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Drinking culture has high significance in both
China and the world, whether in the entertainment
sector or in social occasions; according to the World
Health Organization’s 2018 Global Alcohol and Health
Report, about 3 million people died from excessive
drinking in 2016, accounting for 5.3% of the total
global deaths that year. Oxidative stress and inflam‐
mation are the most common pathological phenomena
caused by alcohol abuse (Snyder et al., 2017). Scutel‐
larin, a kind of flavonoid, is one of the main active
ingredients extracted from breviscapine. It exerts anti-
inflammatory, antioxidant, and vasodilation effects, and
has been used to treat cardiovascular diseases and
alcoholic liver injury. Although scutellarin can effect-
ively alleviate multi-target organ injury induced by
different forms of stimulation, its protective effect on
alcoholic brain injury has not been well-defined. There‐
fore, the present study established an acute alcohol mice
brain injury model to explore the effect of scutellarin
on acute alcoholic brain injury. The study was carried
out based on the targets of oxidative stress and inflam‐
mation, which is of great significance for the targeted
therapy of clinical alcohol diseases.

Alcohol exposure will promote the production of
reactive oxygen species (ROS) (Hathroubi et al., 2018).
ROS are the products of normal cell metabolism and

the basis for maintaining cell homeostasis. A limited
concentration of ROS participates in the inflammation
and immune responses, enhancing the learning and
memory capabilities. However, when ROS accumu‐
late excessively in the brain, the antioxidant enzymes
including copper/zinc superoxide dismutase (SOD),
glutathione system, and catalase (CAT) will be largely
consumed, and the imbalance of oxidants and anti‐
oxidants triggers oxidative stress. The brain, as an
advanced organ that governs various behaviors of the
limbs, has high oxygen consumption and low antioxi‐
dant capacity, and it is rich in unsaturated fatty acids.
These factors make the brain organ extremely suscep‐
tible to oxidative stress. What is more, the production
of ROS also leads to the oxidation of lipids containing
carbon–carbon double bonds in the membrane lipid
bilayer. Therefore, lipid peroxidation is accompanied
by oxidative stress. Because of the high content of
malondialdehyde (MDA) during lipid peroxidation, it
is generally considered as a biomarker of this process
(Mas-Bargues et al., 2021).

The production of inflammatory cytokines is
promoted by ROS (Li et al., 2013). The excessive
accumulation of ROS caused by alcohol abuse can
trigger inflammation, which leads to organ damage,
such as that of the heart and the brain. Interleukin-1β
(IL-1β) is a kind of interleukin cytokine, which is
produced in response to stimulation in the early stage
of inflammation and then induces the production of
other inflammatory mediators, exacerbating the inflam‐
matory response. IL-6 is a central proinflammatory
cytokine. Tumor necrosis factor-α (TNF-α) is also
an important proinflammatory cytokine, which can
stimulate the release of IL-1β and cyclooxygenase
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(COX). Alfonso-Loeches et al. (2014) found that
alcohol stimulation led to neuroinflammation and brain
damage by activating Toll like receptor-4 (TLR4)/IL-1
receptor Ⅰ (IL-1R I) in astrocytes, which induced the
secretion of IL-1β, TNF-α, and IL-6 and the produc‐
tion of inflammatory mediators inducible nitric oxide
synthase (iNOS) and COX-2.

Oxidative stress and inflammation are two phe‐
nomena that have received much attention in recent
years. Based on these two targets, this study estab‐
lished a model of alcoholic brain injury, and explored
whether the anti-inflammatory and antioxidant activity
of scutellarin can relieve the associated brain damage.
This work applied scutellarin treatment in an acute
brain injury model for the first time, providing an
effective method for the prevention of alcoholic brain
injury worldwide, which has great future significance.

We established an alcoholic brain injury model
using specific pathogen-free (SPF) BALB/c male mice
(6 weeks old, weighing 18‒22 g), purchased from
Pizhou Dongfang Breed Co., Ltd. (Pizhou, China). The
mice were randomly divided into five groups with
six individuals in each group, including the negative
control group, the alcohol group (diluted to 50%
(volume fraction) in water), and the scutellarin treat‐
ment groups with low, middle, and high doses (10, 25,
and 50 mg/kg body weight (BW)+50% (volume
fraction) ethanol, 12 mL/kg BW, respectively). Equal
volumes of distilled water or scutellarin were injected

once daily for 3 d intraperitoneally, and alcohol was
administered by oral gavage 12 h after the last injec‐
tion. The mice were fasted for 12 h after ethanol treat‐
ment and then euthanized for further experiments.

