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Scutellaria comprises many species traditionally used for cognitive and neurological conditions. In vitro and in
vivo studies have supported the value of bioactive compounds of the genus Scutellaria for CNS disorders such as
Alzheimer, cerebral ischemia, depression and anxiety. In particular, the eﬀects of plants belonging to the genus
Scutellaria and their components are detailed on cognitive ability such as memory, attention and learning. In this
review, the pharmacology of CNS eﬀect and the related molecular mechanisms of the plants belonging to the
genus Scutellaria and active constituents have been discussed.

1. Introduction
Scutellaria commonly known as skullcaps is a member of the
Labiatae family which is an important perennial and annual herbs includes about 360–400 species [1,2]. The genus has widespread distribution in tropical mountains of North America, Europe and Asia and
is found in Siberia to the tropics of South America [3]. Scutellaria been
traditionally used in medicine as anti-allergic, anti-hepatitis, anti-inﬂammatory, antithrombotic, anti-bacterial, hepato-protective, antimutagenic and antioxidant [4,5].
Most plants of Scutellaria are annual or perennial herbs with 5 cm to
1 m height, but some are aquatic and a few are subshrubs. They have
opposite leaves and four-angled stems. The ﬂowers of this genus have
upper and lower lips [6]. Up to now 300 compounds have been isolated
from diﬀerent species of the genus Scutellaria. Two main groups of
component including terpenes (triterpenes, diterpenes and iridoid glycosides) and phenolic compounds (ﬂavonoids and phenylethanoid
glycosides) isolated from skullcaps. Alkaloids, phytosterols and polysaccharides are among other compounds presented in the genus Scutellaria [7–10]. Baicalin, baicalein and wogonin are ﬂavonoids possess

anti-HIV, anti-inﬂammatory, free radical scavenging, lipid peroxidation, antioxidant and anticancer activities [11–19]. Diterpenes such as
scutalbin A, jodrellin A and jodrellin B, have anti-feedant eﬀects.
In this review, neuro-psychologic activity of the plants belonging to
the genus Scutellaria and active constituents, the related mechanism are
summarized. In detail we have discussed the eﬀect on cognitive ability
such as memory, attention and learning. The potential eﬀect of
Scutellaria in dementia, including Alzheimer’s disease is also reviewed.
Finally, future researches are needed to increase our understanding of
the potential health beneﬁts of Scutellaria plants.
2. Main constituents in Scutellaria species
From the genus Scutellaria, 300 compounds including ﬂavonoids,
diterpenes, triterpenoids, phenylethanoid glycosides, iridoid glycosides,
alkaloids, polysaccharides and phytosterols were isolated. Scutellaria
plants are rich source of ﬂavonoid and over 160 ﬂavonoids have been
identiﬁed from diﬀerent species of the genus Scutellaria. Flavonoids
include ﬂavones and ﬂavanonols, ﬂavanones and ﬂavonols, chalcones,
ﬂavonolignans and biﬂavonoids. The main ﬂavonoids isolated from

Abbreviation: MMP-2 and MMP-9, matrix metalloproteinases; VEGF, vascular endothelial growth factor; NF-κB, nuclear factor-kappa B; HO-1, heme oxygenase-1; Nrf2, nuclear factor
erythroid 2-related factor; INOS, inducible nitric oxide synthase; COX-2, cyclooxygenase-2; P-ERK, phospho extracellular signal–regulated kinases; P-JNK, phospho c-Jun N-terminal
kinase; NO, nitric oxide; PGE2, prostaglandin E2; IL-6, interleukin 6; IL-8, interleukin 8; HMC-1, human mast cell line; IL-1β, interleukin-1β; IL-2, interleukin-2; IL-12, interleukin 12;
TNF-α, tumor necrosis factor-alpha; MAPK, mitogen activated protein kinases; BHT, butylated hydroxytoluene; GI, gingival index; BDNF, brain-derived neurotrophic factor; PDE,
phosphodiesterases; PCREB, phosphorylation of cyclic AMP response element binding; VaD, ventricular assist device; MAO A and B, L-Monoamine oxidases; NMDA, N-methyl-D-Aspartate
receptor; BDS, benzodiazepine binding site; AAPH, 2,2′ Azobis (2-Amidinopropane) hydrochloride; ChAT, choline acetyltransferase; GABA, γ-aminobutyric acid; NSAIDs, non-steroidal
anti-inﬂammatory drugs; MCAO, middle cerebral artery occlusion; AD, Alzheimer’s disease; BCCAo, bilateral common carotid artery occlusion; LPS, lipopolysaccharide; T-PA, tissueplasminogen activator; PGs, prostaglandins; NSAIDs, non-steroidal anti-inﬂammatory drugs; MS, multiple sclerosis
⁎
Corresponding author at: Department of Pharmacodynamics and Toxicology, School of Pharmacy, Mashhad University of Medical Sciences, Mashhad, Iran.Mashhad, Iran.
E-mail address: tayaraninz@mums.ac.ir (Z. Tayarani-Najaran).
https://doi.org/10.1016/j.biopha.2018.03.021
Received 29 January 2018; Received in revised form 5 March 2018; Accepted 5 March 2018
0753-3322/ © 2018 Elsevier Masson SAS. All rights reserved.

