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Abstract: Baicalin and its aglycon, baicalein, are flavonoids present from Scutellaria baicalensis Georgi. Baicalin 

generally inhibits tumor cells by inducing apoptosis and arresting growth, while baicalein suppresses by regulating 

autophagy. Certain signaling pathways and regulating factors are involved among the induced-apoptosis and 

autophagy progress. In suppressing growth, baicalin and baicaein inhibit angiogenesis or induce cell cycle arrest at S 

phase against proliferation, migration and differentiation. The present agents against tumor still have related side 

effects. Therefore, the natural and nontoxic flavonoids are promising in present even future tumor treatment. 
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1 Introduction 

For the past few years, the anticancer activity of 

baicalin and baicalein has been increasingly paid 

much attention to. On one hand, cancer has been a 

well-known serious disease. Cancer is defined as a 

disease caused by abnormal cell growth that may 

invade different organs of the body. According to 

statistics, 14.1 million people suffer from cancer 

every year in the world.[1, 2] For example, primary 

hepatic cancer or liver cancer is the second leading 

cause of cancer-related death; colorectal cancer is the 
second most fatal type of tumor and affects over 1 

million individuals annually worldwide[3, 4]. 

 

 On the other hand, baicalin is one of few natural and 

nontoxic agents against cancer. Astragalus 

membranaceus is a traditional Chinese herbal 

medicine with the effects of clearing away heat and 

dampness, purging fire and detoxification. At present, 

more than 40 kinds of flavonoids have been found in 

Astragalus, among which Baicalein, Wogonin and 

Baicalin (Baicalin) and Wogonoside are high in 
Astragalus and have obvious pharmacological effects. 

Previous phytochemical studies showed that the 

major flavonoids in Scutellaria baicalensis  are 

baicalin (baicalein-7-O-gluc-uronide), baicalein 

(5,6,7-trihydoxyflavone)[5], wogonoside and 

wogonin, the glycoside (baicalin)[6] can be 

transformed into its aglycon (baicalein) [7, 8]. Both 

of them possess significant pharmacological 

activities[9], and have great potency with less toxicity 

in inhibiting hypertension, inflammation, allergies 

and hepatitis, as well as cancer[10] including lung, 

colorectal, prostate and breast carcinomas[10-14].  

2 The role of baicalin and baicalein in different 

cancer mechanism 

2.1 Potent inhibitors of angiogenesis 

MMP-2 and MMP-9 are key molecules in the 

degradation of the extracellular matrix, which affect 

the metastasis of cancer cells by inducing 

angiogenesis. In addition, the protein kinase B (AKT) 

pathway is crucial in the invasion of cancer cells 

through the regulation MMPs-2 and -9[3, 15] . 

 

Liu, J. J. et[16] assessed baicalin and baicalein as 
anti-angiogenic agents in vivo employing chicken 

chorioallantoic membrane (CAM) assay and in vitro 

human umbilical vein endothelial cells (HUVECs) 

culture. They also explored the mechanism of anti-

angiogenesis through following progress: cell 

proliferation assay, zymogram analysis for MMP-2, 

cell migration assay and endothelial tube formation 

assay on matrigel .The results showed that the anti-

angiogenic mechanisms of the two flavonoids involve 

that cell-associated  MMP-2 activity are reduced, 

migration and  proliferation are inhibited, and in vitro 
vascular endothelial cells form capillary[16, 17].   

 

Rui, X. et al[3] and Choi, E. O. et al[15] reported 

baicalein appears to suppress colorectal cancer cell 

migration and invasion by decreasing the expression 

of MMP-2 and MMP-9 via inhibition of  the AKT 

signaling pathway.  