In order to observe whether scutellarin can alle‐
viate brain damage caused by alcohol, the cerebrum
tissue samples were stained by hematoxylin and eosin
(H&E) staining. As shown in Fig. 1, in the alcohol
group, the morphology and structure of cerebrum
tissue cells were severely altered, with almost all
neurons contracting and showing hyperchromatism.
The nucleus and cytoplasm were indistinguishable.
Compared with the alcohol group, the samples in the
low- and medium-dose scutellarin treatment displayed
no obvious change, accompanied by capillary swelling
and decreased neurons, while the high-dose scutellarin
treatment group showed sharply reduced neuron
shrinkage and exhibited shallow staining.

In order to explore how scutellarin affects oxida‐
tive stress in the brain caused by alcohol, this work
tested the activity of related antioxidant enzymes and
the content of MDA, a marker of lipid peroxidation in
brain tissue. As shown in Fig. 2a, compared with the
control group, the MDA content in the cerebrum of
the alcohol-treated group was significantly increased.
After scutellarin pre-treatment, the MDA content was
significantly lower than that in the alcohol group.
However, in the cerebellum, different phenomena
were observed: only the middle and high doses led to

Fig. 1 Scutellarin alleviates pathological damage caused by acute alcohol exposure. Scutellarin was injected intraperitoneally
3 d in advance as a pre-treatment drug. The low, medium, and high doses were 10, 25, and 50 mg/kg, respectively. After
12 h of intragastric administration, the cerebrum tissues were taken for H&E analysis to observe the morphological
changes of the structures in the control group (a), alcohol group (b), low-dose group (c), medium-dose group (d), and
high-dose group (e). Scale bar=100 μm. The black arrow indicates pyknotic neuron, and the green arrow indicates
swollen capillary. H&E: hematoxylin and eosin.
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significant differences compared with the alcohol
group, while the low doses resulted in no difference
from the alcohol group (Fig. 2b). The determination
of the activity of antioxidant enzymes SOD and CAT
showed that the activity of these two antioxidant en‐
zymes in the two brain tissues was significantly re‐
duced in the alcohol group (Figs. 2c–2e). In the cere‐
brum tissue, only high-dose scutellarin could in‐
crease the SOD activity, while medium- and low-
dose scutellarin had no effect on the SOD activity.
Interestingly, compared with the alcohol group, all
doses of scutellarin increased the SOD activity in
the cerebellum (Figs. 2c and 2d). However, for CAT

activity, the alcohol group exhibited no effect on the
cerebellum, and pre-treatment with scutellarin had
no effect on the cerebellum CAT activity (Fig. 2f).

In order to validate whether scutellarin can alle‐
viate the inflammation caused by alcohol exposure,
we detected the messenger RNA (mRNA) expression
levels of key inflammatory factors. As shown in Fig. 3,
compared with the control group, the expression
levels of IL-1β, IL-6, TNF-α, and the activity of iNOS
in the cerebrum of acute alcohol-treated mice were
significantly increased. Low-dose scutellarin treatment
had no effect on the reduction of inflammatory factors
TNF-α or iNOS. Other doses of scutellarin could reduce

Fig. 2 Effects of scutellarin on the antioxidant enzyme activity and MDA content in the brain tissues due to acute
alcohol exposure. The supernatants of cerebrum and cerebellum homogenate were used to determine the activity of
antioxidant enzymes SOD and CAT, and the content of MDA. Among them, (a), (c), and (e) represent the levels of MDA,
SOD, and CAT in the cerebrum, respectively, while (b), (d), and (f) represent the levels of MDA, SOD, and CAT in the
cerebellum, respectively. Data were presented as mean±SD (n=6). * P<0.05, *** P<0.001, vs. the control group. # P<
0.05, ## P<0.01, ### P<0.001, vs. the alcohol group. n.s.: no significance (P>0.05). SOD: superoxide dismutase; CAT:
catalase; MDA: malondialdehyde; SD: standard deviation.
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the increases in the expression of proinflammatory-
related factors caused by acute alcohol exposure. In
the low-dose scutellarin group, in addition to the
significantly reduced expression of iNOS, the expres‐
sion of other inflammatory factors in the cerebellum
was consistent with that in the cerebrum (Fig. 4).

