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Tanshinone IIA (Tan IIA) is a fat-soluble compound extracted from Salvia miltiorrhiza, which has a protective effect against atherosclerosis (AS). Tan IIA can inhibit oxidative stress and inflammatory damage of vascular endothelial cells (VECs) and improve endothelial cell dysfunction. Tan IIA also has a good protective effect on vascular smooth muscle cells (VSMCs). It can reduce vascular stenosis by inhibiting the proliferation and migration of vascular smooth muscle cells (VSMCs), and improve the stability of the fibrous cap of atherosclerotic plaque by inhibiting apoptosis and inflammation of VSMCs. In addition, Tan IIA inhibits the inflammatory response of macrophages and the formation of foam cells in atherosclerotic plaques. In summary, Tan IIA improves AS through a complex pathway. We propose to further study the specific molecular targets of Tan IIA using systems biology methods, so as to fundamentally elucidate the mechanism of Tan IIA. It is worth mentioning that there is a lack of high-quality evidence-based medical data on Tan IIA treatment of AS. We recommend that a randomized controlled clinical trial be conducted to evaluate the exact efficacy of Tan IIA in improving AS. Finally, sodium tanshinone IIA sulfonate (STS) can cause adverse drug reactions in some patients, which needs our attention.
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1 INTRODUCTION
Atherosclerotic cardiovascular disease is a major global public health problem, posing a huge threat to people’s health (Libby, 2021). Atherosclerosis (AS) is a chronic, progressive disease that can develop into serious life-threatening complications, including acute myocardial infarction (AMI), ischemic cardiomyopathy and stroke (Gimbrone and García-Cardeña, 2016). Although the medical community has made great progress in the study of the pathogenesis of AS, the morbidity and mortality associated with AS remain high. Medical professionals urgently need drugs with better efficacy to prevent and treat such diseases. Compared with traditional chemical drugs, natural compounds extracted from Chinese herbs have the advantages of fewer side effects and low long-term toxicity. Pharmacological studies have shown that Chinese herbal medicine contains a variety of active ingredients, which play an important role in the prevention and treatment of AS.
Salvia miltiorrhiae, a plant in the labiform family, grows mainly in Hebei, Shanxi, Shaanxi and Shandong provinces of China, and its dried roots are used as Chinese herbs. It is one of the most widely used and oldest traditional Chinese medicine, has the effect of promoting blood circulation and removing blood stasis, and is often used to treat cardiovascular diseases (CVDs). Tanshinone ⅡA (Tan ⅡA) is a fat-soluble active component of Salvia miltiorrhiza with a molecular weight of 294.34. It is insoluble or slightly soluble in water and easily soluble in organic solvents such as dimethyl sulfoxide, ethanol, acetone, ether and benzene (Zhang et al., 2019). Previous studies have shown that Tan ⅡA has a variety of beneficial effects on the cardiovascular system, including anti-platelet aggregation, anti-proliferation of vascular smooth muscle cells (VSMCs), coronary artery dilation, and anti-inflammatory effects (Jiao et al., 2013; Ma et al., 2015) (Figure 1). We searched the previous literature and found that the reviews of Tan IIA for the treatment of AS are few and old. In order to better summarize the mechanisms related to the protection of TanⅡA against AS, we searched the relevant studies of TanⅡA again and reviewed them.
[image: F.1]FIGURE.1 | (A) Salvia miltiorrhiza. (B) Salvia miltiorrhiza. Decoction pieces. (C) Shennong’s Classic of Material Medical and picture of Salvia miltiorrhiza. (D) Chemical structure of Tanshinone IIA. (E) The protection of Tanshinone IIA on blood vessels.
2 SEARCH STRATEGY
This review was prepared based on recommendations and guidelines from the Preferred Reporting Project for Systematic Review and Meta-Analysis (PRISMA). All relevant articles published in PubMed between the date the database was established and November 2023 were included in this review. We used keywords “Tan IIA”,“tanshinone IIA”,“vascular smooth muscle cells”,“vascular endothelial cells”,“inflammation”,“plaque”,adhesion”, “macrophages”,“lipids”,“atherosclerosis” and “vasodilation ” to search the database. We do an initial screening of the obtained articles by browsing the title and abstract, and then read the full text to incorporate authoritative articles. As a result, we included 69 original documents.
3 TAN IIA PROTECTS THE ENDOTHELIAL CELLS OF BLOOD VESSELS
Vascular endothelium, the continuous cellular lining of the cardiovascular system, is an important regulatory nodes in this homeostatic network. Ross and Glomset put forward the ‘Response-to-Injury Hypothesis’, which suggests that the early characteristics of AS are the loss of the anatomical integrity of the vascular endothelial (Ross and Glomset, 1976). According to the original statement, The Response-to-Injury Hypothesis assumes that the initial event of AS process was some form of obvious damage to the vascular endothelial cells (VECs), induced by noxious substances (e.g., hyperhomocystemia, oxidized cholesterol, hyperglycemia, constituents of cigarette smoke, etc.) or altered hemodynamic forces. With the expanded awareness of the repertoire of important functions of endothelial cells, the term “endothelial cell dysfunction (ECD)” was introduced into the mainstream of AS research. ECD is associated with nitric oxide (NO) reduction in VECs, Oxidative stress in VEC, proinflammatory activation of VEC, chemokine secretion of VEC, and hemodynamic disturbance (Gimbrone and García-Cardeña, 2016).
