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Xanthohumol promotes neuronal and behavioral
recovery by suppressing inflammatory response and
apoptosis in a rat model of intracerebral hemorrhage
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Abstract: Exaggerated inflammation and apoptosis are two pivotal pathological processes for secondary brain
injury after intracerebral hemorrhage (ICH). Xanthohumol (XN) is a prenylated chalcone derived from hops
(Humuluslupulus L.) and has been reported to possess neuroprotective activity. However, the roles of XN in ICH are
still unclear. Therefore, the present study was designed to determine the possible mechanisms of action of neuro-
protective properties of XN after ICH. In this study, we found that XN significantly increased the neurologic score and
reduced the brain water content at 24 h after ICH. XN also attenuated neuronal apoptosis and the expression of
pro-inflammatory mediators after ICH in rat brains. Furthermore, XN significantly suppressed p65 phosphorylation
in the brain after ICH. In conclusion, our present study demonstrated for the first time that XN promotes neuronal
and behavioral recovery by suppressing inflammatory response and apoptosis in a rat model of ICH. Thus, XN may

be a promising strategy to inhibit inflammation and neurological impairment in ICH.
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Introduction

Intracerebral hemorrhage (ICH) accounts for
approximately 10% to 15% of all strokes, and is
associated with high mortality and morbidity
rate throughout the world [1, 2]. It is character-
ized by the rupture of cerebral blood vessels
and subsequent leakage of blood, including
blood-intrinsic factors, into the brain parenchy-
ma [3]. Despite its importance, there is a lack
of effective treatments for ICH patients in clin-
ics. So, there is an urgent need to develop new
treatments for ICH.

Increasing evidences have reported that the
inflammatory response after ICH was able to
contribute to brain injury [4, 5]. Previous stud-
ies demonstrated that nuclear factor kB (NF-
kB) is a predominant regulator for inflammatory
cytokines such as interleukin-1p (IL-1B) and
tumor necrosis factor-a (TNF-) and plays an
important role after ICH [6]. Furthermore, neu-

ronal apoptosis is observed in experimental ICH
and is correlated with neurological function [7,
8]. Therefore, inhibiting inflammatory response
and neuronal apoptosis may be important ther-
apeutic approaches for ICH.

Xanthohumol (XN) is a prenylatedchalcone
derived from hops (Humuluslupulus L.). Many
studies have demonstrated that XN possesses
many physiological properties, such as anti-
tumor, anti-angiogenic, anti-inflammatory and
anti-oxidant potential [9-12]. Most recently, one
study showed that XN possesses potent neuro-
protective activity, and this activity is mediated,
at least in part, by inhibition of inflammatory
responses, apoptosis and platelet activation,
resulting in a reduction of infarct volume and
improvement in neuro-behavior in rats with
cerebral ischemia [13]. However, the roles of XN
in ICH are still unclear. Therefore, the present
study was designed to determine the possible
mechanisms of neuroprotective properties of
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XN after ICH. Our findings demonstrate that
XN could inhibit ICH-induced inflammatory
response and apoptosis.

Materials and methods
Animals

Adult male Sprague-Dawley rats (weighing
approximately 280-300 g) were obtained from
the Animal Breeding Center of Changchun
University of Chinese Medicine (China). The ani-
mals were housed under conventional condi-
tions at 22°C, 50-60% humidity and a 12 h
light/12 h dark cycle. Rats were provided free
access to food and water. All of the experiments
performed in this study were approved by
Changchun University of Chinese Medicine
Committee on Animal Care and strictly abided
by the National Institutes of Health Guidelines
for the Care and Use of Laboratory Animals.

Establishment of the ICH model

ICH model was induced by intrastriatal injec-
tion of bacterial collagenase as previously
described [14]. In brief, rats were anesthetized
with 3.6% chloral hydrate and placed in a ste-
reotaxic frame. An incision was made to expose
the bregma, and a burr hole was drilled at the
injection site: 3.0 mm left lateral to the midline,
0.2 mm posterior to bregma, 6 mm in depth
below the skull. Using a syringe pump, 0.5 U
type VII bacterial collagenase in 1 uL sterile
saline was infused slowly (0.5 yL/min) into the
central striatum. To prevent reflux, collagenase
was delivered over 5 min and the needle
remained in place for additional 10 min after
injection. Rats in the sham group received an
equal volume of sterile saline in the same
manner.