Alcohol abuse has become so frequent around the
world that alcohol-related injuries, such as accidental
and pathological injuries, account for a large propor‐
tion of total deaths each year. Although alcoholic brain
injury is fairly common, no commercial drugs have
been developed for treatment. Therefore, this study
aimed to determine the preventive and protective
effects of scutellarin on acute alcohol exposure by
establishing an acute alcoholic mice brain injury
model.

The molecular mechanisms of oxidative stress
and inflammation induced by alcohol stimulation may
be related to the activation of several signaling path‐
ways. The nuclear factor erythroid-2-related factor
(Nrf2) signaling pathway is a representative signaling
pathway of oxidative stress. Nrf2, as an important
transcription factor for nuclear transcription to regulate

cellular oxidative stress response, if stimulated by
certain agents (such as ROS imbalance stimulants),
will not bind stably with Kelch-like epichlorohydrin
(ECH)-associated protein l (Keap-1) in the cytoplasm
and will be transferred to the nucleus, combine with
antioxidant response elements, and enhance the
expression of downstream antioxidants. A previous
study showed that babaodan could reduce the contents
of ROS and MDA, upregulate the expression of anti‐
oxidant enzyme heme oxygenase-1 (HO-1) protein, and
alleviate ethanol-induced acute brain injury through
Nrf2 activation (Yu et al., 2019). Exercise has protec‐
tive function via upregulating the decreased activity
of the antioxidant enzymes SOD and CAT in the heart
and liver induced by acute alcohol stimulation by
promoting the activation of the Nrf2/Keap-1/HO-1
pathway (Fan et al., 2021). As a powerful antioxi‐
dant, scutellarin could increase the mRNA expres‐
sion of HO-1 and nicotinamide adenine (phosphate)
dinucleotide (NAD(P)H) quinone oxidoreductase 1
(NQO1), while inhibiting Nrf2 could significantly
reverse the protective effect of scutellarin on the
hypoxia/reoxygenation-related injury of liver cells

Fig. 3 Effects of scutellarin on the proinflammatory factor mRNA levels and iNOS activity in the cerebrum tissues caused by
alcohol exposure. (a‒c) The mRNA extracted from the tissues was reverse-transcribed into cDNA, and the mRNA expression
levels of IL-1β (a), IL-6, (b), and TNF-α (c) in the cerebrum were measured using qPCR assays. (d) The activity of iNOS in the
supernatants of cerebrum homogenates was determined by a biochemical kit. Data were presented as mean±SD (n=6). * P<0.05,
** P<0.01, *** P<0.001, vs. the control group. # P<0.05, ## P<0.01, ### P<0.001, vs. the alcohol group. n.s.: no significance (P>0.05).
mRNA: messenger RNA; cDNA: complementary DNA; IL-1β: interleukin-1β; IL-6: interleukin-6; TNF-α: tumor necrosis
factor-α; qPCR: quantitative polymerase chain reaction; iNOS: inducible nitric oxide synthase; SD: standard deviation.
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(Wu and Jia, 2019). In addition, scutellarin could
reduce the content of MDA in the hippocampus, and
it enhanced the antioxidant and defense components,
such as SOD, CAT, and glutathione (GSH), and allevi‐
ated cognitive defects induced by lipopolysaccharide
in rats (Baluchnejadmojarad et al., 2018). Based on
the target of oxidative stress, it was speculated that
scutellarin might play a similar antioxidant effect in
the pathological model of alcoholic brain injury in
this study, while Fig. 2 confirmed this speculation.
Furthermore, the protective effect of scutellarin on the
brain may also depend on the regulation of the Nrf2
pathway, which needs to be determined by deeply
exploring the protective mechanism of scutellarin
against acute alcohol brain injury in the future. The
brain tissue inflammation caused by alcohol stimula‐
tion may be related to the activation of the nuclear
factor-κB (NF-κB) pathway. NF-κB, a heterodimer
composed of p65/p50 or p52/v-rel reticuloendotheli‐
osis viral oncogene homolog B (RelB), is an important
transcription factor that can regulate a variety of biolog‐
ical activities, including cell proliferation, apoptosis,