The damage of VECs is the initial step of AS (Higashi et al., 2009). Oxidative stress is considered to be a key factor in VECs damage. Lin et al. found that Tan IIA (15, 30, and 60 μg/mL) can reduce hydrogen peroxide (H2O2)-induced human umbilical vein endothelial cell line (ECV-304) cell damage by increasing superoxide dismutase (SOD) activity and inhibiting cluster of differentiation 40(CD40) inflammatory pathway (Lin et al., 2006). In another study, Jia et al. found that Tan IIA (5, 10, and 20 μg/μL) significantly inhibited H2O2-induced reactive oxygen species(ROS) rise and apoptosis in EA. hy926 cells (Jia et al., 2012). Activated transcription factor (ATF)3 is a stress-induced transcription suppressor (Hashimoto et al., 2002). Chan et al. found that Tan IIA (3 and 10 μM) could inhibit H2O2-induced apoptosis of human umbilical vein endothelial cells (HUVECs) by up-regulating the expression of ATF3 (Chan et al., 2012). Pregnane X receptor (PXR) is a regulatory factor involved in endogenous and exogenous detoxification. Zhu et al. found that Tan IIA (5,10 and 20 µM) inhibited H2O2-induced HUVECs apoptosis, inflammation and oxidative stress by activating PXR (Zhu et al., 2017). Hydrogen sulfide (H2S), an important gaseous medium, can be synthesized by cystethionine gamma-lyase (CSE). It has a variety of biological functions such as anti-inflammatory, antioxidant, cardiac protection, vasodilation and angiogenesis (Lv et al., 2020). Acrolein, a ubiquitous contaminant in the environment, food and water, can induce oxidative stress through a variety of mechanisms. Yan et al. found that Tan IIA (20 μg/mL) could reduce HUVEC oxidative damage induced by acrolein. The mechanism is related to the upregulation of H2S by activation of estrogen receptor (ER)/cyclic adenosine monophosphate (cAMP)/CSE pathway (Yan et al., 2021). Ferroptosis is a form of cell death manifested by the accumulation of iron and ROS (Dixon et al., 2012). Nuclear factor erythroid 2-related factor 2(Nrf2) is a transcription factor that responds to oxidative stress and protects cells from oxidative stress damage. He et al. found that Tan IIA (50 nM) can inhibit ferroptosis by activating Nrf2, inhibit the increase of lipid peroxidation and the decrease of GSH level, thus alleviating the death of human coronary artery endothelial cells (HCAECs) caused by ferroptosis inducers (He et al., 2021). (Figure 2)
[image: Figure 2]FIGURE 2 | Pharmacological effects of Tan IIA on vascular endothelial cells. Tan IIA protects vascular endothelial cells by anti-inflammation, anti-oxidative stress and anti-apoptosis. In addition, Tan IIA has endothelium-dependent vasodilation and protection of endothelial barrier function.
ECD is an important feature of many CVDs (Thum et al., 2007). Endothelial nitric oxide synthase (eNOS) is one of the key enzymes in maintaining vascular endothelial homeostasis through the production of NO. Li et al. found that Tan IIA (0.5 mg/kg) inhibited the decrease of eNOS expression and NO production in the aorta of diabetic rats, thereby improving the impaired endothalium-dependent vasodilation function (Li et al., 2015). Previous studies have shown that regulation of eNOS expression can occur at the transcriptional, post-transcriptional, and post-translational levels (Stangl et al., 2004). Li et al. found that the regulation of Tan IIA on eNOS expression mainly occurred at the post-translation level. Protein phosphatase 2A (PP2A) is a serine/threonine phosphatase that can induce dephosphorylation of eNOS. Li et al. found that Tan IIA did not affect the expression and activity of PP2A, but significantly inhibited the translocation of PP2A-A from cytoplasm to membrane and impaired PP2A-A/eNOS interaction, thereby preventing eNOS dephosphorylation (Li et al., 2015). Uncoupling of eNOS can occur under some pathological conditions, resulting in the production of superoxide instead of NO (Förstermann, 2010). Tetrahydrobiopterin (BH4), a key cofactor in eNOS activity, inhibits eNOS uncoupling, while dihydrobiopterin (BH2), an oxidized form of BH4, can cause eNOS dysfunction (Noguchi et al., 2011). Zhou et al. found that Tan IIA (10 μM) inhibited eNOS uncoupling in EA. hy926 cells induced by high glucose (35 mM). The mechanism is related to the inhibition of nicotinamide-adenine dinucleotide phosphate (NADPH) oxidase 4 (NOX4) activity and expression, and the increase of the ratio of BH4 to BH2. Heat shock protein 90(HSP90) is an important partner in regulating eNOS function. Zhou et al. found that Tan IIA can also inhibit eNOS uncoupling by promoting the expression of HSP90 (Zhou et al., 2012). The interaction between estrogen and ER can lead to transcriptional activation of eNOS. Previous studies have shown that Tan IIA, as a phytoestrogens, can activate ER (Fan et al., 2009). Fan et al. found that Tan IIA (10 μM) mitigated the constriction of the aortic ring induced by phenylephrine in rats. In vitro studies, Tan IIA can increase NO release from cardiac microvascular endothelial cells (CMECs) by activating ER, promoting eNOS gene expression, extracellular signal-regulated kinase 1/2 (ERK1/2) phosphorylation, and Ca2+ mobilization (Fan et al., 2011). Endothelin-1 (ET-1), a peptide composed of 21 amino acids, is one of the most potent vasoconstricting peptides in humans. ATF3 is a stress-induced transcription suppressor. Hong et al. found that Tan IIA (3 and 10 μmol⁄L) inhibited strain-induced ET-1 expression by increasing NO and upregating ATF3 in HUVEC (Hong et al., 2012). ET-1 has a high affinity with endothelin-A receptor (ETA) and can mediate vascular constriction (Yakubu and Leffler, 2002). However, ET-1 has a low affinity with endothelin-B receptor (ETB) and can mediate vasodilation (Clozel et al., 1992). Large ET-1 is a precursor of endothelin and does not bind to any known ET receptors. When large ET-1 is cut by endothelin-converting enzyme-1 (ECE-1), ET-1 with vasoconstrictive activity is formed. Tang et al. found that Tan IIA (10 and 20 μg/mL) can reduce the expression of ET-1 in tumor necrosis factor-α(TNF-α)-induced brain microvascular