Experimental design

Rats were randomly assigned to four groups:
the sham group (n=20), the ICH + vehicle group
(n=20), the ICH + XN 10 mg/kg group (n=20)
and the ICH + XN 50 mg/kg group (n=20).
Different concentrations of XN (Sigma-Aldrich,
St. Louis, MO, USA) were administered i.p. to
each animal 1 h after ICH. All efforts were made
to minimize suffering. Based on a prior study,
all of the animals were sacrificed at 24 h after
the operation.

Neurological scoring

Neurological scores were assessed at 24 h
after ICH as described previously [15]. The eval-
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uation consists of six tests that can be scored
1-3. These six tests include: spontaneous activ-
ity; symmetry in the movement of all four limbs;
forepaw outstretching; climbing; body proprio-
ception; and response to whisker stimulation.
The maximum score is 18 and the minimum is
3. Higher scores indicate greater function. The
neurological evaluation was performed before
surgery and at 24 h after ICH.

Hemorrhagic injury analysis

Injury volume was quantified using coronal sec-
tions stained with cresyl violet at 20 rostral-
caudal levels that were spaced 200 ym apart.
Hemorrhagic volumes were calculated using
Image Pro Plus 6.0 software (Media Cybernetics,
USA).

Measurement of the brain water content

Brain water content was measured at 24 h
after ICH as described previously [16]. After
euthanasia and decapitation, the brains were
quickly removed and immediately weighted as
wet weight. Then, samples were placed in an
oven for 72 h at 100°C to obtain the dry weight.
The brain water content (%) was calculated as a
percentage by using the following method: (wet
weight-dry weight)/wet weight x100%.

Quantitative reverse transcription polymerase
chain reaction (QRT-PCR)

Total RNA was extracted from the brain tissue
with using the Trizol Reagent (Invitrogen, Carls-
bad, CA) according to the manufacturer’s pro-
tocol. gRT-PCR was performed with a SuperRT
One Step RT-PCR Kit (Biotechnology lJiangsu,
China) according to the manufacturer’s instruc-
tions. The specific primers for TNF-a were
sense, 5-CACGTCGTAGCAAACC-3’ and antise-
nse, 5-GGTGAGGAGCACATAGT-3’; IL-6 were se-
nse, 5-ATATACCACTTCACAAGTCGG-3’ and anti-
sense, 5-GGCAAATTTCCTGGTTATATCC-3’; and
for B-actin were sense, 5-AAA TCGTGCGTG-
ACATCAAAGA-3’ and antisense, 5-GGCCATC-
TCCTGCTCGAA-3. Relative quantification of
gene expression was performed using the 2-44Ct
method, with B-actin mRNA as an internal
control.

Western blot
The total protein samples were extracted from
the brain tissue using RIPA lysis buffer

(Beyotime, Nantong, China). The protein con-
tent was determined by BCA protein assay

Int J Clin Exp Med 2017;10(5):7843-7850



The role of XN in ICH

Neurological score

(@]
=3
=3

)

==}
th
1

Brain water content (%)

Hemorrhagic lesion volume (mm 3)

(Pierce, Rockford, IL). Forty micrograms of pro-
tein per lane were separated by 10% SDS-PAGE
and electroblotted onto nitrocellulose mem-
branes (Amersham Pharmacia, Munich, Ger-
many). The membrane was then blocked with
5% skim milk and then incubated with primary
antibodies overnight at 4°C. The primary anti-
bodies were as follows: anti-TNF-a, anti-IL-6,
anti-Bax, anti-Bcl-2, anti-cleaved caspase-3,
anti-p-NF-kB p65, anti-NF-kB p65 and anti-
GAPDH (Santa Cruz Biotechnology, Santa
Cruz, CA, USA). Binding of the primary antibody
was detected by peroxidase-conjugated sec-
ondary antibodies and enhanced chemilumi-
nescence (Bedford, MA, USA) Band pattern
was analyzed with Quantity One 4.1.0 software
(Bio-Rad, Hercules, CA, USA).
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Figure 1. Effects of XN on neurological score,
hemispheric injury volume andbrain water con-
tentin ICH rats. A. After 24 h post ICH modeling,
the rats were in stable condition, the neurologi-
cal deficit tests were performed by behavioral
measurement. B. Hemispheric injury volume
was quantified using coronal sections stained
with cresyl violet. C. Brain water content was
measured at 24 h after ICH. The bars represent
the mean = S.E.M. *P<0.05, compared to con-
trol group, n=3.

