IL-6, IL-21 in rats’ lung tissues and the expression and localization
of CD163 in lung tissues. Results: Compared with CON group,pulmonary artery blood flow
acceleration time (PAAT) was shortened,the inner diameter of the right ventricle (RVID) was
widened, the tricuspid annular plane systolic excursion (TAPSE) was decreased, right ventricular
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hypertrophy index was increased, right ventricular systolic pressure (RVSP) was increased,
pulmonary artery vascular wall was significantly thickened in MCT-PAH group, and the vascular
remodeling was marked by middle membrane hypertrophy. These results indicated that the animal
model of pulmonary artery hypertension was successfully established.After the intervention with
shikonin, the above indexes had different changes. Immunofluorescence results showed that the
expression of IL-6 in pulmonary arterioles of MCT-PAH group was higher than that of CON group,
and the expression of IL-6 in pulmonary arterioles of shikonin group was lower than that of MCT-
PAH group. The results of western blot showed that the expression of IL-6¢reased in MCT-PAH
group. Shikonin treatment reduced expression of IL-6, IL-21 in PAH rat’s lung. The expression
of CD163 in pulmonary blood vessels were significantly increased in MCT-PAH group rats, but
reduced after shikonin treatment. Conclusions: Shikonin treatment alleviated PAH via improving
hemodynamics of right ventricle and pulmonary vascular remodeling in experimental PAH. The

effect may be relative to inhibition of IL-6 and its downstream signal pathway activation.

[ Key words]

it s Jik 2 e (PAHL) LIl il 45 A Bl 8 53
M AE A TP AT ZE AR, BB Bk 7 . i it 45 BHL
HEFT TR, FLERR R, R, e Zn] S EUR
Hh b ET Y s RIENLE7E PAH
KA FRRREREAR) e B, i
AHEAMAFE (IL) -6 25 PAH kL. #EE,
i TL-6 K HA 5530 4 T e s8 PAH I 45 EAl )
BRI, KRB NSRS, i
TR IAE R B AL RSP P AEAE IL-6 Rk
R, SRR AT LIGE ] 1L-6 2l oC T 4 e
s U ARBESE AR YT PAH 1 IL-6 X TU#HE S
ST RRIBRAR, SRR R E ] IL-6 ik
AR H R A5 530 B 30 e PAH s it 3 8h 7
SF U AN A T A, LU 58 48 S R 38 I IE .
1 MRl5FEE
L1 2240, &A 5%

SPF 2% {dt 3 i 4 SD KB B K b KR8 AR
Y AR A BR 2\l [ AT IES . SCXK (3 ) 2014-
00117, BF [ &5 [ Sigma-Aldrich /A7), £ 5 K
H Selleck 23] ,IL-6 IL-21 W4 H 35 [ Affinity 2\ 7,
CD163 Ity B ' [ Proteintech 23 &, B-actin I H 3
Santa Cruz 2 7, a-SMA 4 H i X Servicebio
NF), Western Blot {857 &2 H b 5% Bio-Rad A H]
1.2 hah %k

24 H SD K EBEHLEL 7 3RE 57 A0 RZH ( CON
41). B Ak R4 (MCT-PAH 41 ). fili
ik L E T Wil (MCT-PAH+SH 41 ), B4
8 H, Mtk (190+15) go MCT-PAH 41} MCT-

Pulmonary arterial hypertension; Shikonin; Interleukin-6

PAH+SH UL 1% W8 5 0 75 I s 3 S5 s ik
Bk & R S AR (60 mg/kg) ! s MCT-PAH+
SH 21 #5147 21 Kl 718 S 5 5 K 10 mg/
(kged), %27 d; CON 2 FH>EAEE 1 KNG s vE 5
SRR TRER K, RS 21 K CON 41, MCT-PAH
Y I P R R R RVA R, LT do BT B
SIS EAE S IRAF I G A L 5 B S 5 sh e B2
R2AtE (4165 . HCHLL-2020-44 ),
1.3 fifsh A A