endothelial cells (BMVECs) by inhibiting ECE-1 synthesis. In addition, Tan IIA also inhibited the expression of ETA mRNA and increased the expression of ETB mRNA in TNF-α-induced BMVEC (Tang et al., 2007). Obstructive sleep apnea-hypopnea syndrome (OSAHS) is closely associated with the development of ECD. Chen et al. simulated OSAHS-related episodic hypoxemia by subjecting SD rats to chronic intermittent hypoxia (CIH). Tan IIA (20 mg/kg) was found to improve ECD in CIH rats by inhibiting ET-1 expression, decreasing ETA receptors, increasing ETB receptors, and increasing NO formation (Chen et al., 2017). In another study, Wang et al. found that STS (12.5 µM) can inhibit hypoxia-induced apoptosis of pulmonary microvascular endothelial cells (PMVECs) by regulating the bone morphogenetic protein 9 (BMP9)/bone morphogenetic protein receptor type 2 (BMPR2)/mothers against decapentaplegic homolog 1/5/9(Smad1/5/9) signaling pathway (Wang et al., 2022). (Figure 2)
VECs play an important role in immune defense and inflammatory response. Lipopolysaccharide (LPS) activates the innate immune response, leading to the production of a large number of pro-inflammatory cytokines, which in turn promote vascular permeability. In a study, Cheng et al. found that STS (20 and 40 mg/mL) can inhibit LPS-induced TNF-α and interleukin (IL)-1β expression by inhibiting nuclear factor kappa-B(NF-κB) activation, thereby reducing the inflammatory response of HUVEC (Cheng et al., 2018). Studies have shown that endothelial progenitor cells (EPCs) play a key role in endothelial repair by differentiating into mature VECs and releasing protective paracrine factors (Yang et al., 2013). Wang et al. found that Tan IIA (10 and 20 µM) reversed TNF-α-induced damage to EPCs proliferation, migration, adhesion, and angiogenesis. In addition, Tan IIA inhibits TNF-α-induced EPCs secretion of inflammatory cytokines (Wang et al., 2015). (Figure 2)
The development of diabetes mellitus (DM) is a chronic inflammatory process. Fractalkine, a chemokine, is strongly associated with diabetic nephropathy and coronary heart disease (Bergmann and Sypniewska, 2014). In addition, the Wnt signaling pathway plays a considerable role in the metabolic dysfunction caused by DM (Hisa et al., 2008). Li et al. found that STS (5 and 20 mg/L) can inhibit the expression of fractalkine by activating the classical Wnt pathway, thereby reducing the inflammation of HUVEC cells induced by high glucose (33.3 mmol/L) (Li et al., 2015). Methylglyoxal (MGO),a major precursor of advanced glycation end products (AGEs), plays an important role in the progression of vascular complications in diabetes (Ogawa et al., 2010). Zhou et al. found that Tan IIA (10,20 and 30 μg/mL) alleviated MGO-induced human brain microvascular endothelial cells (HBMEC) apoptosis and oxidative stress, and the mechanism was related to inhibiting mitogen-activated protein kinase (MAPK) activation (Zhou et al., 2015). Hyperhomocysteinemia (HHcy) has been shown to be an independent risk factor for CVDs. Zhou et al. found that STS (25, 50 and 100 µM) significantly reversed homocysteine (Hcy)-induced HUVECs damage. The mechanism is related to the activation of nicotinamide N-methyltransferase (NNMT)/sirtuin1(Sirt1) signaling pathway (Zhou et al., 2023). Pyroptosis is a newly discovered form of programmed cell death driven by the NLR family pyrin domain containing 3(NLRP3) inflammasome. Zhu et al. found that STS (20 mg/kg) inhibited the upregulation of typical pyroptosis signals in the aortic wall of ApoE−/− mice, thereby enhancing plaque stability. In vitro experiments, STS (10, 20, and 40 μM) inhibited HUVECs pyroptosis induced by cholesterol crystals (CC) by a mechanism related to activation of the Adenosine 5‘-monophosphate (AMP)-activated protein kinase (AMPK) signaling pathway (Zhu et al., 2022). (Figure 2)
4 REGULATION OF VASCULAR SMOOTH MUSCLE CELLS BY TAN IIA
VSMCs turnover is low in normal blood vessel walls, but increased proliferation of VSMCs is observed in early AS or when blood vessels are damaged (Lutgens et al., 1999). Previous studies have shown that abnormal proliferation of VSMC is closely associated with some CVDs, such as and intrastent restenosis (Inoue and Node, 2009). Reducing the abnormal proliferation of VSMC is a therapeutic strategy to inhibit intravascular stenosis. Apoptosis of VSMCs and destruction of the extracellular matrix (ECM) can lead to thinning of the fiber cap and increase the risk of plaque rupture, which can induce AMI or stroke (Bennett et al., 2016). VSMC apoptosis in AS can also release multiple types of ILs, which can induce inflammation (Clarke et al., 2010).
Percutaneous coronary intervention (PCI) is an effective treatment for coronary artery stenosis, but intrastent restenosis limits long-term success. Li et al. found that Tan IIA (40 and 120 mg/kg) can inhibit intimal thickening of the carotid artery with balloon injury in rats. In vitro studies, Tan IIA (0.1, 0.25, 0.5, and 1.0 g/mL) inhibited VSMC proliferation and cell cycle progression induced by fetal bovine serum (FBS) through a mechanism related to inhibition of ERK1/2 phosphorylation (Li et al., 2010). Diabetes can increase the risk of cardiovascular complications, such as (Berezin et al., 2016). AGEs formed by persistent hyperglycemia play an important role in the pathogenesis of chronic complications of diabetes (Vlassara et al., 1994). Lu et al. found that Tan IIA (10 μmol/L) inhibited AGEs-induced proliferation and migration of VSMCs by inhibiting the ERK1/2 signaling pathway (Lu et al., 2018). Angiotensin II(Ang II) is the main effector hormone of renin-angiotensin-aldosterone system (RAAS). Lu et al. found that Tan IIA (5 and 10 μg/mL) alleviated Ang II-induced VSMCs proliferation and autophagy by inhibiting the phosphorylation of p38 MAPK (Lu et al., 2019). (Figure 3)
[image: Figure 3]FIGURE 3 | Pharmacological effects of Tan IIA on vascular smooth muscle cells and macrophages. Tan IIA inhibits proliferation, migration and inflammation of vascular smooth muscle cells. Tan IIA also inhibits macrophage inflammation.
