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Abstract: With the rapid development of social economy and the continuous improvement of human living
standard, the incidence, fatality and recurrence rates of cardiovascular disease (CVD) are increasing year by year,
which seriously affects people's life and health. Conventional therapeutic drugs have limited improvement on the
disability rate, so the search for new therapeutic drugs and action targets has become one of the hotspots of current
research. In recent years, the therapeutic role of the natural compound rosmarinic acid (RA) in CVD has attracted
much attention, which is capable of preventing CVD by modulating multiple signalling pathways and exerting
physiological activities such as antioxidant, anti-apoptotic, anti-inflammatory, anti-platelet aggregation, as well as
anti-coagulation and endothelial function protection. In this paper, the role of RA in the prevention of CVD is
systematically sorted out, and its mechanism of action is summarised and analysed, with a view to providing a
scientific basis and important support for the in-depth exploration of the prevention value of RA in CVD and its

further development as a prevention drug.
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Figure 1 Chemical structural formula of rosmarinic acid
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Figure 2 Mechanism of antioxidant action of rosmarinic acid in cardiovascular disease. Nrf2: Nuclearfactor erythroid derived 2-like 2;

Keapl: Kelch-like ECH associated protein-1; SOD1: Superoxide dismutase 1; SOD2: Superoxide dismutase 2; HO-1: Heme oxygenase 1;
MDA: Malondialdehyde; ARE: Antioxidant response element; NQO1: NADPH: quinone oxidoreductase 1; GCLM: Glutamate cysteine

ligase regulatory subunit; GST: Glutathione S-transferase

KA, % G LT T AU T A i, v
87 20 B A2 HERY

AR, K%k EFR W BT H,0,7 F 87
T LA B E T, AR R AL AT e S T 4 Bel-2/
8 17248 H (Bcl-2-associated X, Bax) FUAH, 8 /> 7 T 4H
AT (recombinant factor related apoptosis, Fas)« i =
#H % Al ¥ BC /& (recombinant factor related apoptosis
ligand, Fas L) & KA A K, 7EH,0,% F A
Jik 9 2 40 Bl #k ECV304 1, 1~10 pmol- L™ 3% 3% 75 iR 7]
DLAM ) N B 4 g T2, 5 B Bel-2 8 H KCE, #1004l
Bax & A M2 B & B 1) R & & R & H K fiE i -3
(cysteinyl aspartate specific proteinase-3, caspase-3) &
HRIEE K, thah, AR, Rk FR AL
B 2 5 W AE I ULEE 3- 3§ (phosphatidylinositol 3
kinase, PI3K)/BEFR 4l B (protein kinase B, AKT) 18 &
I B, I 7% Bax Al Bel-2 45 8 [ RIA, #f]C JULAH A i
T, ANTTTAT RRCHE 2 K SR 0o UL BRI P EVE 45475 (MIRI) 3
YR RO LA 3 b S0 7K P IR T, % UL AR P ™ A
PRAE Y. 8 K BUE ik 45 HL 0 JULBR LB ZY o 2K 3%
HRRFEFERE F P T & E Bel-2 MR R M T2 &
F Bax {22181, 15 B oK 15 75 R Bt O LR I PRy AL ) T
A5 MR AR T BTG, AN EZ R
A (DOX) 755 HCo I B3 11 /)N SRR v 0o U R 21 4 4
Hfl (CFs) 74 1) Fas L /& DOX 5 5 (190 JULZH HL 07 12 1)
JR AL, AIF 5 R IR, A 0 A IR Ak B AT A )3 AL T 40 i A%
“F (nuclear factor of activated T cell, NFAT) & 1k fil &
J& K [ B 7 (matrix metalloproteinase 7, MMP7) & i%,