Statistical analysis

Results were expressed as mean + S.E.M. of
three independent experiments performed in
triplicates. One-way ANOVA followed by Dun-
nett’s t-test was used for statistical analysis.
P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Effects of XN on neurological score, hemi-
spheric injury volume and brain water content
in ICH rats

First, we evaluated the effect of XN on neuro-
logical score in ICH rats. At 24 h after ICH, the
neurologic score was obviously decreased in
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the ICH + vehicle group, as compared with the
sham group. However, XN significantly increas-
ed the neurologic score at 24 h after ICH, com-
pared with the ICH + vehicle group (Figure 1A).
The hemorrhagic lesion volume for the XN
group was significantly decreased compared
with the ICH + vehicle group at 24 h post-ICH
(Figure 1B). Then, the effect of XN on brain
water content in ICH rats was also determined.
The brain water content in the ICH + vehicle
group was greatly increased compared with the
sham group at 24 h after ICH. XN significantly
reduced the increase in brain water content
induced by ICH, as compared with the ICH +
vehicle group (Figure 1C).

XN attenuated neuronal apoptosis after ICH in
rat brains

To investigate the effect of XN on neuronal
apoptosis, the expression ratio of Bcl-2 to Bax,
key factors of the apoptotic signal pathway, was
analyzed in rat brains after ICH. As shown in
Figure 2, in comparison with the sham group,
ICH significantly increased the expression of
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Figure 2. XN attenuated neuronal apoptosis
after ICH in rat brains. A. The protein expres-
sion of Bax, Bcl-2 and cleaved caspase-3 was
assessed by Western Blot at 24 h after ICH. B.
The ratio of Bax/Bcl-2. C. The bar graph indi-
cated the relative density of cleaved caspase-3
versus GAPDH. The bars represent the mean +
S.E.M. *P<0.05, compared to the sham groups,
#P<0.05, compared to the ICH + vehicle groups,
n=3.

Relative protein expression O
of cleaved caspase-3/GAPDH

Bax, decreased the expression of Bcl-2.
However, after treatment with XN, expression
of Bax protein was lower, while expression of
Bcl-2 protein was higherin rat brains, as com-
pared with the ICH + vehicle group. Then, we
determined the effect of XN on cleaved cas-
pase 3 expression using Western blot. ICH sig-
nificantly increased the expression of cleaved
caspase 3 as compared with sham-treated
group. However, XN treatment obviously
decreased the expression of cleaved caspase
3, as compared with the ICH + vehicle group.

XN attenuated the release of pro-inflammatory
mediators after ICH in rat brains

Accumulating evidences suggested a pivotal
role of pro-inflammatory cytokines such as
TNF-a and IL-6 in the development and the
pathogenesis of ICH. Therefore, we investigat-
ed the effect XN on the expression of pro-
inflammatory mediators after ICH in rat brains.
As shown in Figure 3A and 3B, RT-PCR analysis
demonstrated that the mRNA expression of
TNF-a and IL-6 was greatly upregulated in the
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ICH + vehicle group compared with the sham
group at 24 h after ICH, whereas, XN signifi-
cantly decreased the upregulation of TNF-a
and IL-6 compared with the ICH + vehicle group.
Similarly, the results of Western blot showed
that XN attenuated the protein expression of
TNF-a and IL-6 after ICH in rat brains (Figure
30).

XN inhibited the activation of NF-kB signaling
pathway

It is known that NF-kB is involved in the brain
injury after ICH. Thus, we examined the effect
of XN on NF-kB activation in the brain after ICH.
As shown in Figure 4, the expression of p65
phosphorylation was enhanced in the ICH +
vehicle group compared with the sham group
at 24 h after ICH. However, XN significantly sup-
pressed p65 phosphorylation compared with
the ICH + vehicle group.
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Figure 3. XN attenuated the release of pro-
inflammatory mediators after ICH in rat
brains. A, B. RT-PCR analysis for TNF-ac and
IL-6 genes expression in the ICH + vehicle
and sham-operation brain tissues. C. West-
ern blot analysis for TNF-a and IL-6 protein
expression in the ICH and sham-operation
brain tissue. The bars represent the mean
+ S.E.M. *P<0.05, compared to the sham
groups, #P<0.05, compared to the ICH +
vehicle groups, n=3.

