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Introduction
Life-threatening disorders like coronary heart disease, 

cerebrovascular, peripheral arterial, rheumatic heart, congenital heart 
diseases, deep-vein thrombosis, and pulmonary embolism are caused 
due to impairment of heart and blood vessels, and they are collectively 
known as cardiovascular diseases (CVDs). The World Health 
Organization (WHO) has reported that CVDs are the primary cause 
of mortality worldwide, with an estimated 17.3 million people death in 
2008 [1]. According to the American Heart Association (AHA), CVD is 
the leading cause of deaths in the United States (>800 000 deaths/year) 
with an estimated annual total cost of $444 billion for the treatment [2]. 
Patients with cardiovascular disease are treated by various medications 
to reduce hypertension, palpitation, cholesterol, and blood vessel 
narrowing drugs. 

Though these drugs help to combat the severity of the diseases, 
they trigger serious side effects such as fatigue, shortness of breath, 
headache, and dizziness [3]. Valsartan is an angiotensin receptor 
blocker, and used to treat  hypertension and heart failure. However it 
causes unwanted side effects, and may induce myocardial infarction 
[4]. Statins are the most effective drugs in the treatment of lowering 
low-density lipoproteins and coronary heart disease. Even though, they 
do cause cardiomyopathy or rhabdomyolysis and polyneuropathy with 
adverse side-effects [5]. Hence, there is an urgent need for research and 
development to design new therapeutic agents with low side-effects for 
the treatment of cardiovascular diseases.

There has been considerable interest in the role of natural products 
and their bioactive components in the prevention and treatment of 
cardiovascular disorders [6]. Recently, many researchers have paid a 
special attention on the cardioprotective properties of polyphenols. The 
natural polyphenols exert vasodilator effect and are able to manage lipid 
profiles in the human system [7]. 

Scutellaria baicalensis Georgi (Common name: Baikal skullcap 
and Huang Qin in China), also known as Radix Scutellariae, belongs 
to the family Lamiaceae. It has been widely used in traditional Chinese 
medicine (TCM) to treat bacterial, viral infections and cardiovascular 
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diseases [8,9]. Huang Qin-Tang decoction has been used for the 
treatment of ulcerative colitis, fever, hepatitis, allergic diseases, and 
hypertension for thousands of years. S. baicalensis and Paeonia lactiflora 
Pall. (Paeoniaceae) are the key ingredients of this herbal preparation, 
and comprising of baicalein, wogonoside, baicalin, and wogonin as 
the active bioflavonoids [10]. Baicalein possesses broad spectrum of 
biological activity, and a major constituent of the East Asian herbal 
remedy, “Sho-saiko-to” [11]. In Japan this herbal mixture is popularly 
used for the treatment of liver diseases [12]. Baicalein also present in 
Oroxylum indicum (L.) Kurz (Bignoniaceae), which is commonly used 
in Indian Ayurvedic system of medicine to treat various disorders [13]. 

It has been reported that baicalein acts as an α-glucosidase inhibitor 
[14], and possesses the following therapeutic properties; anticancer 
[15, 16], osteosarcoma treatment [17], apoptosis induction in human 
myeloma cells [18], neuroprotective [19], and protection from 
metabolic syndrome [20]. This review highlights the recent studies 
which establish the cardioprotective features of baicalein and examines 
the underlying mechanisms involved in this property.

Baicalein in Cardiovascular System
Nitric oxide (NO) is an important signaling molecule and free 

radical, involved in variety of pathophysiological functions. It plays a 
key role in myocardial ischemia and in myocardial preconditioning 
[21]. Chen et al. [22] demonstrated that baicalein significantly inhibit 
the NO production and iNOS gene expression. Mouse macrophage 
cell line RAW 264.7 was induced by 24 hours incubation of 100 ng/
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mL lipopolysaccharides (LPS). The cells were treated with different 
concentrations of baicalein (20 and 40 µM) and investigated the 
nitrite accumulation in the culture medium. As a result baicalein 
showed concentration dependent inhibition of nitrite production 
(IC50 19.4 ± 1.0 µM). At the same time baicalein did not affect the 
viability of macrophages. Western blot analysis obviously revealed 
that NO production and inducible nitric oxide synthase (iNOS) gene 
expression was inhibited by baicalein in concentration dependent 
manner. However, this compound did not affect iNOS enzyme activity. 
Furthermore, co-treatment with NOS inhibitors such as N-nitro-
L-arginine (NLA) and N-nitro-L-arginine methyl ester (L-NAME) 
enhanced LPS-induced iNOS gene expression, which was also inhibited 
by baicalein. 