Biomedicine & Pharmacotherapy 102 (2018) 185–195

S. EghbaliFeriz et al.

Table 1
Structure of main constituents from the genus Scutellaria.
Species

Active component

S. baicalensis
S. litwindowii

Baicalein

S. baicalensis
S. litwindowii

Baicalin

S. baicalensis
S. litwindowii

Wogonin

S. baicalensis
S. litwindowii

Wogonoside

S. baicalensis

5,7,2, 5 -tetrahydroxy-8,6 -dimethoxyﬂavone

S. baicalensis

2(R), 3(R)-2′,3,5,6′,7-pentahydroxyﬂavanone

S. baicalensis

Apigetrin

S. baicalensis

Oroxylin A

S. baicalensis
S. racemosa
S. lateriﬂora

Scutellarin

structure

Ref
[14,55,57,68,73,89,92,99,106,108]

[84]

[112]

[108]

(continued on next page)
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Table 1 (continued)
Species

Active component

structure

Ref

S. baicalensis
S. racemosa
S. lateriﬂora

Melatonin

S. baicalensis
S. racemosa
S. lateriﬂora

Serotonin

S. baicalensis

Wogonin 7-O-b-D-ethylglucuronide

[76]

S. altissima

Verbascoside

[67]

[93]

and rescued neuronal cells immunoreactive to choline acetyltransferase
(a marker for cholinergic neurons) and the NMDA receptor subunit,
NR2Ain the hippocampus of Ibo model. Scutellaria baicalensis extract
facilitate the generation of the cholinergic marker, ChAT and inhibited
cell death. Generally, S. baicalensis extract has signiﬁcant neuroprotective activity on the Ibo model [28].
Hwang et al. showed treatments with S. baicalensis reduced the
spatial memory impairments that were produced by chronic bilateral
carotid artery occlusion (BCCAo) and in the hippocampus of chronic
BCCAo normalized MAPKs (mitogen-activated protein kinase) signaling. S. baicalensis also attenuated activated spatial memory impairments and inﬂammatory responses induced by chronic lipopolysaccharide (LPS) infusions [29]. In another study, ﬂavonoids isolated
from S. baicalensis stem-leaf showed inhibitory eﬀects on tau phosphorylation in ischemia-induced VaD (vascular dementia) rat model.
These ﬂavonoids were shown to decreased oxidative stress, counteract
neuronal death, and improve learning and memory. The protective effects of ﬂavonoids in disease most probably related to regulating kinases-triggered
phosphorylation
and PP2A-catalyzed
dephosphorylation [30]. Taken together, S. baicalensis could be candidate for
the prevention of vascular dementia and Alzheimer’s disease.

Scutellaria are baicalin, baicalein, and wogonin (Tables 1). Moreover,
Scutellaria is rich source of neoclerodane diterpenoids such as jodrellin
A, jodrellin B, scutalbin A and scutecyprol B. Despite the presence of
ﬂavonoids and terpenoids of diﬀerent structure in Scutellaria species
there are only eleven alkaloids isolated from Scutellaria [6].
Lee et al. reported wogonin through inhibiting microglial activation
exerts anti-inﬂammatory activity and protect against neurodegenerative diseases [20]. Another study found that scutellarin has been used to
treat diﬀerent diseases such as sleep disorders, migraines, depression,
decreasing the viscosity of blood and memory impairment [21–23].
3. Scutellaria and its pharmacodynamics inﬂuences on the brain
Cognitive activity can be inﬂuenced by a group of biochemical and
neurological factors. Neural damage can induce cognitive impairment,
and there is an increasing concern of the inﬂuence of diﬀerent neurotransmitters and hormones on cognitive performance. Because of its
rich array of chemical constituents, Scutellaria is a valuable plant which
inﬂuences multiple physiological pathways and protect against beta
amyloid (Aβ), peptide toxicity, cerebral ischemia, depression and anxiety (Fig. 1 and 2 , Tables 2–5
3.1. Scutellaria and amyloid-β

3.2. Scutellaria and cerebral ischemia

The accumulation of the Aβ and defect in neural functions is a
characteristic of Alzheimer’s disease (AD). Aβ has been renowned for
inducing memory loss and to cause speciﬁc learning and memory impairment in AD patients [24]. AD patients show behavior abnormality
in learning and memory that is related to the defects on a cellular layer
[25,26]. The major reason of these abnormal behaviors in AD patients is
defects of cholinergic system in the hippocampal and the cortical areas
[27] (Fig. 2).
Scutellaria baicalensis extracts improved spatial memory functions