FAI% CFs 7 Fas L 215 J i) S5 4R 15 57 2k ORI, JF
it 1 CFs X 37 A2 K Bl LA S (CMs) A % 47 9 T A
IR, 5 H,0, ¥ S 10K BB B 7R T 40
(rBMSCs) H, 1832 7 1 T Ak P I8 =25 o A1 240 Jf R0 1
N caspase-3 - Db 2 R (1) R A& R HR UK i B -9
(cysteinyl aspartate specific proteinase-9, caspase-9).
Bax/Bcl-2 /K°F, L p-PI3K 7K F-. 3% B 2K i 75 R 7] 38
1 #8233 5 PI3K/AKT {5 5 3 #% K fR 47" rBMSCs % 52
H,0, 1% 5 K4 1T, ATy — A fE R HTA T 2459
T CVD fiayr™. JmaEk, W Fiid K IR IE F IR
ATV R A FR IE T Be (RABE), 7] 2 35 (R N\ B B8
et 25 BE 20 B 9% 4T i (SH-SYSY's) 52 %A il 4 HE 1 <5
(OGD) 5 FHI4i 461> A RABE (1 110 pmol-L™)
HEAT T AL B AT 71 AR AR b R AR A O T R, O
{2 18 T2 25 & Bax i 8 25 & p53 (tumor protein 53,
p53) MR, 3 LIPLIE T E A B AL T A S B A
% B (death-associated protein kinase, DAPK) [ 3%
KB (E3).

(R, RRIE A BT A B R TR W & 2 7 T, &
B2 411 Fas/FasL . PI3K/AKT.NFAT.DAPK %5i@ %, T
AR T2 25 4 Bax.caspase-3.caspase-9.p53 &k, k-
WHTR T8 A Bel-2 193K IA, & 7] US40 6] MMP-7
HIMMP-9 45 4 J& £ 1 il ) 232 1T 0 40 B R T
3 BBRERKM

RAEVE B 12 W B A B R, 2 LA R0 s 26
S PORE AR H B 08 S 7, 24 RE S AL T Btk B, —
SE G P A0 Nl 2> AR PR 7 A R R A 3 T PR 2R AR



8 AR RRIKETRAE A L E Y BT iR h AL R HL AT Sk fe <15

Survival factors

Extra cellular space

— — @ i ¢
Caspase-8 Bl e ' ______ Bd_/z + + Cytoplasm
R Cyto ¢ Ll
RC&Spase—S 7 P1+rg
D . P
3"Caspases N RV .* o DAPK ¥
@ 3,. +
/
. /
AL QAMN* : A//
® \ear 7 \‘*\ w
- g Vi
® Rosmarinic aci d \i\A = P /
~» Translocation W NFAT
=> Direct stimulatory modification R T * /

= < Direct inhibitory modification
* Up-regulate expression

¥ Down-regulate expression

Nucleus

Figure 3 Mechanism of anti-apoptotic action of rosmarinic acid in cardiovascular disease. Bcl-2: B cell lymphoma-2; Bax: Bcl-2-

associated X; Fas: Recombinant factor related apoptosis; Fas L: Recombinant factor related apoptosis ligand; Caspase-3: Cysteinyl aspartate
specific proteinase-3; PI3K: Phosphatidylinositol 3 kinase; AKT: Protein kinase B; NFAT: Nuclear factor of activated T cell; MMP7: Matrix

metalloproteinase 7; Caspase-9: Cysteinyl aspartate specific proteinase-9; DAPK: Death-associated protein kinase; p53: Tumor protein 53
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Figure 4 Mechanism of anti-inflammatory action of rosmarinic acid in cardiovascular disease. NF-xB: Nuclear factor kappa-B. p-IxB-a:

Phospho inhibitor of ¥B alpha; ROS: Reactive oxygen species; TXNIP: Thioredoxin-interacting protein; NLRP3: NOD-like receptor thermal

protein domain associated protein 3; p-p38 MAPK: Phospho p38 mitogen-activated protein kinase; FOXO1: Forkhead box protein O1;

IL-1p: Interleukin-15
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Figure 5 Mechanisms of antiplatelet aggregation and anticoagulant effects of rosmarinic acid in cardiovascular diseases. RCT: Reverse

cholesterol transport; ERp57: Recombinant endoplasmic reticulum resident protein 57; AA: Arachidonic acid; ADP: Adenosine diphosphate;