San-Huang-Xie-Xin-Tang
San-Huang-Xie-Xin-Tang (SHXT) is a Chinese herbal remedy 

comprising Scutellariae radix as a main constituent. This was examined 
for their cardioprotective effects in both animal model (Wistar rats) 
and cell lines (RAW 264.7). The LPS stimulated arterial hypotension 
was inhibited by 0.01 and 0.03 g/kg of SHXT as it was given before the 
administration of LPS. Baicalein is one of the active ingredients of this 
formula and prevented LPS-induced arterial hypotension, mediated by 
the inhibition of iNOS and COX-2 gene expression [23]. 

Liou et al. [24] demonstrated the effect of SHXT in a rat model of 
acute myocardial apoptosis induced by ischemia/reperfusion (I/R). 
Both intravenous and oral SHXT treatment reduced the infarct size 
dose-dependently when compared with the vehicle group. SHXT 
also decreased the apoptosis with increased Bcl-2/ Bax (an apoptosis 
inhibitor/an apoptosis promotor) ratio. The SHXT counteracted the 
I/R-induced downstream signaling, as the consequence, increased 
myocardial eNOS expression and decreased activation of ERK1/2, p38 
and JNK pathways. Baicalein might be a potential active compound 
present in SHXT and responsible to prevent arterial hypotension and 
rat hearts from ischemia.

Pro-oxidant Effect of Baicalein
In general, flavonoids are known to exhibit free radical scavenging 

activity, and attenuate oxidative stress in cells. But Woo et al. [25] 
demonstrated an alternative protective mechanism of baicalein in 
cardiomyocytes. The effects of baicalein and antioxdative enzymes 
during hypoxia were analyzed by hypoxia/reoxygenation (H/R) 
treatment. Cardiomyocetes isolated from newborn Sprague Dawley 
(SD) rats were subjected to hypoxia by providing 0.5% of oxygen for 8 
hours. After that the cells were incubated under normaxia for an hour. 
Pretreatment with 10 µM baicalein reduced lactate dehydrogenase 
(LDH), and also increased the survival rate of cardiomyocetes during 
H/R. N-acetylcysteine (NAC) treatment with baicalein attenuated the 
protective effect, and concomitantly increased intracellular reactive 
oxygen species (ROS) level. It implies that baicalein was autoxidized 
with concomitant generation of hydrogen peroxide, and in addition 
NAC could amplify this effect. Studies on antioxidant enzymes such as 
superoxide dismutase (SOD), glutathione (GSH), and catalase (CAT) 
revealed the involvement of hydrogen peroxide in the cardioprotective 
mechanism. This experiment demonstrates that the importance of the 
prooxidant effect of baicalein in cardioprotection. 

Cardiovascular Deficits Lead to Cerebral Hypoperfusion
Heart failure is associated with impaired cognitive function 

characterized, mainly as delirium and mild cognitive impairment 
[26]. CVD has become an important risk factor in the development 

of cognitive decline, and Alzheimer’s disease. Cerebral hypoperfusion 
is induced by cardiovascular deficits including atrial fibrillation, 
thrombotic events, hypertension, low cardiac index, and valvular 
pathology [27]. Liu et al. [28] observed that baicalein improves cognitive 
impairment, and neuronal degeneration in a rat model which mimics 
cerebrovascular hypoperfusion called 2 VO (permanent occlusion of 
bilateral common carotid arteries). Intraperitonial administration of 
2 to 4 mg/kg baicalein to the animals daily notably ameliorates the 
cognitive deficits and neuropathological changes. Long term treatments 
with baicalein attenuated the free radical formation, and compensate 
the antioxidant system. This study shows that neuroprotective functions 
of baicalein might be governed by its antioxidant action.