Discussion

In this study, we found that XN significantly
increased the neurologic score and reduced
the brain water content at 24 h after ICH. XN
also attenuated neuronal apoptosis and the
expression of pro-inflammatory mediators after
ICH in rat brains. Furthermore, XN significantly
suppressed p65 phosphorylation in the brain
after ICH.

Brain edema is a pathological process for sec-
ondary brain injury after ICH and constitutes
the main cause of increased intracranial pres-
sure, resulting in brain herniation. Multiple lines
of evidence have reported that the degree ofce-
rebral edema is correlated with poor neurologi-
cal outcome in patients [17, 18]. XN was found
to be a potent neuro-protective agent [19-21].
Yen et al. reported that treatment with XN dose-
dependently attenuated focal cerebral isch-
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emia and improved neurobehavioral deficits in
rats with middle cerebral artery occlusion
(MCAO) [13]. In line with the previous study,
herein, we found that XN significantly increased
the neurologic score and reduced the brain
water content at 24 h after ICH. These results
suggest that XN improved neurological deficits
and attenuated brain edema in collagenase
induced ICH rats.

Neuronal apoptosis is one of the most severe
consequences after ICH [7]. Previous studies
reported that up-regulation of pro-apoptotic
Bax levels and concurrent down-regulation of
anti-apoptotic protein Bcl-2 induced the release
of cytochrome ¢ and activation of caspases
and eventually resulted in cell apoptosis [22].
Caspase-3, known as the death enzyme, has a
critical role in the controlled execution of pro-
grammed cell death [23], and its expression is
up-regulated in the brain after ICH [24]. In the
present study, we found that XN treatment obvi-
ously decreased the expression of Bax and
increased the expression of Bcl-2, as well as
decreased the expression of cleaved caspase
3. These results suggest that XN could promote
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Figure 4. XN inhibited the activation of NF-
KB signaling pathway. A. Western blot was
employed to detect the protein levels of
p-p65 and p65 in the brain tissues after
24 h following ICH. B and C. The bar graph
indicated the relative density of p-p65 and
p65 versus GAPDH. The bars represent the
mean + S.E.M. *P<0.05, compared to the
sham groups, #P<0.05, compared to the
ICH + vehicle groups, n=3.
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functional ICH

neural
decreasing the number of apoptotic cells in the
injured brain tissue.

recovery in rats by

Increasing evidence suggests that inflamma-
tion is a vital factor in the pathological progress
of ICH [25, 26]. It has been reported that the
expression of pro-inflammatory mediators,
such as TNF-a and IL-6, is increased after ICH
[27]. This is consistent with our findings that
ICH obviously increased the expression of
TNF-o0 and IL-6. However, XN attenuated the
expression of pro-inflammatory mediators after
ICH in rat brains. These results suggest that
XNcould promote neural functional recovery in
ICH rats by suppressing the expression of pro-
inflammatory mediators.

NF-kB signaling pathway plays a critical role in
inflammatory response [28]. NF-kB is activated
and sustained elevated for several days after
ICH, and it is associated with cell death in peri-
hematomal brain tissue after ICH. Moreover, it
was reported that pretreatment with XN almost
completely blunted the ischemia/reperfusion
(I/R)-induced AKT and NF-kB activation and the
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expression of the pro-inflammatory genes,
which are known to play an important role in
the subacute phase of I/R-induced liver dam-
age [29]. Another study showed that XN also
significantly inhibited the excessive production
of inflammatory mediators NO, IL-13, and TNF-
o, and the activation of NF-kB signaling in LPS-
induced stimulated BV2 cells [30]. Consistent
with these results, in the present study, we
found that XN significantly suppressed p65
phosphorylation in the brain after ICH. These
results suggest that XN inhibits inflammatory
response and apoptosis in a rat model of ICH
through suppressing the NF-kB signaling
pathway.

In conclusion, our present study demonstrated
for the first time that XN promotes neuronal
and behavioral recovery by suppressing inflam-
matory response and apoptosis in a rat model
of ICH. Thus, XN may be a promising strategy to
inhibit inflammation and neurological impair-
ment in ICH.
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