SR-B1: Scavenger receptor class B type 1; LDL-R: Low density lipoprotein receptor; ABCG5: ATP binding cassette transporter GS5;
ABCGS: ATP binding cassette transporter G8; CYP7A1: Cholesterol 7a -hydroxylase; AMPK: Adenosine 5'-monophosphate (AMP) -

activated protein kinase; CPT1A: Carnitine palmitoyltransferase 1A
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Figure 6 Mechanisms of protective effect of rosmarinic acid on endothelial function in cardiovascular diseases. HG: High glucose;

ox-LDL: Oxidized low-density lipoprotein; ABCA1: ATP binding cassette transporter Al; ABCG1: ATP binding cassette transporter G1;

JAK2: Janus kinase 2; STAT3: Signal transducer and activator of transcription 3; JNK: C-jun N-terminal kinase; PKC: Protein kinase C;

ERK1/2: Extracellular regulated protein kinases 1/2
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Table 1 Mechanisms of action of rosmarinic acid in the prevention of cardiovascular diseases. " T " up-regulation, " | " down-regulation

Mechanism of

action Research object Dosage Effect indicator or target Reference
Anti-oxidative Male ICR mice (27-30 g) were subjected to ischemia- 10-40 mg-kg'  SOD1, SOD2, HO-1, Nrf2 1 [14]
stress reperfusion injury with middle cerebral artery occlusion
surgery
Male Wistar rats (250-280 g) were ligated with the 50-200 mg-kg' MDA |, SOD 1 [15]
anterior descending coronary artery to create a rat model
of acute myocardial ischemia
Vascular smooth muscle cells (VSMCs) 25-400 pmol-L" Keapl |, HO-1,NQO1, GCLM, GST T [16]
Antiapoptosis H,0, induced VSMCs 10-40 umol-L"  Fas, Fas L | , Bcl-2/Bax T [21]
H,0, induced human umbilical vein endothelial cells 1-10 umol-L™"  Bax, caspase-3 | , Bel-2 T [22]
(ECV304)
SD rats of both sexes (260-300 g), myocardial ischemia- 30 mg-kg’ Bax | , PI3K, p-PI3K, AKT, p-AKT, [23]
reperfusion injury model Bel-2 1
Male Wistar rats (250-280 g) were subjected to ligation ~ 50-200 mg-kg”' Bax |, Bcl-2 1 [15]
of the anterior descending coronary artery to establish an
acute myocardial ischemia model in rats
Male C57BL/6 mice (23.5-27.5 g), a mouse model of 100 mg kg NFAT, MMP7, Fas L | [24]
doxorubicin induced cardiotoxicity
H,0, induced rat bone marrow mesenchymal stem cells ~ 1-80 pmol-L"  Caspase-3, caspase-9, Bax/Bcl-2 L.p- [25]
(rBMSCs) PI3K 1
SH-SYSY cells were induced by oxygen glucose 1-10 pmol-L"  Bax, p53 | , DAPK 1 [26]
deprivation (OGD)
Inhibit Oxygen glucose deprivation/reperfusion (OGD/R) 50 pmol-L™! p-IxB-a | [28]
inflammatory stimulated HL-1 in mouse cardiomyocytes
response HG and oxLDL induced human endothelial cells 1-100 umol-L"  p-p38 MAPK, FOXO1, TXNIP, [30]
(EAhy926) NLRP3, IL-15 |
Antiplatelet AA, ADP, and collagen induced platelet aggregation 1-100 umol-L"  ERp57 | [32]
aggregation and  AA induced platelet aggregation 1 umol-L" P-selectin | [33]
anticoagulation Molecular docking; ADP induced platelet aggregation 84-500 pg-mL"' P2Y,, ! [37]
Male C57BL/6 (16-20 g) high fat diet induction 50-100 mg-kg" Cholesterol, triglyceride | , SR-B1, [39]
LDL-R, ABCG5, ABCGS, CYP7AL,
CPTIA, p-AMPK 1
Improve HG and oxLDL induced human monocytic leukemia cells 100 pmol-L" ABCA1, ABCG1, JAK2, p-STAT3, p- [44]
endothelial (THP-1) INK, PKC, p-p38 MAPK, p-ERK1/2 1
dysfunction LPS induced human umbilical vein endothelial cells 1-100 pmol-L"  Nrf2 T, NLRP3 | [45]

(HUVECs)
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