AMPK is a physiological sensor of cellular energy status and plays a key role in regulating glucose metabolism (Misra, 2008). Previous studies have shown that high glucose can induce the proliferation and migration of VSMC (Zhu et al., 2009). Wu et al. found that STS (10 µM) inhibited the proliferation of VSMC induced by high glucose (25 mM) by activating AMPK and up-regulating the expression of cell cycle regulatory proteins p53 and p21. In addition, STS can reduce VSMC migration by inhibiting the expression and activity of matrix metalloproteinase 2 (MMP2) (Wu et al., 2014). MicroRNA (miRNA) is a class of non-coding RNA molecules with a length of about 22 nucleotides. Tropomyosin 1 (TPM1), a member of the actin-binding protein family, plays a key role in the regulation of skeletal and cardiac muscle contraction. Previous studies have shown that TPM1 is an effective target of miR-21-5p in vascular cells (Wang et al., 2011). Jia et al. found that Tan IIA (10 µM) can reduce hyperglucose (25 mM)-induced human aortic smooth muscle cell (HASMC) proliferation and migration by inhibiting the miR-21-5p/TPM1 signaling pathway (Jia et al., 2019). Hcy can promote the progression of AS by inducing excessive proliferation and phenotypic conversion of VSMCs. CD40 is involved in regulating the proliferation, migration and apoptosis of VSMCs (Li et al., 2016). Li et al. found that Tan IIA (3 and 10 μmol/L) inhibited hcy (200 μmol/L) induced VSMCs proliferation through the miR-145/CD40 signaling pathway (Li et al., 2020). Transient receptor potential cation channel subfamily C member 3 (TRPC3) is an ion channel protein that has the function of regulating the cardiovascular system. Li et al. found that Tan IIA (10 μg/mL) can inhibit ox-LDL-induced VSMC proliferation and migration by regulating the miR-137/TRPC3 signaling pathway (Li et al., 2023). Hyperplasia of basilar vascular smooth muscle cells (BASMCs) caused by high blood pressure can lead to vascular remodeling, which increases the risk of stroke. Yu et al. found that Tan IIA (5 μmol/L) can prevent ET-1 induced BASMCs proliferation by inhibiting 3’-phosphoinostitide dependent kinase (PDK1)/Akt pathway and regulating the expression of cyclin D1 and p27 (Yu et al., 2015). MMPs can contribute to VSMC migration by degrading the surrounding ECM (Newby and Zaltsman, 2000). In the promoter region of MMP-9 gene, there is one NF-κB binding site and two activator protein-1 (AP-1) binding sites. Jin et al. found that Tan IIA (100 µM) can reduce MMP-9 activity by inhibiting ERK1/2/AP-1 and Akt/NF-κB signaling pathways, thereby inhibiting HASMC migration (Jin et al., 2008). (Figure 3)
VSMCs can promote the progression of AS by up-regulating inflammatory cytokines. LPS is an endotoxin that increases the expression of various inflammatory factors in VSMC. Toll-like receptors 4 (TLR4), a member of the TLR family, binds to LPS to induce innate and adaptive immune responses (Minguet et al., 2008). Transforming growth factor-β(TGF-β)-activated kinase 1 (TAK1) is a downstream molecule of TLR4 signaling pathway, which can cause the activation of NF-κB and promote the expression of various inflammatory factors. Meng et al. found that TanⅡA (25, 50, and 100 μmol/L) can reduce LPS (1 μg/mL)-induced inflammatory response in VSMC by inhibiting the TLR4/TAK1/NF-κB signaling pathway (Meng et al., 2019). Krüppel-like factor 4(KLF4) can regulate phenotypic transformation and regulates inflammatory response and proliferation of VSMC during cardiovascular remodeling (Hartmann et al., 2016). Qin et al. found that Tan ⅡA (1.0 μg/mL) could inhibit TNF-α-induced inflammation and proliferation of VSMC, and its mechanism is related to inhibiting the expression of miR-712-5p, thereby up-regulating KLF4 and down-regulating IL-1β, IL-6 and TNF-α. In vivo studies, TanⅡA (10 mg/kg/d) can reduce vascular inflammation and intimal hyperplasia induced by carotid artery ligation in C57BL/6 mice by inhibiting the expression of miR-712-5p (Qin et al., 2020). The main function of mature VSMC is systolic regulation. However, VSMC can undergo phenotypic transitions from the differentiation stage to the dedifferentiation stage, thus promoting the proliferation and migration of VSMC (Alexander and Owens, 2012). Lou et al. found that TanⅡA (1 μM) can regulate the phenotypic transformation of VSMC induced by platelet-derived growth factor (PDGF) and inhibit its proliferation, and the mechanism is related to the enhancement of KLF4 expression (Lou et al., 2020). (Figure 3)
VSMC, as a component of plaque cap, is related to plaque stability. Excessive apoptosis of VSMC can lead to atherosclerotic plaque rupture (Clarke et al., 2006). Wang et al. found that Tan ⅡA (40 and 80 μM) inhibited oxidized low-density lipoprotein (ox-LDL, 50 μg/mL)-induced apoptosis of VSMCs. In vivo studies, Tan IIA (30 mg/kg) also inhibited VSMCs apoptosis in the aortic root of ApoE−/− mice (Wang et al., 2017). Abdominal aortic aneurysm (AAA) is a cardiovascular disease with a mortality rate of up to 90%. Previous studies have shown that AAA is related to inflammation, VSMC loss, elastin and collagen destruction (Longo et al., 2002). Shang et al. found that Tan IIA (2 mg/rat/d) can inhibit the aortic size of SD rats induced by elastase. The mechanism may be related to reducing the overexpression of MMP-2, MMP-9, MCP-1 and inducible nitric oxide synthase (iNOS), and inhibiting the depletion of elastic fibers and VSMC (Shang et al., 2012). (Figure 3)
5 TAN IIA REDUCES ATHEROSCLEROTIC INFLAMMATION
In the past, the medical community believed that AS was a simple disease caused by the proliferation of VSMC and lipid accumulation in the artery wall. Now, it is generally believed that immunity and inflammation play an important role in the pathological process of AS (Major and Harrison, 2011). In the early stage of AS, the causes of AS are related to VECs injury, abnormal lipid metabolism and hemodynamic injury. When VECs are activated, they express inflammatory factors such as monocyte chemotactic protein-1 (MCP-1), IL-8, vascular cell adhesion molecule-1(VCAM-1), intracellular adhesion molecule-1(ICAM-1), platelet selectin (P-selectin), endothelial selectin (e-selectin), which attract monocytes to bind to VECs, and inflammation begins (Chistiakov et al., 2018). In the middle stage of AS, abnormal activation of macrophages in atherosclerotic plaques and uncontrolled production of pro-inflammatory factors mediate the progression of AS. In the late stage of AS, a large number of macrophages infiltrate the blood vessel wall, degrade ECM in plaque, and cause plaque rupture (Nagy et al., 1998).