and inflammation (Liu et al., 2020). Under normal
circumstances, NF-κB in the cytoplasm is inactive,
and its dimer complex can combine with the inhibitor
of NF-κB (IkB) to form a new trimeric complex. Once
the NF-κB pathway is activated, the IκB protein is
phosphorylated, dissociating it from the trimer, and
the dimer of NF-κB rapidly moves from the cytoplasm
to the nucleus, triggering an inflammatory cascade.
For example, TNF-α stimulation triggered osteoar‐
thritis by significantly upregulating the mRNA expres‐
sion of inflammatory factors IL-1β, IL-6, and the
activity of iNOS, and increasing the phosphorylated
protein contents of IκBα and NF-κB p65, which in
turn led to osteoarthritis (Wang et al., 2019). Grape-
leaf extract could alleviate alcohol-induced liver injury
by inhibiting the activation of the NF-κB pathway
and the expression of proinflammatory factors IL-6
and TNF-α (Amen et al., 2020). Besides, Zhang et al.
(2014) demonstrated that microRNA (miR)-339-5p
regulated the brain inflammation induced by the alcohol-
induced overexpression of IL-1β, IL-6, and TNF-α
by inhibiting the NF-κB pathway. Therefore, it is

Fig. 4 Effects of scutellarin on the proinflammatory factor mRNA levels and iNOS activity in the cerebellum caused by
alcohol exposure. (a‒c) The cDNA template was obtained by reverse transcription using mRNA extracted from the
tissues, and the mRNA expression levels of IL-1β (a), IL-6 (b), and TNF-α (c) in cerebellar tissues were detected by
qPCR. (d) The activity of iNOS in the supernatants of cerebellum tissue homogenate was determined by a biochemical
kit. Data were presented as mean±SD (n=6). ** P<0.01, *** P<0.001, vs. the control group. # P<0.05, ## P<0.01, ### P<0.001,
vs. the alcohol group. n. s.: no significance (P>0.05). mRNA: messenger RNA; cDNA: complementary DNA; IL-1β:
interleukin-1β; IL-6: interleukin-6; TNF-α: tumor necrosis factor-α; qPCR: quantitative polymerase chain reaction;
iNOS: inducible nitric oxide synthase; SD: standard deviation.
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conjectured that scutellarin could play a similar anti-
inflammatory effect in alcoholic brain injury in this
study, and Figs. 3 and 4 confirmed this assumption.
Whether the anti-inflammatory roles of scutellarin in
acute alcohol brain injury are regulated by the NF-κB
pathway needs further clarification. In short, brain
damage caused by acute alcohol stimulation, regard‐
less of what signal pathway is activated, is closely
related to inflammation and oxidative stress. Therefore,
clarifying the roles of scutellarin on these two targets
in acute alcohol brain injury is of great signifi‐
cance for subsequent research on specific signaling
pathways.

Scutellarin has been widely used in clinical prac‐
tice due to its high efficiency and safety, such as its
anti-inflammatory and antioxidant activity in cerebral
ischemia perfusion injury and angina pectoris. In addi‐
tion, the anti-tumor activity of scutellarin has been
reported in a large number of clinical studies. For
example, scutellarin inhibited the growth of xenograft
tumors from patients with esophageal cancer by
directly targeting protein kinase B (PKB or Akt)
(Wang et al., 2015), and it has also been used to inhibit
the metastasis of glioma cells. Scutellarin could be
combined with Western drugs in clinical practice,
such as glucocorticoids in the treatment of sudden
sensorineural hearing loss (Zheng et al., 2020) and
enalapril in the treatment of kidney damage in diabetic
rats (Xu et al., 2013). Although scutellarin has many
benefits, it faces the problem of low bioavailability.
The main reasons for this may include its low oral
solubility, limited membrane permeability, and the
impact of first pass elimination in the gastrointestinal
tract. In recent years, researchers have attempted to
improve the oral bioavailability of scutellarin using
nanoparticles, liposome nanocomposite particles,
phospholipid complexes, and other agents (Wang et al.,
2017).

In summary, our research results suggest that
acute alcohol exposure causes oxidative stress and
inflammation; however, these two phenomena can be
alleviated by scutellarin by upregulating antioxidant
enzyme activity and downregulating the expression
of inflammatory factors. Scutellarin is therefore con‐
sidered to be a promising agent for the prevention
of acute alcoholic brain injury, as well as a poten‐
tial candidate for the prevention and treatment of
other clinical diseases.

Materials and methods
Detailed methods are provided in the electronic supple‐

mentary materials of this paper.
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