The third most common cause of death and adult disability is stroke
or cerebral ischemia that results in subsequent loss of neuronal function
and irreversible brain damage [31]. A promising approach to treatment
of acute stroke is neuroprotection. Eﬀective neuroprotection may need
the inhibition of pathological actions activated by ischemia [32]. Despite several studies exist to develop neuroprotective treatment for
brain injury; the present way for acute stroke therapy is accomplished
via the administration of the thrombolytic agent and tissue-plasminogen activator (t-PA) [33].
187
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Fig. 1. Pharmacodynamic Inﬂuences of Scutellaria on the Brain.

In another research, baicalin had signiﬁcant neuroprotective activity
against global cerebral ischemia injury. It reduced apoptosis of hippocamp alpyramidal cells and prevented cognitive dysfunction in rats
after ischemic insult. The anti-inﬂammatory activity and inhibition of
COX-2 expression following global ischemia is the mechanism of neuroprotective activity of baicalin [37].
It also reported, ﬂavonoids from S. baicalensis have a signiﬁcant
protective eﬀect on ischemia reperfusion and cerebral ischemia induced
brain injury. In middle cerebral artery occlusion (MCAO) procedure,
infarction areas were decreased, the neurological impairment was improved, the water content in brain was reduced and ﬂavonoids protect
brain tissues from cerebral ischemia and reperfusion injury. A basic and
important mechanism of the protective eﬀect of Scutellaria ﬂavonoids
related to its anti-free radical properties [38,101,102]. Scutellaria baicalensis showed neuroprotective eﬀect through inhibition of caspase-3
activity [104]. Also, S. baicalensis in C17.2 cell reduced damage in the
cortex and exerts neuroprotective eﬀects by modulating oxidative stress

In an in vitro model of ischemia, S. litwinowii Extract on deacreased
the ROS level in serum/glucose-deprived cultured PC12 cell [34]. Piao
et al. showed wogonin isolated from S. baicalensis radix signiﬁcantly
decreased the cerebral hypoxic/ischemic injury in a rat focal ischemic
model. Wogonin notably inhibited inﬂammatory activation of microglial cells (proinﬂammatory cytokines and generation of NO) and decreased the infarct volume via suppression of activated microglial cells.
In summary, this study may suggest that wogonin during cerebral ischemic insults is a candidate for attenuate inﬂammatory responses
[35].
In a study conducted by Cao et al., baicalin (a main ﬂavonoid extracted from the roots of S. baicalensis Georgi) has neuroprotective effects against cerebral ischemic injury in rats [36]. Baicalin could inhibit
global ischemic reperfusion injury through decreasing oxidative stress,
up-regulating BDNF expression and reducing the caspase-3 activity.
Neuroprotective eﬀect of baicalin in global cerebral ischemia in gerbils
has been consistent with its anti-oxidative and anti-apoptotic activities.

Fig. 2. Pathway: Molecular mechanism of Scutellaria in the neural cells.
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Xiao-Xu-Ming decoction (XXMD)

HT008-1, a prescription of traditional
korean medicine
Wogonin
Baicalin

Ethyl acetate extract

Water extract

Baicalein

Stem-leaf total ﬂavonoids (SSTFs) extract

Scutelarin
Ethanol extract
Water extract (SSF)

Ethanol extract / baicalein, baicalin,
wogonin, wogonoside, scutellarin, and
Oroxylin A
Ethanol extract

Oroxylin A

Favonoids

Baicalein

S/B remedy (water extract)

Aqueous extract

Baicalin

Apigetrin

S. baicalensis

S. baicalensis

S. baicalensis

S. baicalensis

S. baicalensis

S. baicalensis

S. baicalensis
S. baicalensis
S. baicalensis

S. baicalensis
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S. baicalensis

S. baicalensis

S. baicalensis

S. baicalensis

S. baicalensis and S.
indica
S. lateriﬂora

S. baicalensis

S. baicalensis

S. baicalensis
S. baicalensis

Extract/Active component

Species

Table 2
Neuroprotective eﬀect of the genus Scutellaria.

