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Emodin attenuates brain edema
after traumatic brain injury in rats
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Abstract: Background: Emodin, a major component extract of Rhizoma Polygoni Cuspidati, has various biological ac-
tivities. The current study was to investigate the effects of emodin on brain edema after traumatic brain injury (TBI)
in rats. Material and methods: Rat model of traumatic brain injury was established using Modified Feeney method,
then rats were treated with emodin (10 mg/kg) 30 min before TBI and given once daily during the experiments.
After neurological severity scores (NSS) evaluation at 1, 2 and 7 days, the animals were sacrificed. Brain samples
were obtained and used for brain water content and blood-brain barrier (BBB) permeability measurement, as well as
RT-PCR and Western blots. Results: Emodin significantly improved neurological function, reduced BBB permeability
and ameliorated brain edema after TBI. It inhibited the expression of aquaporins (AQPs), including AQP-1, AQP-4
and AQP-9 both in mRNA and protein levels. Additionally, increased hypoxia-inducible factor-1a (HIF-1a) and matrix
metalloprotein-9 (MMP-9) levels-induced by TBI were diminished after the treatment of emodin. Conclusion: Our re-
sults suggest that emodin exhibits neural protective effect on brain edema after TBI and the molecular mechanism

is probably associated with the suppression of HIF-1a/AQPs and HIF-10/MMP9 pathways.
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Introduction

Traumatic brain injury (TBI), defined as direct
mechanical damage to the brain, is a major
cause of disability and death for people under
45 years old [1]. A major complication of TBI is
brain edema due to the loss of blood brain bar-
rier (BBB) permeability. Recent studies have
suggested the overexpression of Aquaporins
(AQPs) as a molecular mechanism for brain
edema and destruction of BBB in TBI. AQPs are
a family of water and water/glycerol channel
proteins that responsible for the rapid trans-
port of water across membranes [2]. AQP1 is
expressed in the apical membrane of the cho-
roid plexus, and plays a role in the formation of
cerebrospinal fluid; AQP4, found in astrocyte
foot processes, glia limitans and ependyma,
facilitates water movement into and out of
the brain, accelerates astrocyte migration and
alters neuronal activity, while AQP9 is present
in some glia and neuron, controls brain energy

metabolism [3]. A recent research has demon-
strated that AQP1 [4], AQP4 [5, 6] and AQP9 are
involved in the brain edema formation and res-
olution. Furthermore, increased expression lev-
els of the three proteins are also observed in
the brain tissue after TBI [4, 6, 7]. Except for
AQPs, Matrix metalloproteinase (MMP)-9 has
been identified involving in the breakdown of
BBB integrity and the formation of brain edema
[8]. Additionally, increasing evidence indicates
that hypoxia inducible factor (HIF)-1a expre-
ssed aberrantly after TBI, and is upstream regu-
lator of AQPs and MMP-9 after TBI [6, 9, 10].
Therefore, inhibiting the HIF-1a/AQPs and HIF-
1a/MMP9 pathways may be important targets
for the treatment of TBI.

Emodin (1,3,8-trihydroxy-6-methylanthraquino-
ne), is a major component extract of dried rhi-
zomes and the root of the Rhizoma Polygoni
Cuspidati. It has been extensively studied due
to its various biological activities [11], including
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Table 1. Sequences of primers

the skull 5 mm behind

Gene  Forward primer

Reverse primer

the coronal suture and

AQP1  5-ATGAAGCCCAAATAGAGGA-3’
AQP4  5-ATGCGGGTTTCTTGTTTC-3’
AQP9  5-GCATCTCTTTTCTCATCTCCT-3’
HIF-1oc  5-CCATTCCTCATCCATCAA-3’
MMP-9 5-GCAAGGATGGTCTACTGG-3’

5’-CAGGAAACAGAAAGAAAGACA-3’
5’-TCAGATTTCGGCTCATAGTT-3’
5’-GCCTTCACTTTATTCTCTGGT-3’
5’-GCTCATAACCCATCAACTCA-3’
5’-GAAGGTGAAGGGAAAGTGA-3’
GAPDH 5-CTTTGGTATCGTGGAAGGACTC-3' 5’-GTAGAGGCAGGGATGATGTTCT-3’

3.5 mm beside the mid-
line. After removing the
skull, the right parietal
cortex was exposed with
the dura intact. Rats in
TBlI and Emodin groups

anti-inflammatory [12], anti-oxidant [13], neuro-
protective [14] and anti-cancer [15, 16] proper-
ties. Despite evidence has showed that emodin
treatment can alleviate brain damage in a rat
model of craniocerebral explosive injury by
inhibiting inducible nitric oxide synthase (iNOS)
[17], itis still unclear whether emodin exerts its
protective effects on brain edema and BBB
destruction in TBI. Interestingly, emodin has
been reported to down-regulate the expression
of AQPs [18, 19]. However, the relationship
between emodin and AQPs has not been stud-
ied in TBI.

