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a b s t r a c t

The flavonoids, baicalin (5,6-dihydroxy-2-phenyl-4H-1-benzopyran-4-one-7-O-D-b-glucuronic acid) 1
and its aglycone, baicalein 2 are found in edible medicinal plants, Scutellaria baicalensis Georgi and
Oroxylum indicum (L.) Kurz in abundant quantities. The antioxidant and anti-inflammatory effects of
these flavonoids have been demonstrated in various disease models, including diabetes, cardiovascular
diseases, inflammatory bowel diseases, gout and rheumatoid arthritis, asthma, neurodegenerative-, liver-
and kidney diseases, encephalomyelitis, and carcinogenesis. These flavonoids have almost no toxicity to
human normal epithelial, peripheral and myeloid cells. Their antioxidant and anti-inflammatory activ-
ities are largely due to their abilities to scavenge the reactive oxygen species (ROS) and improvement of
antioxidant status by attenuating the activity of NF-kB and suppressing the expression of several in-
flammatory cytokines and chemokines including monocyte chemotactic protein-1 (MCP-1), nitric oxide
synthase, cyclooxygenases, lipoxygenases, cellular adhesion molecules, tumor necrosis factor and in-
terleukins. In this review, we summarize the antioxidant and anti-inflammatory effects of baicalin and
baicalein with molecular mechanisms for their chemopreventive and chemotherapeutic applications in
the treatment of inflammatory-related diseases.
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1. Introduction

Flavonoids are one of the largest classes of naturally occurring
polyphenolic compounds, found in high concentrations in dietary
fruits and vegetables. The human consumption of flavonoid-rich
fruits and vegetables reduces the risk of several inflammatory
diseases including cancers [1]. Some natural flavonoids have been
developed as efficient drugs. For example, silymarin, a mixture of
isomeric flavonolignans, isolated from Silybum marianum (milk
thistle) fruits, has been used in different countries for the treatment
of cirrhosis, chronic hepatitis and other liver disorders [2]. Naringin
and naringenin, isolated from Citrus paradisi fruit juice have been
used for treatment of hepatic fibrosis [3].

Baicalin (1) and its aglycone, baicalein (2) (Fig. 1) are the major
flavonoid constituents in the plants of genus Scutellaria (Lamiaceae)
namely Scutellaria baicalensis Georgi (SBG), S. lateflora L.,
S. galericulata, and S. rivularia Wall as well as in Oroxylum indicum
(L.) Kurz (OI, Bignoniaceae) [4e8]. The Scutellaria plant species are
grown in Asian countries including China, eastern Russia, Mongolia,
Japan, Korea, and Siberia [9]. Whereas Oroxylum indicum is grown
in India, Sri Lanka, Bangladesh, Pakistan, Nepal, Bhutan, Cambodia,
Malaysia, Indonesia, Vietnam, Thailand, China, and other south
Asian countries [10]. The roots of Scutellaria baicalensis (commonly
known as Scutellaria radix) are widely used in traditional Chinese
medicines for clinical treatment of hepatitis, hyperlipidemia,
atherosclerosis, hypertension, dysentery, common cold and other
respiratory disorders [11]. The stem-bark, roots and seeds of
Oroxylum indicum have been used in traditional medicines of India,
China and other Asian countries for the treatment of jaundice,
diabetes, diarrhea and dysentery, rheumatic pain, coughs, phar-
yngitis, bronchitis and other respiratory disorders [12,13]. In SBG
roots, baicalin and baicalein are found in 10.11% and 5.41%,
respectively [11]. In OI, baicalein is the major flavonoid constituent
of fruit, root bark and leaf, while baicalin is found in abundant
quantity in leaf and stem bark [14]. Both baicalin and baicalein have
been found to exhibit several pharmacological activities including
antioxidant, anti-inflammatory, anticancer, anticardiovascular,
antidiabetic, hepatoprotective, antiviral, anti-ulcerative colitis,
antithrombotic, eye protective and neuroprotective activities
[15e26]. Previous review articles on baicalin and baicalein have
high-lighted their anticancer, cardioprotective, anti-ocular disor-
der, and antitumor activities [23,27e31]. Most of these

pharmacological activities of baicalin and baicalein are associated
with their antioxidant and anti-inflammatory efficacies. This re-
view summarizes the molecular mechanisms of baicalin and bai-
calein in the prevention and treatment of inflammatory-related
diseases.

Inflammation is a localized protective reaction of the injured
tissue in the body. The tissue injury is caused by several factors
including microbial infections, allergic irritations of xenobiotics,
excessive stress, nutritional imbalance, genetic factor, etc. The
symptoms of inflammation in injured tissue are characterized by
pain, heat, redness, swelling and loss of function. As a preventive
measure, the injured tissue dilates its blood vessels to increase the
supply of more blood along with infiltration of leukocytes (baso-
phils, neutrophils, eosinophils), lymphocytes (T cells, B cells, NK
cells, monocytes, macrophages), mast cells and platelets and induce
their activation for up-regulation of protective cytokines, chemo-
kines and adhesion molecules. The protective immune cells are
activated by the activation of kinases, IKKa and IKKb via phos-
phorylation of IkB and release of inactivated NF-kB from IkB and its
translocation from cytoplasm to nucleus, followed by attachment of
NF-kB to the receptors of DNA genes for expression of pro-
inflammatory cytokines, chemokines and CAM molecules as per
need to defend the trauma or shock [32]. The prolonged inflam-
mation process, known as chronic inflammation are caused from
incorrect regulation of NF-kB by the injured tissue and invaded
microbes, leads to fibrosis and apoptosis of tissue cells and de-
velops several degenerative and vascular diseases including
rheumatoid-arthritis, asthma, atherosclerosis, cancer, acquired
immunodeficiency disorder syndrome (AIDS), diabetes, inflam-
matory bowel disease (IBD), gastritis, multiple sclerosis (MS), car-
diovascular diseases, sepsis, CNS depression, psoriasis, etc [33e35].
In most cases, cytokines, TNF-a and IL-1b and toll-like (microbial
pattern recognition) receptors (TLRs) serve as effective activators of
NF-kB [36]. Therefore, the understanding of the over-expression of
pro-inflammatory mediators that aggravate a particular inflam-
matory disorder and down-regulation of their expressions to
inactivate NF-kB will be useful for treatment of the disorder [37].
For example, in atherosclerosis, the cytokines, vascular cell adhe-
sion molecule 1 (VCAM-1), monocyte chemoattractant
protein �1(MCP-1), P- and E-selectins are expressed from vascular
endothelium and arterial surface cells, whereas in cardiovascular
disease, ICAM-1 expression occurs in endothelial cells and in
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