Cell culture HT22 Hippocampal Cells/ hydrogen
peroxide (H2O2)

Human
Cyclic nucleotides in the brain
Animal study Global ischemia/reperfusion rats

Animal study
Excitotoxic
neuronal cell in rat
Animal study
Spinal cord injury in rats
Animal study
Rat cerebral cortical membrane
In vitro/In vivo Ischemia or stroke-induced neuronal
cell death
Animal study
Nigrostriatal dopaminergic system of rat brain in vivo
Animal study Nigrostriatal dopaminergic system of
rat brain

Animal study Rescue of memory impairments in
male Wister rats
Cell culture
C17.2 neural progenitor cells
Animal study Chronic cerebral ischemia-induced
vascular dementia of rats
In vitro aggregated β-amyloid
Animal study Neuronal cells in model rats
Animal study Permanent global ischemia in rats

Animal study Transient focal cerebral ischemia
model in rats
Animal study Focal cerebral ischemia rat model
Animal study Gerbils subjected to transient global
cerebral ischemic–reperfusion injury
In vivo Cerebral ischemia injury

Human Ischemic neuronal injury

Subject/ assay

100 μM/ 10 μM

100 mg/kg

Not stated

20 mg/kg

30 mg/kg/day

3–9 g of dried roots

IC50:1.09 ± 0.07 μM

100 mg/kg

35.1 μg/mL

Not stated
30 mg/kg
35 mg/kg, 19-20 days

100 mg/kg of SSTF for 60 days

10 μM

100 mg/kg

SOD (NU/g): 1486

50 mg/kg
200 mg/kg

Maximal neuroprotective eﬀect
77.0%
300 mg/kg

Dose

Reduction of hippocampal apoptosis via the inhibition of COX-2
expression
Through the inter-regulation of neuroinﬂammation, oxidative
stress, and neuronal injury

Inhibition of α-synuclein aggregation, inﬂammasome activation
and cathepsin B production
Inhibitiion of iron-induced oxidative injury, -synuclein
aggregation,
Neuro-inﬂammation and apoptosis.
Inhibition of PDE

Inhibition of lipopolysaccharide-induced expression of
inﬂammatory mediators as TNF-α, IL-1β, IL-6, COX-2, and i-NOS
Inhibition of [3H]ﬂunitrazepam binding to rat cerebral cortical
membrane
Not stated

Inhibition of caspase-3 activity and up-regulation of Bcl-2
expression
Anti-inﬂammatory mechanism and reducing damage in the cortex
and caudoputamen
By inactivating NF-κB signaling pathway
By minimizing oxidative stress, up-regulating BDNF expression
and decreasing the caspase 3 activity
Anti-free radical appears to be a basic and important mechanism
of the protective eﬀect
By chronic cerebral infusion and microglial activation by chronic
LPS
By modulating oxidative stress and elevating BDNF-pCREB
signaling
SSTF reduced the activity of glycogen synthase kinase 3β and
cyclin-dependent kinase 5 in VaD rats
Not stated
Not stated
SSF is beneﬁcial for ameliorating cognitive deﬁcit, protecting
neuronal injury and reduced density of Nissl bodies in the neuron
Interaction with the glycine binding site of the NMDA receptor

Mechanism

[112]

[37]

[111]

[60]

[57]

[110]

[45]

[109]

[108]

[107]
[28]
[2]

[30]

[106]

[29]

[38]

[35]
[36]

[105]

[104]

Ref.
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Table 3
Antidepressant and Anxiolytic eﬀects of the genus Scutellaria.
Species

Extract/Active
component

Subject/ assay

Dose

Mechanism

Ref.

S. baicalensis
S. baicalensis

Baicalin
Wogonin

25 mg/kg for 5 weeks
7.5 to 30 mg/kg

Baicalin

Inhibition of MAO A and B in rat brain
Positive allosteric modulation of the GABAA receptor
complex via interaction at the BZD-S
Not stated

[40]
[41]

S. baicalensis
S. lateriﬂora

Baicalin
baicalein
amino acids GABA
glutamine

Animal study Mice and Rats
Animal study Rat dorsal root
ganglion neurons
Animal study Adult female Swiss
mice
Animal study
cytochrome P450 3A4

Binding to benzodiazepine site of the GABAA receptor.

[42,44]

0.02, 0.2 pmol
> 84% inhibition
(in 25% ethanol, 40%
glycerin extract)

[43]