The inflammasome is a group of polymeric protein complexes involved in the processing and maturation of inflammatory cytokines IL-1β and IL-18 (Latz et al., 2013). NLRP3 is one of the most characteristic inflammatory bodies. Wen et al. found that Tan IIA (10 μg/mL) can reduce the activation of NLRP3 induced by ox-LDL by inhibiting the expression of lectin-like ox-LDL receptor-1 (LOX-1) and cluster of differentiation 36(CD36) in bone marrow-derived macrophages (BMDMs). In vivo studies, Tan IIA (20 mg/kg/day) inhibited the production of IL-1β and IL-18 in aortic tissue and serum of ApoE−/− mice fed a high cholesterol diet (HCD) (Wen et al., 2020). MiRNA is a small non-coding RNA, approximately 22 nucleotides in length, that is involved in regulating ox-LDL-mediated signaling in macrophages (Zhang and Wu, 2013). Yang et al. found that Tan IIA (10 μM) inhibited ox-LDL-induced proinflammatory cytokine (IL-1β, IL-6, and TNF-α) secretion by down-regulating miR-33 in THP-1 macrophages (Yang et al., 2019). Previous studies have shown that Wnt5a can participate in the progression of AS by regulating inflammatory response (Bhatt and Malgor, 2014). Inhibition of Wnt5a can reduce foam cell formation and lipid accumulation in atherosclerotic plaques (Ackers et al., 2018). Yuan et al. found that Tan IIA (5 and 10 μM) inhibited lipid deposition and inflammation in ox-LDL-treated THP-1 macrophages by regulating the miR-130b/Wnt5a pathway (Yuan et al., 2020). (Figure 3)
The inflammatory response of AS is mediated by the interaction between blood vessel wall cells and white blood cells (Campbell and Campbell, 1986). Li et al. established an IL-1β-induced VEC-VSMC-monocyte co-culture model to study the pathogenesis of AS. It was found that Tan IIA (10 μM) inhibited the amount of monocyte adhered to the VEC surface and decreased the expression of TNF-α and MCP-1 secreted by VEC, as well as TGF-β1 and MMP-2 in VSMC supernatant (Li Y. et al., 2015). Amyloid β peptide (Aβ) is composed of 36–43 amino acids and is the proteolytic product of amyloid precursor protein (APP). Previous studies have shown that blood Aβ is closely related to the inflammatory pathology of AS (Kokjohn et al., 2011). Shi et al. found that Tan IIA (5 µM) inhibited the production of Aβ in platelets, and the mechanism was related to the activation of ER and the upregulation of PI3K/Akt pathway (Shi et al., 2014). Estrogen plays a protective role in AS. Tan IIA has an active conformation similar to 17 beta-estradiol, binding to ERs with high affinity. Liu et al. found that Tan IIA (30 and 60 mg/kg/d) can exert anti-AS inflammatory effects in ApoE−/− ovariectomized mice by inhibiting p-ERK1/2 expression and activating ERs (Liu et al., 2015). Circular RNA (CircRNA) is a kind of long non-coding RNA (lncRNA), which can promote messenger RNA (mRNA) transcription by binding with miRNA (Jin et al., 2016). Lan et al. found that STS (400 and 800 μM) inhibited LPS-induced inflammatory responses in RAW264.7 cells by a mechanism related to upregulation of circ-Sirt1 and subsequent blocking of NF-κB from entering the nucleus (Lan et al., 2022). (Figure 4)
[image: Figure 4]FIGURE 4 | Pharmacological effects of Tan IIA on macrophage inflammation, adhesion and lipid deposition. Tan IIA can reduce macrophage inflammation, inhibit lipid deposition, and inhibit the adhesion of macrophages to vascular endothelial cells.
Previous studies have shown that rupture of atherosclerotic plaques is a major cause of death in cardiovascular disease. Inflammation can lead to plaque progression and increased vulnerability. MMP-2 and MMP-9 are the major proteases that degrade collagen during atherosclerotic plaque instability (Pasterkamp et al., 2000). Xu et al. found that Tan IIA (10 and 30 mg/kg/d) reduced the size of aortic sinus AS lesions in HCD-fed apoE−/− mice. In addition, Tan IIA can also increase plaque stability by reducing necrotic nuclei and macrophage infiltration, and increasing VSMC and collagen content. In vitro studies have shown that Tan IIA (1 and 10 μM) can inhibit the expression of ROS, pro-inflammatory cytokines (IL-6, TNF-a, and MCP-1) and reduce the activity of MMP-9 in ox-LDL-induced RAW264.7 macrophages (Xu et al., 2011). Porphyromonas gingivalis(Porphyromonas gingivalis) is not only a pathogen associated with chronic periodontitis, but also an important risk factor for AS (Bostanci and Belibasakis, 2012). Xuan et al. found that Tan IIA (60 mg/kg/d) could reduce the size of atherosclerotic plaques in ApoE−/− mice induced by P. gingivalis infection. Further studies showed that Tan IIA also reduced the expression of CD40, TNF-α, IL-1β, IL-6, and MMP-2 in aortic tissue (Xuan et al., 2017). In another study, Xuan et al. found that Tan IIA (60 mg/kg/d) inhibited the progression of AS in P. Gingivalis-induced ApoE−/− mice by down-regulating NOX2, NOX4, and NF-κB (Xuan et al., 2023). Wang et al. found that Tan IIA (90 mg/kg) significantly reduced the size of plaques in the right common carotid artery and increased collagen content and fiber cap thickness in ApoE−/− mice. In vitro studies, Tan IIA (50 μmol/L) significantly reduced ox-LDL-induced lipid droplet accumulation in RAW 264.7 macrophages. In addition, Tan IIA downregulates the expression of inflammatory cytokines and MMP-9 by regulating the PI3K/Akt and TLR4/NF-κB signaling pathways (Wang et al., 2020). Previous studies have shown that the receptor of advanced glycation end products (RAGE) signaling pathway is involved in the production of chemokines and adhesion molecules. In addition, RAGE can activate MAPK and NF-κB by binding to ox-LDL or AGE, leading to upregulation of MMP, which accelerates erosion and thinning of the fiber cap and leads to plaque instability (Harja et al., 2008). Zhao et al. found that Tan IIA (30 mg/kg, 8 weeks) can reduce the expression of MMP-2, MMP-3, MMP-9 and inflammatory factors by inhibiting RAGE/MAPK signaling pathway, thus increasing the stability of atherosclerotic plaques (Zhao et al., 2016). (Figure 4)
TLR4/myeloid differentiation factor 88 (MyD88)/NF-κB signaling pathway is one of the important anti-inflammatory and immunomodulatory pathways. Chen et al. found that Tan IIA (10,30 and 90 mg/kg) plays an important role in stabilizing atherosclerotic plaques in HCD-fed ApoE−/− mice by inhibiting the TLR4/MyD88/NF-κB pathway (Chen et al., 2019). Macrophages are the basic components of atherosclerotic plaques and play a key role in plaque instability. It was found that macrophages showed different phenotypes. The M1 phenotype releases pro-inflammatory cytokines and ROS and plays a key role in the initiation of inflammation (Benoit et al., 2008). In contrast, the M2 phenotype produces anti-inflammatory cytokines and is involved in phagocytosis of dead cells (Gordon and Martinez, 2010). Autophagy is a repair process that plays a key role in maintaining cellular homeostasis. Macrophage autophagy can reduce the accumulation of foam cells and inflammation in plaque, and play a role in stabilizing plaque. Chen et al. found that Tan IIA (10 mg/kg) inhibited lipid accumulation in the aorta of HCD-fed ApoE−/− mice and increased the number of M2 phenotypes in AS lesions. In vitro studies, Tan IIA (10 μg/μL) enhanced ox-LDL-induced macrophage autophagy and increased M2 phenotype by a mechanism associated with inhibition of the miR-375/KLF4 signaling pathway (Chen et al., 2019). TGF-β is a cytokine involved in cell differentiation, proliferation, growth and apoptosis. Previous studies have found that TGF-β can affect the stability of atherosclerotic plaque by inhibiting monocyte chemotaxis, reducing the proliferation of VSMC, inhibiting ox-LDL absorption, anti-inflammatory and antioxidant (Castañares et al., 2007). Wang et al. found that Tan IIA (10 mg/kg) can reduce inflammatory damage and stabilize atherosclerotic plaque by activating TGF-β/PI3K/Akt/eNOS signaling pathway (Wang et al., 2020). Intracellular chloride channel 1(CLIC1) is a sensor and effector during oxidative stress and plays a major role in diseases involving oxidative stress. Zhu et al. found that STS (10 mg/kg) inhibited oxidative stress and inflammatory response in the aortic atherosclerotic plaques of ApoE−/− mice fed with HCD. In vitro studies, STS (0.4 mmol/L) alleviated oxidative stress in HUVEC cells and inhibited the expression of inflammatory factors and adhesion molecules by inhibiting CLIC1 expression and membrane ectopia (Zhu et al., 2017). Cyclooxygenase-2(COX-2) is a well-known inducer of the inflammatory response. Ma et al. found that Tan IIA (25 μg/mL) mitigated the upregulation of inflammatory factors in ox-LDL-induced HUVECs by inhibiting the COX-2/TNF-α/NF-κB signaling pathway (Ma et al., 2023). (Figure 4)