HEBES 28 R AH R RO Sl ARG I 45 21 K At
S LN IR PAAT ) U A 28 NA2( RVID ),
SR LE W07 B8 (TAPSE ) 5 B8 A5 K 5 be
Je iR A = Wi (RVSP ),
1.4 & EIEF38Hn 2 ZHE$ €45 i 28 47

DRSS A FEA R B, fif oy B R R 0
% (RV) S5EFMEMME (LV+S), FrEifita
H S HEEFE R RN RVALV+S)., KUt 41 4047 k4,
SV R, BEE A 5 um, £ 8] ik, HE Ju(a,
PR R Ao B T AR It /N sl Bk A TR S 2
AL LG I A R . RIS
1.5 Western blot:x#4 M| & & & ik

BUK BT 2R, 2 J5 il FH BCA B A&
A &I TR e RN, W, BRE.
HLUK . Bl BT, A BIA IL-6, IL-21. H45E40
Mkt (PCNA) FAiEE& H D (Cyclin-D)
—Pi, 4 °CHEFE IR, VR, INAARR —Ht, FREE
[, T ECL &6, #4783, (bt BN R G A,
i F Image J AT 00T -



=] o0 1L 55 95 24 3 2024 4F 5 H 55 51 545 3 1

Int J Cardiovasc Dis, May 2024, Vol. 51, No.3 e 177 »

1.6 %95 % KA IL-684 KA B oA

I 20 W51 R s . BUJRAB ., PBS PR
L6, o FENISIEN (a-SMA) —4i;4 °Cid
WA A PBS Hyk ik, =t Zpric AR 4t
B VR, SEE A B AN A% YLkl DAPL, H
KSR P el IG, B otERER
e LSR5 B AL I A () 2 i B R o3 AT o
1.7 %9228 CD163 48 kA

AR kS, KAk, BURIESE, PBS PRk
IR E RELUT P R 2o SR A I PR 0 5 =
MR CD163 —4i, 4 °CHFE 17, I ABAR
FALYIBEARIC A —hT, vk, i DAB W 5 i
B UL, PR B AR B A R K e D) i &
1, BRARBYIFRE, B A, DBWE Ittt &
BREE
1.8 ZitF oM

{if F Graphpad prism 8.0 #4647 58 1224307 o
A BRI 2 E SRS, A5G 1B AT BB R
FHYEC + bFRifE22 3R . 24100 LECR BN 25
530, Wi HecE 1 LSD-¢ K 56, P<<0.05 N2
SAEGIEE L
2 #R
2.1 PAHXKRABAZ IR LEEF TSR L0
REAF . T EMG G

Sy i b MCT-PAH 41 K R AE 122 H,

MCT-PAH-+SH 41 367 1 H o #8740 2 & G ) &5
R W x, 5 CON 4 #f [, MCT-PAH 4 RVID 3
$i. PAAT 4% J5. TAPSE i ik (P<<001); 5
MCT-PAH #H #H [, MCT-PAH+SH 4 PAAT %t K
(P<<0.01), RVID & s fik (P<<0.05), TAPSE 3§ il
(P<0.05 ), LT EL5R /R MCT-PAH 41 RVSP
B @ % T CON 4 (P<0.001); MCT-PAH-+SH £
RVSP % MCT-PAH 4 A5 i fik (P<<0.01), DLEE 1.
1.