 

2.2 cell cycle arrest 

According to LEE, H. Z. et al[18] and Yang Yu et 

al[2] research , we can find that both flavonoids 

induce cell cycle arrest of S phase to suppress cancer 
cells such as hepatic cancer, human lung cancer cells 

proliferation and development. 
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The S phase is associated with DNA synthesis and 

the mitotic preparation period, which plays a crucial 

role in cell cycle progression. Cyclin A and CDK2 

form a complex as the mitosis-promoting factor, 

which is thought to be the key controller of the 

progress from S phase to mitosis[2]. 
 

Yang Yu et al[2] clarified that baicalin-treatment 

downregulates the complex expresssion to S phase 

arrest, so that cancer cells are inhibited to grow. This 

study demonstrated through colony formation assay, 

flow cytometry analysis of cell cycle, hoechst 33342 

staining and Western blot analysis. 

 

2.3 Apoptosis 

2.3.1   Cooperative effects of baicalein and baicalin 

The extrinsic and intrinsic apoptotic pathways 

converge to caspase-3. And in the intrinsic pathway, 
the upstream of caspase-3 is caspase-9. Apoptosis 

involves certain death and survival gene such as bcl-2 

and bax[10, 19-21].  

Zhou, Q. M. et al [19] reported the combination of 

baicalin and baicalein enhances apoptosis in human 

breast cancer cells. Caspase-3 and caspase-9 are 

activated, bcl-2 is up-regulated[10] and bax is down-

regulated by the combination via  the ERK/p38 

MAPK pathway. 

 

2.3.2 Single effect of baicalin 
Baicalin-treatment down-regulates the expression 

levels of CDK2, Cyclin A, and Cyclin D1[2]. 

Moreover, baicalin induces apoptotic cell death, 

which is accompanied with up-regulation of Bax, 

down-regulation of Bcl-2[22], and cleavages of 

Caspase-9, Caspase-3, and PARP[2]. 

 

Chen,W.-C. et al[22] demonstrated that baicalin-

treatment of human colorectal carcinoma cells 

enhances the activity of caspases in the intrinsic and 

extrinsic apoptosis pathways, accompanying the 

activation of caspase-3, -8, and -9.  
The expression of the pro-apoptotic protein Bax is 

up-regulated by baicalin treatment in both Hep G2 

and SMMC-7721 cell lines, while the expression of 

Bcl-2 which belongs to anti-apoptotic proteins is 

down-regulated. What’s more, the protein levels of 

cleaved-Caspase-3, cleaved-Caspase-9 and cleaved-

PARP1 are up-regulated[2] via PI3K/Akt signal 

pathways[23]. 

 

2.4 Autophagic cell death 

Autophagy is a normal catabolic process to degrade 
damaged organelles and dysfunctional proteins and 

maintain cellular homeostasis[10]. ULK1 is a 

serine/threonine kinase, which acts downstream of 

the autophagy inhibitor mTOR and forms a large 

complex with Atg13 and FIP200 to initiate 

autophagy[24]. 

Aryal, P. et al[10] put a new mechanism that 

baicalein suppresses the growth of human cancer 

cells inducing autophagic cell death in human 

prostate and breast cancer cells. The progress 

involves AMP-activated protein kinase (AMPK)–

ULK1 activation through modulating the expression 
level of anti-autophagic molecules such as mTOR 

and Raptor. And it was the first time to investigate 

whether the antitumor properties of  baicalin is 

mediating cancer cells autophagy. 

 

The plasticity of tumor-associated macrophages 

(TAMs) has an influential role that favours tumour 

regression on hepatocellular carcinoma 

(HCC)[25].Tan, H. Y. et al[25] talked about the role 

and mechanism of TAM repolarisation caused by 

natural compound baicalin in suppression of HCC. 

They found that baicalin induced repolarization of 
TAM to M1-like phenotype without specific toxicity , 

and promoted pro-inflammatory cytokines production; 

baicalin-treated TAMs co-culturing with HCC 

suppressed proliferation and motility in HCC; the 

effect was associated with elevated autophagy, and 

transcriptional activation of  RelB/p52 pathway[25]. 