the inhibition of the NF-κB activation [51]. In one study butanol and
water extract of S. baicalensis both have shown anti-inﬂammatory activity [52,53]. Hong et al., showed the ﬂavonoids isolated from S.
baicalensis Georgi have anti-inﬂammatory eﬀects in RAW264.7 cells.
Scutellaria baicalensis and the isolated ﬂavonoids (baicalin, baicalensis,
wogonin, and wogonoside) could regulate the expression of inﬂammatory mediators (COX-2 and iNOS) and inhibit the activation of
NF-??B and MAPK (mitogen activated protein kinases) [54,86]. Among
of the active ﬂavonoids responsible for the anti-inﬂammatory activity
Tsai et al., introduced baicalein from S. baicalensis as an active compound [55]. The rich polyhydroxyﬂavonoids extract of S. baicalensis
which mainly contains baicalein, oroxylin A and wogonin had anti-inﬂammatory eﬀects by inhibition of nitric oxide (NO) production. In
respect to the inhibition of NO, wogonin was the superior compounds
among all other ﬂavonoids [56].
In one study, baicalein signiﬁcantly decreased the toxicity of MPP
+, a parkinsonian neurotoxin, in the nigrostriatal dopaminergic system
of rat brain by inﬂammasome activation, cathepsin B production and
the inhibition of α-synuclein aggregation [57]. The administration of
UP446, standardized extracts from S. baicalensis and Acacia catechu,
into beagle dogs and rats has been shown anti-inﬂammatory eﬀect with
no pharmaco-toxicological eﬀect on the central nervous systems compared to the cyclooxygenase-2 (COX-2) inhibitors and non-steroidal
anti-inﬂammatory drugs (NSAIDs) [58]. Also baicalin showed strong
anti-inﬂammatory property in the treatment of multiple sclerosis (MS)
[59]. Moreover, S/B remedy, a mixture from S.baicalensis Georgi and
Bupleurum scorzonerifolﬁum, exhibited a potential therapeutic beneﬁt
for the CNS neurodegenerative diseases in rat brain [60]. In another
study, baicalein indicated anti-inﬂammatory eﬀects via inhibition of
TNF- α, IL-8 and NF-κB [79–82]. Additionally, S. baicalensis exert strong
anti-inﬂammatory activity in both in vitro and in vivo [83–88].
Wogonin one of plant ﬂavones of the Scutellariae radix showed antiinﬂammatory activity in diﬀerent animal models of inﬂammation in
rats. Wogonin was found to be one of the most potent suppressors of
COX-2 and iNOS (inducible nitric oxide synthase) expression in the
macrophages. Modulation in the expression of proinﬂammatory gene is
one of the proposed mechanisms of anti-inﬂammation of wogonin [61].
In another study, wogonin was shown to suppress iNOS expression and
exert anti-inﬂammatory activity [62].

and elevating BDNF-pCREB signaling both in vitro and in vivo
[105–107]. In another study, ethanol extract of S. baicalensis by reduced
the expression of inﬂammatory mediators as TNF-α, IL-1β, IL-6, COX-2,
and i-NOS exhibited neuroprotective activity [108,109]. In addition,
ﬂavonoids extracted from S. baicalensis indicated protective activity
through inter-regulation of neuroinﬂammation, oxidative stress, and
neuronal injury [110–112].
3.3. Scutellaria and antidepressant and anxiolytic eﬀects
Depression and chronic stress aﬀects the cognitive activities. In fact,
the major symptoms of depressive and anxiety disorders are cognitive
deﬁcits including impairments in memory, attention and learning [39].
The memory loss in Alzheimer’s disease always accompanies with different comorbidities. It has been proved that most Alzheimer’s disease
aﬀected patients suﬀer from major depressive disorder [40]. Interferences that have positive eﬀects on depression and anxiety are so
likely to have beneﬁcial eﬀects on cognitive activities. Baicalin, a ﬂavone isolated from S. baicalensis has an antidepressant-like eﬀect in
behavioral models in mice and rats [40,78]. The antidepressant activity
of baicalin may be related to inhibition of MAO-A (monoamine oxidase)
and B in rat brain. Also there are some reports on anxiolytic eﬀect
wogonin from S. baicalensis and positive allosteric modulation of the
GABAA receptor complex via interaction at the benzodiazepine site
BZD-S [41]. Additionally, in rats, S. lateriﬂora has been shown to reduce
the anxiety levels. The authors suggested baicalin and baicalein, as two
neuroactive ﬂavonoids interacting with GABAA receptor complex with
anxiolytic activity [42–44].
Despite baicalin and baicalein, oroxylin A has been introduced as
selective antagonist of the benzodiazepine binding site (BDS) in rat
cerebral cortical membrane [45].
3.4. Scutellaria and anti-inﬂammatory eﬀects
Inﬂammation is a response to injury, stress, infection and is an
important part of the pathogenesis of immune-mediated disease. The
acute inﬂammation is a self-terminating and rapid process and can be
harmful to the host and lead to the chronic inﬂammation if it continues
[46]. During the inﬂammatory response, macrophages generate various
mediators including nitric oxide (NO), pro-inﬂammatory cytokines and
prostaglandins (PGs) [47]. Lipopolysaccharide as initiators of inﬂammatory response modulates macrophage and induces fever, septic
shock and microbial invasion [48]. However, inﬂammation in many
neurodegenerative diseases including Alzheimer’s disease, Parkinson’s
disease and multiple sclerosis plays a key role [49].
The anti-inﬂammatory activity of the plant belongs to Scutellaria
genus has been referenced in multiple studies. Flavonoids and phenolic
acids present in the extract of S. barbata have been reported to show
anti-inﬂammatory activity toward RAW 264.7 cells by inhibition of NF??B (nuclear factor-kappa B) activity [50]. Moreover, S. baicalensis
(water extract) has been shown to have anti-inﬂammatory activity via