MCT-PAH-+SH £

Bl KWAXRBSCIHERNER

F1 JAXRBAE O RER MRS FERIER

il PAAT/ms RVID/mm TAPSE/mm RVSP/mmHg A E N AL
CON4{ 23.45+0.98 2.48%0.10 2.6140.16 19.70£0.61 0.2940.010
MCT-PAHZ 17.0240.93" 3.38+0.25" 2.21+0.18" 45.9141.04% 0.59+0.029%
MCT-PAH+SH4L 21.5740.96° 2.81+0.10% 2.37+0.13% 29.6240.86° 0.40+0.018%

. HCONZ e, PP<0.01, PP<0.001; 5MCT-PAHZ L4, PP<0.01, “P<0.05

2.2 FFEXPAHK FAFLL LR 9% I R L 6975w
MCT-PAH 4 47 %= N JEFE 05 CON 21 B e 38 in
(P<0.01 ), MCT-PAH+ SH #1% MCT-PAH 4 F[#
(P<<0.05), W3& 1, HE Jea25 R 7k CON 4K B
Jili 2 27 4 i 20 I 1 /0, Ml il 4574283 s MCT-PAH 41
KU L CON ZH R AE AR I 2, vh sy
JE£ [ (403.53414.18) um X} (105.52+1.65) pum,
P<<0.001], % Jt W] b e 7= £ 2 P4 %€ 5 MCT-PAH+
SH 4ZH fili 31 ik 4% Jes ¢ MCT-PAH 2H 3%, i 45 B J5£
JEE W SRR , AR i A5 R AR [ (235.64 £
1.65 ) um X ( 403.53+14.18 ) um, P<<0.001], L& 2.,

23 IL-6FEBRHH
B PE DY 1 s MCT-PAH 4K Uit /N sl ik
th IL-6 ZEOGR I s TR 441, MCT-PAH+
SH #1% MCT-PAH B35 , {0 5 R 44U LeAT)
., 5 MCT-PAH 41 fil MCT-PAH-+SH 404 L,
CON 4 ifi IfiL 55 v TL-6 % i 3 B I 51K HL 5 S8
HATCH RS, WA 3,
24 1IL-6, IL-21 R340 X 4 F & B KL
Western blot 45 5 i 7k MCT-PAH 41 fiffi 2 21
IL-6, IL-21 FiA/K -4 CON 1341, MCT-PAH+
SH 4 IL-6, IL-21 3% ik 7K F % MCT-PAH 4 Ik



+ 178 ¢ =] 00 I 45 9 2 k5 2024 4F 5 H 4 51 4524 3 3

Int J Cardiovasc Dis, May 2024, Vol. 51, No.3

MCT-PAH 41

MCT-PAH+SH 4

B2 KERAZIBKHERBLESR (X200

a-SMA IL-6

CON 4

MCT-PAH 4]

MCT-PAH-+SH 41

DAPI Merge

B3 IL-6FERAEMER (X63)

/b MCT-PAH 2 fiffi 41 2 v 38 58 #H OC 28 111 PCNA
Cyclin-D 2 ik /K F % CON 41 4% Jiii; MCT-PAH+
SH ZH 3458 #H X 11 PCNA . Cyclin-D 357K P45
MCT-PAH 41K (Bl 4. & 2),

CON 41 MCT-PAH 4] MCT-PAH+SH 41

- P—
H"6|— e R —— — ——|

IL-21| - —~——-—-—-|

PCNA | — — |
Cyclin-D | — —— — |
B-actin | |

El4 Western blot’RIL-6. TL-21%IEHEBXEH

2.5 CDI163 1 il du i 64 & ik
CD163 FHEZR AN T ufs, D FRA Tk

FAH A AP ] BT, MCT-PAH 2H K BRI I 45 20 it Ji
I+ CD163 3k % CON 4181 [ 3% £, 1fif MCT-PAH
+SH 41 % MCT-PAH 4 £ ik /b, Mg 41F /b
CD163 ik, WKl 5,
3 itig