Anti-fibrotic Effect
Fibrosis is the formation of excess fibrous connective tissue in an 

organ or tissue in a reparative or reactive process. Myocardial interstitial 
fibrosis is a structural determinant of left ventricular (LV) stiffness and 
diastolic dysfunction. Administration of baicalein (200 mg/kg/day) 
to spontaneously hypertensive rats and normotensive Wistar-Kyoto 
rats for 12 weeks significantly reduced the LV procollagen expression. 
Collagen volume fraction of baicalein fed rats (-2.00 ± 0.44%) was 
comparable to standard drug valsartan treated (-1.56 ± 0.46%) 
group. Further, the echocardiography results revealed that systolic 
and diastolic intraventricular septum thickness was also significantly 
reduced [29,30]. This finding suggested that long term administration 
of baicalein exerts antifibrotic effect in animal model. 

Baicalein Protects Chicken Embryonic Cardiomyocytes
Embryonic ventricular cardiomycetes were prepared from 11-

day old chick embryo. The cardioprotective effect of  baicalein 
was carried out in ischemia-reperfusion model. Treatment  with 
baicalein (0.1 to 5 μM) was reduced hypoxia–reoxygenation-
induced myocardial death in concentration dependent manner and 
attenuated the apoptosis. Pretreatment with opioid receptor antagonist 
(naloxone), opioid μ-receptor (β-funaltrexamine) and δ-receptor 
(7-Benzylidenenaltrexone), and protein kinase C blocked the baicalein’s 
beneficial effect. Gene expression analysis exhibited that the presence 
of opioid receptors mRNA in chicken embryonic cardiomyocytes, and 
protective activity was mediated by μ and δ receptor related signaling 
pathways [31]. 

Against Doxorubicin-Induced Cardiotoxicity
Doxorubicin (DXR) or a driamycin is an anticancer anthracycline 

antibiotic that presents a dose-dependent and additive cardiotoxicity 
as serious side effect [32]. Adriamycin administration in rats causes 
cardiomyopathy and congestive heart failure [33]. Cardiotoxic side-
effects represent a serious complication of anticancer therapy with 
doxorubicin, and various mechanisms have been proposed to explain 
DXR-induced cardiotoxicity [34]. DXR (10 μM) increased cell death, 
DNA fragmentation and the phosphorylation of ROS-sensitive pro-
apoptotic kinase c-Jun N-terminal kinase (JNK) in chick cardiomyocyte 
model. Adjunct treatment of baicalein (25 μM) and doxorubicin 
significantly reduced both free radical generation and cell death by 
inhibiting apoptosis. It also weakened the dissipated mitochondrial 
potential and increased DNA fragmentation. In addition, concurrent 
baicalein treatment did not affect the anti-proliferative effect of 
doxorubicin in human breast cancer MCF-7 cells [35]. This study 
demonstrated that baicalein protects cardiomyocetes from DXR 
toxicity by quenching radicals and preventing apoptosis. 
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Cardiac Contractile Function
The interest in the study of endotoxemia in the clinical science 

was attracted as a result of incidence of sepsis in animal models [36]. 
Myocardial depression is a well known indication of organ dysfunction 
in sepsis. Baicalein (10 mg/kg) was administered intravenously to 
Wistar rats 30 min after induced with 10 mg/kg LPS (Figure 1). The 
contractile function of the isolated heart was examined, and cardiac 
protein expression related to inflammatory responses, superoxide 
anion production and caspase-3 were also measured. Baicalein 
significantly attenuated the LPS-induced hypotension through heme 
oxygenase-1 induction and reduced superoxide anion formation in the 
myocardium of rats [37]. This study noticeably indicates that baicalein 
improves cardiac contractility in LPS-induced sepsis by the suppression 
of inflammatory markers, and inhibition of apoptosis.

Protects Against Endothelin-1
Endothelin-1 (ET-1) is a peptide hormone, vasoconstrictor 

secreted by endothelial cells, which acts as the natural counterpart 
of the vasodilator NO [38,39]. It has associated with human aging, 
including hypertension, Type 2 diabetes and coronary artery disease 
[40]. Lin et al. [41] studied the antiproliferative effects of baicalein on 
ET-1 mediated pulmonary artery smooth muscle cells (PASMCs) which 
would contribute to pulmonary arterial hypertension (PAH). 