4. Scutellaria and antioxidant eﬀects
The production of free radicals and decreased antioxidant defenses
creates a state of oxidative stress. Free radicals involving singlet oxygen
(1O2), superoxide ion (O−
2 ), hydroxyl ion (%OH), peroxyl radical (ROO
%) were very reactive and toxic molecules which cause oxidative damage to lipids, proteins, enzymes and DNA [63]. The reactive oxygen
species play an imperative role in the pathogenesis of many human
diseases such as Crohn’s, cancer, liver injury, aging and a number of
neurological disorders [64]. In order to decrease damage to the human
body, antioxidants are often used to scavenge the free radicals or to
190

191

Water extract

Mixed extract/baicalin (S. baicalensis) and
catechin (Acacia catechu)
Ethanol and ethyl acetate extracts/ phenolics,
ﬂavonoids, chlorophylls, and carotenoids

Ethanol extract

Ethanol extract

UP446

S. baicalensis

S. baicalensis

S. baicalensis

S. baicalensis

S. baicalensis

S. barbata

Dimethoxyﬂavone, Pentahydroxyﬂavanone

Water extract
Radix water extract

S. baicalensis
S. baicalensis

S. baicalensis

Baicalin

S. baicalensis

Wogonin
Flavonoids
Combination of S. baicalensis, Encephalartos.
senticosus, and vitamin C

Water extract

S. baicalensis

S. baicalensis
S. baicalensis
S. baicalensis

Baicalein

S. baicalensis

Wogonin
Baicalein

Aqueous extract

S. agrestis

S. baicalensis
S. baicalensis

Wogonin

S. baicalensis

Butanol fraction

Baicalin

S. baicalensis

S. baicalensis

Extract/Active component

Species

Table 4
Anti- inﬂammatory eﬀects of the genus Scutellaria.

Human/ In vitro Human ﬁbroblasts/
DPPH
In vitro Inhibition of NO production/
DPPH
Animal study Central nervous systems
in Beagle dogs and rats

Animal study Acute UVB-irradiated
hairless mice
Animal study Forty subjects (20 per
group)
In vitro COX-1 and COX-2 peroxidase
enzyme
Cell culture RAW 264.7 cells

In vivo Inﬂammation associated genes
Human Eotaxin production by IL-4
plus TNF-α-stimulated human
ﬁbroblasts
Cell culture RAW 264.7 cells
Cell culture RAW 264.7 Cells
Human Ex Vivo Human Mucosal
Tissue Model

Animal study Mouse air-pouch model

Animal study
Animal model of multiple sclerosis
(MS)
Animal study
Carrageenan induced rat hind paw
edema
Animal study
In mice
Animal study
Lipopolysaccha ride-induced acute
lung injury in rats
Animal study
Lung injury
Animal study
Levels of TNF-α and IL-6 for the model
rat
Cell culture HMC-1 cells
Cell culture 264.7 cells

Subject/ assay

Inhibition of inducible nitric oxide synthase (iNOS) expression
Inhibition of NF-κB and MAPK
The combination of S. baicalensis and E. senticosus signiﬁcantly block
allergic early-and late-phase mediators and substAnti-ally suppress the
release of proinﬂammatory
Increase in skin thickness, levels of MMP-2, MMP-9 and VEGF

IC50: 0.3 μM
No cytotoxicity at 100 μg/mL
0.2 μg/mL and 2 μg/mL

5000 mg/kg

IC50 0.04 mg/mL/ 201.9 ± 0.71

0.5 mg/mL of nanoparticles/ 58.62%

at < 500 mg/mL and < 200 mg/mL respectively

15 μg/mL

Gingival Index (GI):1.585 ± 0.218 (day 21)

50 mg/kg, for 14 consecutive days

1000 μg/ear/3 days
IC50: 1.8 μg/mL.

Not stated

Not stated

Inhibition of NF-κB activity and reduction in the expressions of iNOS,
COX-2, p-ERK, and p-JNK, as well as in the production of NO, PGE2,
IL-1b, and IL-6
Using a nanoencapsulation process

Toothpaste formulation was able to signiﬁcantly reduce the extent of
gingivitis, plaque development, and vital ﬂora
Not stated

Inhibition of both TNF- and IL-8 expression in HMC-1 cells
Inhibition of NO, cytokine, chemokine, and growth factor production
in macrophages
Inhibition of iNOS, COX-2, PGE2, IL-1β, IL-2, IL-6, IL-12 and TNF-α
expression
Increase in COX-1 and ﬁbronectin mRNA
Inhibition of human eotaxin mRNA expression in IL-4 plus TNF-αstimulated human ﬁbroblasts

IL-8 Secrition (μg/ml): 1200 at 10 μg/mL sb
25, 50, 100, 200 μg/mL
300 μg/mL

Not stated

Inhibition of NF-κB activation pathways

Inhibition of NF-κB mediated inﬂammatory responses and up
regulation of Nrf2/HO-1 pathway

Not stated

Not stated

Via STAT/NFκB signaling pathways.