PAH & — Rl Bl . iF R i SO M
i, T AR A P SRR SR AT SE R B PAH
S8 I A HE A 5 ARRE S B VTR DG, 2 48 0T K]
T A5 PAH &4 ", PAH &3 1L b 4 0iE A
FIL-6., TL-1 KR8 T MY, FLif 3 RAEA K
FH T 5 PAH A TG A RAEG, AWF5EES
IL-6. C Jz i & [ 45 RYEF T2 14 PAH 5
175 7 S AR A L E bR i U RE BV 2 W PAH
FEE AR R R bR 1Y R TL-6 76 PAH [ K |
R R EEAEH

A5 5B MCT-PAH K FUIti 40 4 Ui ifiL 4 1L-6



=] o0 1L 55 95 24 3 2024 4F 5 H 55 51 545 3 1

Int J Cardiovasc Dis, May 2024, Vol. 51, No.3 * 179 «

R2 BAHAKRIL-6. IL-21ZEEMBXEARIEKFLLE

Ll IL-6 PCNA Cyclin-D
CONZH 0.48+0.02 0.69+0.04 0.70+0.06 0.68+0.04
MCT-PAHZH 1.4340.05" 1.47£0.06% 1.36£0.09” 1.2540.04"
MCT-PAH+SH#] 0.88+0.05" 1.26+0.13% 1.05+0.05” 0.86+0.04"

W H5CON4kE:, PP<0.0001, ®P<0.01, PP<0.001; SMCT-PAHAI L%, “P<0.01, ©P<0.05

MCT-PAH £

| o ah S X

l_‘ By ".-.: % . g

- % :}‘ " ? ég\"l ?}'.

.‘j -'; "T. “ ".r.' -~ '-'::
W% s O
r .-' t’:l‘.‘ N -

MCT-PAH+SH 4

5 AimEHRCDI63RIZMERANLER

BRI, $27 1L-6 ] RE A | ity i /e Sy %) = 22
SAEH T BEAAFFT 2 B S nT e 1F TL-6 kK
SEFRER, WREUE PAH AR EE A A N R D, &
W] IL-6 A] fEFE PAH 1) A& L H e ¥4 8 24
AHFFTLEH PR TL-6 15 MCT-PAH K Ui M 45 3
TR B e A T TL-6 FEik /K P48 i i ZH 21
B, 2B PAH B IGLHSUEAE 9 RE ROV, T At sl ik
LA BE Y G SN B ™ 5, dF—2 1 TL-6 4 F:A9
SAE RV P REE AL e HEA NS A S5 PAH &4,

7E PAH 5 FISL B sh W R v, fE7E 24>
IL-6 AR HIMR SE G 1k, BLEL WIAf STAT3 J2 1L-6
PR E RN MY, IL-6/IL-6 2K S ]
A 38 1 IS SN R LS 3— 3G (PI3K) / HE i
fiti B ( Akt) FIfE5r 2530 L 2R s ( MARK )
/ HUAME S VR (ERK ) 355530 i 530 PAH
() A U8 Rl AIFSE B TL-6 AT g i k(s
T K Z AN N T2 5 PAH R A R, FL
g E P H AT R #GS T B R R
IL-6 W15 il 5 E %55 5 PAH & AEHF R,
F345 IL-21 F1 CD163",

IL-21 2 1% 1k i CD4™T 40 il 7 £ 1% 48 5iE
T, HEMM 2R (IL-21R) 454 5 £ %58 i
B AN A T A EE o fh . $E R NK 4l
R4 1% e 4 4% e e VR T /E T U7 Hashimoto-
Kataoka %5 " %% ¥ ¥F PAH & 4= AL, IL-21 2
IL-6 {554l T i 0, ol ot iom M2 B g2 i

W AR A S 1 PAH, AHIFSY & 3 MCT-PAH
2H K RUM 2 21 TL-21 %5 CON 41 &3k BH W 384 i,
MCT-PAH-+SH 41 IL-6 % TL-21 [ZRRI T %, #2
75 IL-6 Al fEi@ ik IL-21 #3535 PAH & 4=,
25 B 28 T 5 032 38 % 1405 Ak DT 348 73335 B it
(iR