Intrapulmonary artery smooth muscle cells were isolated and 
cultured from female SD rats. Baicalein (0.3 to 3 µM) inhibited PASMCs 
proliferation, promoted cell cycle progression, enhanced [Ca2+] i levels, 
upregulated the canonical transient receptor potential 1 (TRPC1) 
channel and membrane protein kinase C expression induced by ET-1 
[41]. This observation suggests that baicalein exhibited antiproliferative 
activity on ET-1 induced PASMC, and could be potential agent to PAH. 

Neonatal Cardiomyocyte Injury
Jun et al. [42] observed the effect of baicalein on myocardial ischemia 

in male SD rats caused by coronary artery ligation, and Na2S2O4-induced 
H/R injury of neonaltal cardiomyocytes. Animals were pretreated with 
intragastric administration of different concentrations baicalein (40, 80 
and 160 mg/kg) for 7 days. Pretreatment with baicalein (160 mg/kg) 
effectively inhibited ischemia induced elevation of J point in ECG, and 
diminished CK, LDH and MDA in serum, and also decreased serum 
SOD activity in a dose-dependent fashion. Baicalein pretreatment 
in vitro increased the viability of H2O2-injured cardiomyocytes, and 
decreased the leakage of LDH. Hence, pretreatment with baicalein 
has the ability to protect rat myocardium from ischemia and neonatal 
cardiomyocetes. 

Mitochondrial Damage Mediated Apoptosis
Wang et al. [43] observed the effect of baicalin pretreatment on 

reperfusion injury in vivo, and possible underlying mechamisms. 
Coronary artery occlusion and reperfusion in mice were performed. 
Baicalein (100 mg/kg) was administered via the left jugular vein 10 
min before left anterior descending coronary artery (LAD) ligation. 
After 2 hours of reperfusion, area at risk (AAR) and infarct size (INF) 
were studied by heart staining of Evans blue and tetrazolium chloride 
to determine. In addition, apoptosis was determined by TUNEL 
assay. The results of this study showed that the ratios of INF to AAR 
(46.75 ± 1.94%) were significantly decreased in the baicalin group. In 
addition, baicalein dramatically reduced the mitochondrial damage, 
and associated with mitochondria mediated apoptosis. 

Adverse effects of Baicalein
Endothelium-derived relaxing factor (EDRF) is an unstable 

substance produced from artery and vein that mediates the functions 
of endothelium-dependent vasodilators. But NO is an unstable 
endothelium-independent vasodilator that is released from vasodilator 
drugs such as nitroprusside and glyceryl trinitrate. It was identified by 
experiments that EDRF behaves like NO and labile nitroso species [44]. 
NO and cyclic guanosine monophosphate (GMP) consist of many key 
roles in physiological regulation, including smooth muscle relaxation, 
visual transduction, intestinal ion transport, platelet function and 
biochemical interactions [45]. In contrast, acute exposure or lower 
concentration of baicalein enhances sensitivity to receptor dependent 
vasoconstrictor agonists in rat arteries [46]. 

Huang et al. [47] observed the effect of baicalein on endothelium-
dependent and -independent relaxation in SD rat excised aortic rings. At 
the end of experiment they found baicalein impaired the endothelium 
independent relaxation by NO donors. Baicalein at 50 µM significantly 
reduced both acetylcholine and cyclopiazonic acid induced relaxation. 
Baicalein also reduced the cyclic GMP levels stimulated by acetylcholine 
in endothelium-intact rings. Acute exposure to baicalein (10 μM) 
impairs eNOS/endothelium-derived nitric oxide-mediated vascular 
tone in isolated aortic rings from normal Wistar-Kyoto rats through the 
inhibition of endothelium-derived nitric oxide and cyclooxygenase-
mediated release of superoxide anions [48]. 

Conclusion
Drug development and clinical use of plant derived compounds 

have improved dramatically in recent years. In this review, the main 
molecular mechanisms underlying the cardioprotective properties 
of baicalein have been concisely reported. In vitro and in vivo studies 
demonstrate that baicalein, a naturally occurring flavonoid which 
improves the cognitive deficits, neuropathological changes, antioxitant 
activity, and acts as antifibrotic agent. It protects cardiomyocetes via 
many signal transduction pathways. Further clinical studies are greatly 
required for the development of baicalein as promising drug to treat 
cardiovascular diseases.
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