Mechanism

0.104 ± 0.011 and
1.079 ± 0.013 resp.

125 mg/kg

30, 100
and 300 mg/kg
20 mg/kg

IC50 (μM)
43.5

100 mg/kg/day

Dose
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Ethanol extract
Ethanol extract
Methanol extracts from shoots and
root
Baicalin Wogonin

Baicalein
Ethanol extracts

Water extract

Baicalein, Baicalin, Wogonin and
Wogonoside
Baicalin
Wogonin
Scutellarin
Melatonin
Serotonin
Baicalin
Flavone extract

S. baicalensis
S. baicalensis
S. altissima L

S. baicalensis
S. baicalensis

S. baicalensis

S. baicalensis
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Baicalein and Baicalin

Water extract (Huangqin)
Polysaccharides
Polysaccharides

Chloroform extract

Chloroform extract

Baicalin, baicalein, wogonin

Phenolic compound (using
perculation and pressurized liquid
extraction, PLE)
Eugenol
Acetone extract
Baicalin Wogonoside, Baicalein,
Wogonin
Phenylethanoid glycoside
(hastifolioside)

S. baicalensis

S. baicalensis
S. barbata
S. barbata

S. colebrookiana S.
violacea

S. colebrookiana and S.
violacea

S. litwindowii

S. pinnatiﬁda

S. hastifolia

S. ramosissima
S. rehderiana
S. baicalensis

Acetone extract
Wogonin 7-O-b-D-ethylglucuronide

S. baicalensis
S. baicalensis

S. baicalensis
S. baicalensis

S.baicalensis
S.racemosa
S.lateriﬂora

S. baicalensis

Extract/Active component

Species

Table 5
Anti-oxidant eﬀects of the genus Scutellaria.

In vitro DPPH

In vitro FRAP assay
In vitro BHT
In vitro DPPH

In vitro FRAP and DPPH

Cell culture H2O2-induced H9C2 cells
In vitro BHT
In vitro DPPH radical, hydroxyl radical and
superoxide radicals
Human 2,2′ azobis (2-amidinopropane)
hydrochloride (AAPH) induced oxidative
damage in human erythrocyte
In vitro
ABTS
DPPH
Cell culture NIH 3T3 cells

In vitro DPPH radical scavenging activity
In vitro FeSO4 –Cys-induced liver homogenate
lipid peroxidation
Cell culture SH-SY5Y cell lines

In vitro DPPH
Cell culture Neuronal HT-22 cells

In vitro DPPH

In vitro DPPH

In vitro Scavenging ROS

In vitro DPPH
Animal study U14 tumor-bearing mice

Not stated
Not stated
Not stated

IC50:2476.92 ± 15.8 mM Fe(II)/g
100 ppm
IC50: ranged from 68.81 to 73.88 μg/mL
10%

Not stated

DPPH radical scavenging capability

Not stated

IC50 (μg/mL)
24.5 and 28.0 (ABTS)
76.25 and 69.75 (DPPH)
Co-treatment protocol: methanolic extract at 1000 μg/
mL
IC50:34.9 mmol/g and 0.86 mg/mL resp.

Cell viability (%): 92.33 ± 2.19
0.48 mg/mL
IC50(mg/mL):DPPH radical: 0.57 hydroxyl radical: 0.3
superoxide radicals: 0.17
IC50: 92 and 70 μg/mL resp.

Inhibition of membrane peroxidation and
scavenging free radicals

Via inhibition hydrogen peroxide-induced oxidative
stress
Not stated
Not stated
Polysaccharides had signiﬁcant Anti-oxidant activity
and free radical-scavenging activity
Not stated

10 μM

IC50:0.16 ± 0.00
IC5018.2 mM

Not stated
Increase in Bcl-2 content in the cell, resulted in its
phosphorylation, and in contrast decrease the Bax
levels
Not stated
Not stated

16.4 μg/mL
Viability 85 ± 5%

S.baicalensis and S.racemosa: 0.058 mg/g; S.lateriﬂora:
0.054 mg/g

10 μM

100 μg/mL

EC50 14.49 mg/mL
1000 mg/kg

Catechol group in ring B remains the major
determinant for OHR scavenging capability
Radical scavenging and reducing power
Enhance the level of SOD to eliminate excessive free
radicals and reducing the lipid peroxidation
H2O2/FeSO4 for hydroxyl radicals, xanthine/
xanthine oxidase for suproxide
Baicalein was the most eﬀective Anti-oxidant due to
itso-tri-hydroxyl structure in the ring
S.racemosa as a potential source of important
phytopharmaceuticals for treatment of human
disease.