CD163 2k M2 2 i #H 5 FL g 248 At 1) 25 P b
B, FUE T R 2 R P M R Rt
2 55 W Je iR R AE IR U, AFSTIESE PAH BB
I35 H CD163 W & 4 & B, CD163 ¥t R 15 5
LB 2 Jo i 3 S e 4 g PR - (TL-6 Fl IL-10) 3%
5 BY HEAE PAH H IL-6 1 g1 i 15 51 A ik
CD163 [k Kififb. AWFoeas R B8 MCT-PAH
HRFMZHZ1H CD163 5 CON 2 315 W i Tt 5 5
MCT-PAH+SH 41 K Bl CD163 £k T B, #E/R
CD163 25 PAH k4=, iERE, Hiill 55 w K ] fE
] IL-6 & TL-21 B2k F (8%) 6 fL AR
CD163 Bk, K¥FHt PAH FIFEH .

W R R R BAT A g P2 IR EE |
P B EZ R AEY AR, BB RAEH B LEI AT
BEMIETY IL-1B. IL-6 . MIEIAFEN T -a ( TNF-a ),
—ALA (NO) Ry ikeintt . e AR E
R, BERLE T HOAT BRI A PAH AU /)N BRI i 2l
ko A5 K B 25 R0 2R X PAH K BRIl 3 3 7
FAWEVEN . HE a8 % 3 MCT-PAH+SH 41 Jifi
SR I 4F 4 MCT-PAH 217836, S 58 s



* 180 -

=] 00 I 45 9 2 k5 2024 4F 5 H 4 51 4524 3 3

Int J Cardiovasc Dis, May 2024, Vol. 51, No.3

PR £ A IG IL-6 19763k, 5 CON 41AH L,
MCT-PAH ZH Jiili 2 2 o 354 5 A 5 £ F ek 234,

17135 5 2% AT AR AR L IR B B0 3 28K F 5 S

A AL 45 B 7R MCT-PAHA+SH 41 K . CD163 %35
A MCT-PAH 410/0, LA E 25 JE4R R 28 8 Z a3
W MCT-PAH KU L B A8, LML T RS2 4
il IL-6, TL-21, CD163 RIEAS Til M. AWF5RA
B IL-6 25 PAH &AM 5 FHLHI, Rhe s
B2 A D E PR LR FE At

(1]

[2]

B3]

(4]

[3]

[

(7]

(8]

9]

[10]

Z % X #

Harbaum L, Rhodes CJ, Wharton J, et al. Mining the plasma
proteome for insights into the molecular pathology of pulmonary
arterial hypertension[J]. Am J Respir Crit Care Med, 2022,
205(12):1449-1460.

Wang RR, Yuan TY, Wang JM, et al. Immunity and inflammation
in pulmonary arterial hypertension: from pathophysiology
mechanisms to treatment perspective[J]. Pharmacol Res, 2022,
180:106238.

Moutsoglou DM, Tatah J, Prisco SZ, et al. Pulmonary arterial
hypertension patients have a proinflammatory gut microbiome
and altered circulating microbial metabolites[J]. Am J Respir Crit
Care Med, 2023, 207(6):740-756.

Cai ZY, Li J, Zhuang Q, et al. MiR-125a-5p ameliorates
monocrotaline-induced pulmonary arterial hypertension by
targeting the TGF-B1 and IL-6/STAT3 signaling pathways[J].
Exp Mol Med, 2018, 50(4):1-11.

Humbert M, Monti G, Brenot F, et al. Increased interleukin-1 and
interleukin-6 serum concentrations in severe primary pulmonary
hypertension[J]. Am J Respir Crit Care Med, 1995, 151(5):1628-
1631.

Sun Q, Gong T, Liu ML, et al. Shikonin, a naphthalene
ingredient: therapeutic actions, pharmacokinetics, toxicology,
clinical trials and pharmaceutical researches[J]. Phytomedicine,
2022, 94:153805.