6 TAN IIA INHIBITS LIPID DEPOSITION
AS is characterized by the deposition of excess cholesterol in the intima of the arteries. Foam cells play a crucial role in the development of AS. CD36 and class A scavenger receptor (SR-A) are important receptors for macrophage uptake of modified lipoproteins, which can increase lipid deposition in macrophages. In addition to cholesterol uptake, the balance of free cholesterol and cholesterol ester is also crucial for the regulation of cholesterol content in macrophages. After internalization, lipoproteins are delivered to lysosomes, where cholesterol ester is hydrolyzed to free cholesterol by lysosomal acid lipase (LAL). To prevent free cholesterol associated cytotoxicity, it is reesterified by Acyl coenzyme A:cholesterol acyltransferase-1 (ACAT1) on the endoplasmic reticulum and stored in cytoplasmic lipid droplets (Zhu et al., 2018). Excess cholesterol ester accumulate in macrophages, leading to the formation of foam cells. Cholesterol ester in the endoplasmic reticulum can be hydrolyzed by neutral cholesteryl ester hydrolase (nCEH) to release free cholesterol for transporter-mediated efflux. ABCA1, ABCG1 and scavenger receptor class B (SR-B) play important roles in macrophage cholesterol expulsion (Zhu et al., 2018). Reverse cholesterol transport (RCT) is described as high-density lipoprotein (HDL) transporting excess cholesterol stored in peripheral tissues to the liver. In the liver, cholesterol can be excreted directly into bile or metabolized into bile acids/salts. Liver X receptor (LXR) is a key transcription factor that regulates cholesterol in macrophages. It drives the expression of efflux genes, including ABCA1 and ABCG1. In addition, LXR can also promote low-density lipoprotein receptor (LDLR) degradation, thereby limiting the uptake of exogenous cholesterol. SREBPs, a membrane-bound transcription factor, regulates the expression of genes associated with cholesterol intake, such as LDLR (Zhu et al., 2018).
Ox-LDL induces expression of scavenger receptors, including CD36 and SR-A, in macrophages. Studies have shown that PPARγ is involved in the regulation of CD36 by ox-LDL (Nagy et al., 1998). Tang et al. found that Tan IIA (10–90 mg/kg) can reduce the atherosclerotic plaques in the aortic arch of ApoE−/− mice, and reduce the expression of CD36 and SR-A mRNA in the aorta. In vitro studies, Tan IIA (0.1–10 μM) reduced mRNA and protein expression of CD36 in ox-LDL-induced macrophages, but had no effect on SR-A expression, the mechanism of which is related to inhibition of PPARγ (Tang et al., 2011). Jia et al. found that Tan IIA (10 mg/kg) increased LDLR and SREBP-2 protein expression in the liver tissue of HCD-fed SD rats and significantly reduced hepatic lipid deposition. In addition, Tan IIA increased the expression of ABCA1 protein and decreased the expression of CD36 in macrophages (Jia et al., 2016). Previous studies have shown that elevated levels of ox-LDL in serum are one of the risk factors for AS (Anselmi et al., 2006). Chen et al. found that Tan IIA (3,10 and 30 mg/kg/d) could reduce the ox-LDL content in serum and aorta of HCD-fed New Zealand white rabbits, and increase the activity of SOD and glutathione peroxidase (GPx), thereby improving AS (Chen et al., 2012). HO-1, an anti-infection and antioxidant enzyme, is considered as a new target for the treatment of AS (Stocker and Perrella, 2006). Liu et al. found that Tan IIA (30 mg/kg/d) reduced the expression of SR-A and CD36 and increased the expression of ABCA1 and ABCG1 in the aorta of ApoE−/− mice, thereby shrinking atherosclerotic plaques. In vitro studies, Tan IIA (1,3 and 10 μM) downregulated the expression of SR-A and upregulated the expression of ABCA1 and ABCG1 by activating the ERK/Nrf2/HO-1 signaling pathway, thereby inhibiting ox-LDL-induced cholesterol accumulation in THP-1 macrophages (Liu et al., 2014). Omentin-1 is a beneficial adipokine that has a preventive effect on AS (Watanabe et al., 2016). Tan et al. found that Tan IIA (20, 40 and 80 mg/L) inhibited excessive cholesterol accumulation in THP-1 macrophages by upregulating the Omentin-1/ABCA1 pathway (Tan et al., 2019). (Figure 4)
Macrophage efferocytosis refers to the process of phagocytosis and degradation of apoptotic cells by macrophages (Jia et al., 2022). Effective efferocytosis can remove necrotic and dead cells from the lesion, reduce tissue damage, and also reduce AS (Gerlach et al., 2021). Impaired efferocytosis function may further accelerate the progression of AS (Kasikara et al., 2021). Efficient efferocytosis can effectively degrade lipids swallowed by macrophages and reduce the production of foam cells. Wang et al. found that Tan IIA (intraperitoneal injection, 15 mg/kg/d) enhanced the expression of efferocytosis-related signals and the clearance of apoptotic cells in the aorta of LDLR−/− mice fed a high-fat diet. Efficient efferocytosis can also effectively degrade lipids swallowed by macrophages and reduce the production of foam cells. In vitro studies, Wang et al. found that Tan IIA (20 or 40 μM/L) increased the expression of efferocytosis-related molecules in ox-LDL-induced RAW264.7 macrophages and reduced the accumulation of macrophage-derived foam cells (Wang et al., 2023). (Figure 4)
Autophagy has been shown to be involved in lipid metabolism (Kovsan et al., 2010). During the development of AS, the activation of macrophage autophagy contributes to the breakdown of intracellular lipids, thereby reducing foam cell formation (Ouimet et al., 2011). Qian et al. found that Tan IIA (10 mg/kg/d) can reduce lipid accumulation in atherosclerotic plaques of ApoE−/− mice fed high fat diet by up-regulating autophagy. In vitro studies, Tan IIA (10 μg/μL) can inhibit ox-LDL-induced lipid deposition in RAW264.7 macrophages by inhibiting miR-214-3p/autophagy-related protein-16-like protein 1 (ATG16L1) pathway to promote autophagy (Qian et al., 2023). (Figure 4)
7 TAN IIA INHIBITS MONOCYTE ADHESION TO VASCULAR ENDOTHELIAL CELLS
Adhesion molecules play an important role in the formation of AS. Adhesion molecules associated with AS include immunoglobulin superfamily (IgSF), selectin family and integrin family. IgSF can interact with integrin family adhesion molecules to participate in cell recognition and adhesion. There are three main types of IgSF: platelet endothelial cell adhesion molecule-1 (PECAM-1), ICAM-1 and VCAM-1. The selectin family is mainly involved in rolling adhesion of leukocytes. There are three types of this family: P-selectin, e-selectin, and leukocyte selectin (L-selectin). The integrin family is a glycoprotein receptor that exists on the surface of cells (Zhu et al., 2018). It is well known that AS is an inflammatory process (Libby, 2002). The initial process of inflammation is the migration of white blood cells in the vascular lumen and their adherence to VECs. Cell adhesion molecules are critical in the adhesion of circulating monocytes to VECs (Qian et al., 2012).