IC50 (μM) 7.9

In vitro On DPPH radical

Using a nanoencapsulation process
Not stated
Not stated

0.5 mg/mL of nanoparticles/ 58.62%
IC50:0.04 mg/mL/ 201.9 ± 0.71
EC50: 30 μg/mL

Human/ In vitro Human ﬁbroblasts/ DPPH
In vitro Inhibition of NO production/DPPH
In vitro ABTS

Mechanism

Dose

Subject/ assay
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potential activity of the plant to enhance the cognitive health and
wellbeing.

inhibit the activity or to enhance the expression of antioxidant enzymes
such as superoxide dismutase, peroxiredoxin-6, glutathione peroxidase
and catalase [65].
Scutellaria lindbergii and its individual constituents possess strong
antioxidant activity. In the study conducted by Ehtesham-Gharaee
et al., ﬂavonoids and phenolics present in S. lindbergii act as antioxidant
and prevent against oxidative DNA damage which determined with
MTT assay [66]. In another study, high phenolic and ﬂavonoid compounds isolated from shoots and roots of S. altissima showed potent
antioxidant activity and free radical scavenging that evaluated using
ABTS radical scavenging, the lipid peroxidation and FRAP metal reduction power test [67]. Also Scutellaria litwinowii indicated strong
antioxidant activity which has been attributed to high levels of phenolic
and ﬂavonoids in the methanol extract [68]. The monoterpenes, thymol
and eugenol identiﬁed in S. immaculata, S. ramosissima and S. schachristanica showed moderate antioxidant activity by inhibiting ROS
generation and increasing the endogenous antioxidant compounds including ascorbic acid (vitamin C) and glutathione [69]. It is also reported that polysaccharides from S. barbata indicated potent antioxidant activity that measured using DPPH method [70].
Analysis of Scutellaria species of Western Ghats, conﬁrmed that all
the species exhibited signiﬁcant antioxidant and cytotoxic activity. The
extent of the antioxidant activity varied across diﬀerent species and the
methods used for extraction which the extract of S. colebrookiana and S.
violacea exhibited the highest activity [71]. Moreover, S. colebrookiana
and S. violacea protected erythrocytes from AAPH (2,2′ azobis (2-amidinopropane) hydrochloride) caused oxidative damage. The cytoprotective eﬀect of extract of S. colebrookiana and S. violacea is probably
related to its antioxidant activity [72].
Baicalein and baicalin isolated from S. baicalensis Georgi had protective eﬀects on the oxidative injury in neuronal cells and inhibited
lipoxygenase or phospholipase C and scavenged H2O2 produced free
radicals [73]. Also baicalin could scavenge the diphenylpicrylhydrazyl
radical (DPPH) and possess strong antioxidant activity [74]. The antioxidant eﬀects of baicalin were suggested that signiﬁcantly is better
than BHT and ascorbic acid. The majority of antioxidant eﬀects are
attributed to Scutellaria ﬂavonoids such as baicalein, baicalin, wogonin
and glucuronideas as they exhibit strong radical scavenging activity. In
facts, baicalin showed the strong scavenging activity against DPPH
[75]. A new ﬂavone glycoside, wogonin 7-O-b-D-ethylglucuronide and
wogonoside are also introduced as powerful antioxidants [76]. There is
also a report on antioxidant activity of the ﬂavone rich extract of S.
baicalensis which scavenge of ROS assayed via Formazan assay kit [77].
The extracts of S. baicalensis possess antioxidant activity through radical
scavenging, enhance the level of SOD and reduce the lipid peroxidation
[89–95]. Also, S. barbata, S. pinnatiﬁda, S. rehderiana and S. hastifolia
indicated potent antioxidant activity [96–100,103].

6. Strengths and limitations
In the ﬁeld of neuroscience, the eﬀect of the Scutellaria genus has
been extensively evaluated on diﬀerent aspects of pathogenesis of the
related disease including neuroprotection, antidepressant and anxiolytic, anti-inﬂammation and anti-oxidant activity. In this regard extracts and active components were studied and the mechanism of the
protection against neural disease has been proposed. In spite of the
evidence for potential activity, it seems the exact component responsible for the biologic activity of the plant has not been stated when
the extract has been studied.
Although the safety and eﬃcacy of the genus Scutellaria have been
shown in clinical studies as for cancer treatment, but the lack of clinical
trials in the ﬁeld of neuroscience made it diﬃcult to use the plant in
patients with neuropsychiatric problems.
7. Perspective
Due to the lack of clinical studies on Scutellaria in the ﬁeld of neuroscience authors are encouraged to work on the safety and eﬃcacy of
the plant on human subjects. Interestingly extracts and active components were both studied and showed therapeutic potential in in vitro
and animal model of neuropsychiatric diseases. Since synergism or
antagonism between active component change the activity of the extracts, study on the related mechanism would be a good topic for future
studies.
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