IR, AR, sRRUL L SEHZ 0 M S5 R e
WEFE[I]. MR EEBE R R 222441k, 2009, 43(1):48-51.

Al-Qazazi R, Lima PDA, Prisco SZ, et al. Macrophage-NLRP3
activation promotes right ventricle failure in pulmonary arterial
hypertension[J]. Am J Respir Crit Care Med, 2022, 206(5):608-
624.

Hassoun PM. Pulmonary arterial hypertension[J]. N Engl J Med,
2021, 385(25):2361-2376.

Hirsch K, Nolley S, Ralph DD, et al. Circulating markers of
inflammation and angiogenesis and clinical outcomes across
subtypes of pulmonary arterial hypertension[J]. J Heart Lung
Transplant, 2023, 42(2):173-182.

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Smits AJ, Botros L, Mol MAE, et al. A systematic review with
meta-analysis of biomarkers for detection of pulmonary arterial
hypertension[J]. ERJ Open Res, 2022, 8(2):00009-2022.
Humbert M, Kovacs G, Hoeper MM, et al. 2022 ESC/ERS
guidelines for the diagnosis and treatment of pulmonary
hypertension[J]. Eur Respir J, 2023, 61(1):2200879.
Xu WL, Janocha AJ, Erzurum SC. Metabolism in pulmonary
hypertension[J]. Annu Rev Physiol, 2021, 83:551-576.
Paulin R, Courboulin A, Meloche J, et al. Signal transducers and
activators of transcription-3/piml axis plays a critical role in
the pathogenesis of human pulmonary arterial hypertension[J].
Circulation, 2011, 123(11):1205-1215.
Rose-John S. Interleukin-6 family cytokines[J]. Cold Spring
Harb Perspect Biol, 2018,10(2):a028415.
Awad KS, Elinoff JM, Wang SB, et al. Raf/ERK drives the
proliferative and invasive phenotype of BMPR2-silenced
pulmonary artery endothelial cells[J]. Am J Physiol Lung Cell
Mol Physiol, 2016, 310(2):L187-L201.
Tangye SG, Ma CS. Regulation of the germinal center and
humoral immunity by interleukin-21[J]. J Exp Med, 2020,
217(1):¢20191638.
Hashimoto-Kataoka T, Hosen N, Sonobe T, et al. Interleukin-6/
interleukin-21 signaling axis is critical in the pathogenesis of
pulmonary arterial hypertension[J]. Proc Natl Acad Sci U S A,
2015, 112(20):E2677-E2686.
Troiano G, Caponio VCA, Adipietro I, et al. Prognostic
significance of CD68" and CD163" tumor associated
macrophages in head and neck squamous cell carcinoma: a
systematic review and meta-analysis[J]. Oral Oncol, 2019, 93:66-
75.
Jasiewicz M, Kowal K, Kowal-Bielecka O, et al. Serum levels
of CD163 and TWEAK in patients with pulmonary arterial
hypertension[J]. Cytokine, 2014, 66(1):40-45.
Matsushita T, Takehara K. Soluble CD163 is a potential
biomarker in systemic sclerosis[J]. Expert Rev Mol Diagn, 2019,
19(3):197-199.
Guo CJ, He JL, Song XMI, et al. Pharmacological properties and
derivatives of shikonin-a review in recent years[J]. Pharmacol
Res, 2019, 149:104463.
Fan C, Zhang XF, Upton Z. Anti-inflammatory effects of
shikonin in human periodontal ligament cells[J]. Pharm Biol,
2018, 56(1):415-421.
Guo HL, Sun JY, Li DY, et al. Shikonin attenuates
acetaminophen-induced acute liver injury via inhibition of
oxidative stress and inflammation[J]. Biomed Pharmacother,
2019, 112:108704.

( ¥A%:2023-06-18  15191:2024-04-01 )

(A - 3 )