Previous studies have shown that VCAM-1 promoters contain several transcription factor binding sites, including NF-κB, GATAs, specificity protein-1(SP-1), AP-1, and interferon regulatory factor-1(IRF-1) binding site. Nizamutdinova et al. found that Tan IIA (1, 5, 10 and 50 μM) inhibited VCAM-1 secretion by TNF-α-induced HUVEC cells. The mechanism is related to the downregulation of IRF-1 and GATA transcription factors by inhibiting PI3/Akt, protein kinase C(PKC) and JAK/STAT3 signaling pathways (Nizamutdinova et al., 2012). Fractalkine is an atypical chemokine that binds to CX3C chemokine receptor 1(CX3CR1) in nearby cells to induce cellular chemotaxis (Bazan et al., 1997). Therefore, fractalkine plays a key role in nearby monocyte homeostasis in the late stages of AS (Stolla et al., 2012). Chang et al. found that Tan IIA (1, 5, 10 and 20 μM) significantly inhibited the adhesion of TNF-α-induced THP-1 monocytes to HUVEC, and the mechanism was related to the inhibition of VCAM-1, ICAM-1 and fractalkine (Chang et al., 2014). EPCs are a type of cell involved in endothelial repair. EPCs proliferates in the bone marrow and is released upon vascular injury, migrates to the injury site and matures into VECs (Altabas et al., 2016). Monocytes can adhere to circulating EPCs via VCAM-1 and ICAM-1. When EPCs are incorporated into VECs, these monocytes are implanted into damaged blood vessels. Yang et al. found that Tan IIA (1, 5, 10 and 20 μM) can downregulate VCAM-1 and ICAM-1 by inhibiting the NF-κB pathway, thereby reducing the adhesion of monocytes to EPCs (Yang et al., 2016). In another study, Tang et al. found that Tan IIA (5, 10 and 20 μM) downregulates VCAM-1 and ICAM-1 expression by inhibiting NF-κB activation and ROS production in BMVECs, thereby inhibiting TNF-α-induced monocyte adhesion to BMVEC (Tang et al., 2011). Pentraxin 3(PTX3), an acute phase protein, can be induced by a variety of pro-atherosclerotic stimuli, such as LPS, TNF-α, IL-1β, and high sugar levels. PTX3 is closely related to a variety of CVDs. For example, PTX3 can damage the production of vasoactive NO in VECs and promote the formation of foam cells (Liu et al., 2014; Carrizzo et al., 2015). Fang et al. found that Tan IIA (0.1–5 μM) can reduce the expression of PTX3 in TNF-α-induced HUVECs and inhibit the adhesion of THP-1 monocytes to endothelial cells by inhibiting the p38 MAPK/NF-κB signaling pathway (Fang et al., 2018). (Figure 4)
8 PHARMACOKINETICS AND TOXICOLOGY OF TAN ⅡA
Most of the pharmacokinetics and safety reports of Tan ⅡA came from Chinese literature. Tan ⅡA is insoluble in water, and its oral preparation has poor intestinal absorption and low bioavailability (Li et al., 2014). Its absorption mechanism in the stomach may be passive transport, while its absorption mechanism in the intestine may be active diffusion, and the colon is the best site for absorption. It has been reported that there are a variety of bacteria and bioconvertases in the colon, which also promote the absorption of Tan ⅡA (Hu et al., 2008). Hao et al. studied the tissue distribution of Tan ⅡA in rats. They injected 2 mg/kg of TanⅡA intravenously into rats, and after 15 min, TanⅡA rapidly distributed to various tissues, and the concentration of Tan ⅡA in liver, lung, heart, kidney and brain tissues decreased successively. Lower concentrations in brain tissue indicate a poor ability to cross the blood-brain barrier. In addition, the distribution of Tan ⅡA in the kidney was found to be relatively low (Hao et al., 2006). Zhao et al. gave 60 healthy subjects a single intramuscular injection of STS 40mg and 80 mg respectively, and then measured the drug concentration of STS injection in plasma. The results showed that the half-life of the drug was 52.5–63.6 min, and the peak time was 41.9–56.7 min (Zhao et al., 2023). Bi et al. studied the metabolism of Tan ⅡA in rat liver microsomal enzymes. The results showed that the maximum velocity (Vmax), kinetics parameters michaelis constant (Km) and intrinsic clearance (CLint) of Tan ⅡA in rat liver microsomal enzyme were (1.20 ± 0.18) nmol·min-1·mg, (4.35 ± 0.67) nmol/mL, and (0.28 ± 0.06) mL·min-1·mg. In a follow-up experiment, Bi et al. observed the effects of different types of cytochrome P450(CYP) enzyme specific inhibitors on TanⅡA metabolism. They found that CYP2C19 and CYP3A1 are mainly involved in the metabolism of Tan ⅡA, and CYP2D6 also plays a part in the metabolism (Bi et al., 2007).