 

2.5 Inhibiting the proliferation and invasion 

The degradation of the ECM of blood or lymph 

vessels is one of the key steps in metastasis, which 

involves MMP-2 and -9[3, 26, 27]. 
 

Rui, X. et al [3] were the first to investigate the 

antimetastatic effect of baicalein on CRC cells, and 

they investigated the hypothesis that treatment with 

baicalein arrest the motility,  proliferation and 

invasion of human CRC cell lines by reducing the 

expression of MMP-2 and MMP-9 via regulation of 

the protein kinase B (AKT) signaling pathway. Thus, 

baicalein is a potential new therapeutic agent for 

patients with CRC. 

 

Choi, E. O. et al.[15] found that baicalein 
significantly inhibits invasiveness and the cell 

motility of B16F10 mouse melanoma Cells within the 

noncytotoxic concentration range, which is associated 

with its tightening of tight junction (TJ). The facts 

were demonstrated by down-regulation of the claudin 

family of proteins and increase in transepithelial 

electrical resistance. Moreover, baicalein also 

markedly decrease the expression levels of  

lipopolysaccharide-induced phosphorylated Akt. 

 

3. Pretreatment of baicalin and wogonoside  
Yu, C. et al[7] used glycosidase to catalyze baicalin 

and wogonoside to enhance the anticancer activities. 

The HPLC data showed that there was a marked 

transformation from the two glycosides to their 

aglycons (20 U/g of cellulase, 50˚C, pH 4.8 and 

treatment for 8 h). 
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They evaluated the anticancer activity by a series of S. 

baicalensis extracts in which variable lengths of 

glycosidase treatment time were used. And the results 

were  the antiproliferation effects were stronger with 

the  higher the aglycon content. The conclusion was 

clarified after experiments on human colorectal and 
breast cancer cells that glycosidase offers a promising 

approach to enhance the anticancer activity of  

baicalin and wogonoside. 

 

4. Novel forms of baicalin or baicalein 

4.1 BA-j 

8-Hydroxypiperidinemethyl-baicalein (BA-j) is a new 

selective CDK1 inhibitor with broad spectrum anti-

tumor activity (IC50 12.3 µM) and 2 tumor 

xenografts[7]. BA-j can promote both the extrinsic 

death receptor pathway and the intrinsic apoptosis 

pathway, which is different from cytotoxic antitumor 
drugs, and therefore kill cancer cells rather than 

normal cells.  

 

4.2 NPs for combination of PTX and BCL 

prodrugs 

Wang, W. et al[28] developed a dual-ligand, 

multifunctional, self-assembled, modified 

nanoparticles (NPs) for the combination delivery of 

paclitaxel (PTX) and baicalein (BCL) prodrugs. The 

effect of prepared PTX-BCL NP drug-delivery 

system was proven by its delivering of BCL and PTX 
prodrugs and targeting of drug-resistant human lung 

cancer cells. 

 

5. Conclusion 

In general, baicalein and baicalin have multiple anti-

cancer effects. They regulate almost all types of 

cancer, including cell proliferation, cancer signaling 

pathways, transcription factors, and tumor 

angiogenesis. In the process of cell proliferation, it 

targets the overexpression of CDK2 by inhibiting the 

cell cycle, thereby achieving the purpose of inhibiting 

CDK2 activity. In addition, it promotes p53 function 
in many wild and mutant p53 tumor cell lines. 

Baicalin and baicalein regulate a variety of tumor 

proteins involved in tumor signaling, for example by 

inhibiting the growth of many tumor cells by 

targeting the P13K, AKT, Ras and β-catenin 

pathways. Baicalin and baicalein also inhibit several 

key molecules of tumor angiogenesis and metastasis, 

including VEGF, MMP and PTPN. In conclusion, 

baicalien and bacalin are excellent diet for the 

treatment and prevention of different types of cancer. 
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