STS is a water-soluble substance obtained by sulfonation of Tan ⅡA. Compared with other traditional Chinese medicine injections prepared from Salvia miltiorrhiza extract, the adverse drug reactions (ADRs) were less and the safety was higher. Wang et al. (Wang et al., 2014) comprehensively analyzed 27 adverse events of STS injection according to clinical case reports and literature. The results showed that the main adverse reactions of STS were allergic reactions (about 30%), which mainly involved skin and its appendages, including skin rash, skin itching and local reaction after injection. The systemic damage and circulatory system reaction of STS were mainly manifested as anaphylactic shock, chills, fever, chest tightness and blood pressure drop. After symptomatic treatment, the adverse reactions of STS were alleviated or disappeared, and there was little effect on the original disease and no obvious sequelae. Although no death cases were reported in the collected literature, there were 6 cases of life-threatening anaphylactic shock, which suggested that the serious adverse reactions of TanⅡA should be closely monitored and timely treatment to avoid serious consequences. TanⅡA is an extract of S. miltiorrhiza, which has the characteristics of complex composition and insufficient purity of effective monomer in the process of processing and extraction, which is easy to cause the production of allergic media. In addition, STS may precipitate insoluble TanⅡA sulfonic acid during drug storage and use, resulting in particles entering the body, which can easily lead to allergic reactions (Shi et al., 2007). Shi et al. conducted a safety-related analysis of STS injection in patients at Zhongshan Hospital Affiliated to Fudan University. Of the 125 patients using STS injection, no serious adverse events occurred, and 7 (5.6%) had mild adverse events. These mild adverse events included 4 cases of abnormal elevated liver aminotransferase levels, 1 case of abnormal elevated aminotransferase levels with suspected positive fecal occult blood, 1 case of abnormal elevated aminotransferase levels with ecchymosis on the right forearm, and 1 case of left eye conjunctival hemorrhage. All seven patients were treated with other drugs that may cause these adverse events, such as statins and antithrombotic drugs, during the STS injection. TanⅡA and statins are metabolized mainly by P450 enzymes, which are important enzymes involved in drug metabolism in the body and can be competed or inhibited. Shi et al. suspected that STS injection may affect the metabolic rate of statins and increase their blood concentration, which may lead to an abnormal increase in the level of transaminase (Shi et al., 2016). Most ADRs of TanⅡA occur during the first medication cycle. More than one-third of ADRs occurred within 40 min, but 17.4% of ADRs occurred more than 1 day (Shu et al., 2015). Before using STS, medical staff should understand the patient’s allergy history, liver and kidney function, and underlying diseases in detail, and make a comprehensive assessment to decide whether to use STS. Finally, first aid preparations should be made in advance to reduce the occurrence of adverse reactions.
9 DISCUSSION
Tan IIA, a fat-soluble compound extracted from the Chinese herb S. miltiorrhiza, has a protective effect on blood vessels. This paper reviews the mechanism of Tan IIA in protecting blood vessels. Tan IIA can reduce VECs damage by inhibiting oxidative stress and inflammation. In addition, Tan IIA can also improve endothelium-dependent vasodilation function and protect the vascular endothelial barrier. Tan IIA can also reduce vascular stenosis by inhibiting inflammation, proliferation, and migration of VSMC cells, and improve the stability of the fibrous cap of atherosclerotic plaque by inhibiting VSMC apoptosis. Finally, Tan IIA can inhibit inflammatory response and lipid deposition in atherosclerotic plaques, inhibit MC adhesion to VECs and inhibit platelet activation.
The protective mechanism of Tan IIA on blood vessels is complex and networked. At present, researchers have not studied the pharmacological mechanism of Tan IIA deeply. The pathway identified in previous studies may only be part of the downstream signaling pathway after Tan IIA acts on a specific molecular target. Therefore, we propose to investigate specific molecular targets of Tan IIA using a systems biology approach. For example, Ma et al. used a photosensitive probe to label metformin and eventually identified PEN2 as a direct target of metformin (Ma et al., 2022).
It should be noted that the results from different studies are not entirely consistent. Wang et al. (Wang et al., 2020) found that Tan IIA (90 mg/kg) significantly reduced the size of the right common carotid atherosclerotic plaque in ApoE−/− mice, while Zhao et al. (Zhao et al., 2016) found that, Tan IIA (30 mg/kg) did not change atherosclerotic plaque size in ApoE−/− mice. The two studies reached inconsistent conclusions, which may be related to the different doses of Tan IIA. Tang et al. (Tang et al., 2011) found that Tan IIA (0.1–10μM, 24 h) reduced the protein expression of CD36 in ox-LDL (50 μg/mL, 24 h)-induced macrophages, but had no effect on the expression of SR-A. However, Liu et al. (Liu et al., 2014) found that Tan IIA (1, 3 and 10 μM, 24 h) could inhibit ox-LDL (10 μg/mL, 4 h)-induced cholesterol accumulation in THP-1 macrophages by down-regulating SR-A expression. The regulation of Tan IIA on SR-A expression was inconsistent between the two studies, which may be related to ox-LDL concentration and intervention time.
Tan ⅡA is insoluble in water, poor intestinal absorption of oral preparations, and low bioavailability, which limits the clinical use of TanⅡA. STS is a water-soluble substance obtained by sulfonation of Tan ⅡA, which improves bioavailability. It should be pointed out that STS has some adverse reactions when used in some patients. The main adverse reaction of STS is anaphylaxis (about 30%), which mainly involves the skin and its appendages. Although the adverse effects of STS are mostly mild, some life-threatening conditions can occur, such as anaphylactic shock. Before using STS, medical personnel should ask patients about their allergy history, liver and kidney function, and underlying diseases to comprehensively evaluate whether STS can be used.
Finally, the effect of Tan ⅡA in AS is mostly studied in animal models and cell models, and there are few clinical trial data. Therefore, we suggest that large-scale clinical trials should be conducted to evaluate the efficacy of TanⅡA in protecting against AS.
10 CONCLUSION
In conclusion, the mechanism by which Tan II A protects blood vessels is complex. It should be noted that the pharmacological mechanism of Tan II A has been studied mainly through animal and cell experiments, and there are few clinical studies. In addition, we need to pay attention to the adverse reactions of Tan IIA. Before using STS injection, clinical staff should know the patient’s allergy history, liver and kidney function and underlying diseases in detail. Finally, we suggest that researchers use systems biology approaches to identify specific molecular targets for Tan IIA and fundamentally elucidate the mechanism of Tan IIA.
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