In this study, we aimed to investigate the role
of emodin on the neurological deficits, brain
edema, BBB permeability, and to primarily ex-
plore the underlying mechanism involved in.

Material and methods
Animal preparation and study design

All animal protocols were approved by University
Committee on Animal Care and Use of Zhejiang
University. A total of 36 adult male Sprague-
Dawley rats (age, 6 to 8 weeks; weight, 200 to
250 g) were purchased from the Shanghai
Laboratory Animals Co., Ltd. (Shanghai, China).
All animals were randomly divided into three
groups: Sham control, TBI rats orally treated
with saline, TBI rats orally treated with emodin
(10 mg/kg). The three groups were dived into 1,
2 and 7 day time-point sub-groups (each sub-
group contained 4 rats). All of the experimental
animals were maintained under a 12-hr light/
dark cycle and were sacrificed for analysis on
1st, 2th, and 7th day after TBI injury.

TBI rat models

The TBI model was established using Modified
Feeney method. Briefly, after anesthetization
(xylazine/ketamine) and a midline skin incision,
a 5-mm diameter craniotomy was created in
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were impacted following
20 g weight falling freely
in the height of 30 cm to induce injury of the
right parietal cortex. After impact, the cranioto-
my was closed with surgical staples and the
rats were returned to their cage for recovery.

Assessment of neurological function

Neurological function were assessed on 1st,
2th, and 7th day after TBI using modified neuro-
logical severity scores (MNSS), a scoring range
of 0-18, with higher scores reflecting greater
extent of injury.

BBB permeability assessment

BBB permeability was detected by evaluat-ing
Evans blue dye extravasation [20]. In brief,
Evans blue dye (2%, 5 mL/kg) was injected
intravenously and allowed to circulate for 1 h.
The rats were perfused with PBS until clear
PBS came out from the right atrium. The brains
were removed and the left hemisphere tis-
sue were then homogenized, centrifuged at
15,000xg for 30 min. Supernatant was collect-
ed and incubated with ethanol and trichloro-
acetic acid overnight, then centrifuged for 30
min at 15,000x%g, the supernatant was used for
spectrophotometric quantitation of extravasat-
ed Evans blue dye.

Brain water content measurement

Right hemisphere were removed and weighed
immediately (wet weight). Then the tissues
were weighed again after drying in an oven at
120°C for 24 h (dry weight). Brain water con-
tent was calculated as following: brain water
content = ([wet weight - dry weight]/wet weight)
100%.

RT-PCR analysis
The mRNA expression levels of APQs, HIF-1a

and MMP-9 were analyzed via PCR. Total RNA
was extracted using TRIzol reagent (Gibco Life
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Figure 1. Effects of emodin in neurological function
in rats after TBI. Data were showed as Mean + SD,
### P < 0.001, compared to Sham group; *, P < 0.05,
**, P <0.01, compared to TBI group.

Technologies; Thermo Fisher Scientific, Inc.)
according to the manufacturer’s protocol. The
MRNA was then reverse-transcribed into cDNA
using an M-MLV reverse transcription kit (Ta-
kara Biotechnology Co., Ltd., Dalian, China)
according to the manufacturer’s protocol with
the ABI StepOnePlus Real-Time PCR system.
Following the reverse transcription, fluores-
cence qPCR was performed using SYBR Green
| dye (Bio-Rad Laboratories, Inc., Hercules, CA,
USA) according to the manufacturer’s protocol.
GAPDH was used as a normal control for mRNA
analysis. The qRT-PCR data were exported and
processed using the 22Ct method. Primers were
list at Table 1.

Western blotting

Equal amounts of each protein were processed
for electrophoretic separation (SDS-PAGE) and
subsequently electrotransfered to polyvinyli-
dene fluoride (PVDF) membranes (Millipore,
Bedford, MA, USA). The western blots were
blocked with 5% milk at room temperature
for 1 h. The membrane was incubated at 4°C
overnight with primary antibody, followed by
incubation for 1 h with a secondary anti-body
conjugated with horseradish peroxidase. The
immunoreactive bands were visualized using
enhanced chemiluminescence (Cell Signaling
Technology) and photographed by a chemilumi-
nescence imaging system (ChemiDoc XRS+;
Bio-Rad, Hercules, CA).

Statistical analysis

All data were expressed as Mean #* SD.
Statistical analysis was performed by Graph
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Pad Prism (San Diego, CA). Comparing the dif-
ference between groups were statistically eval-
uated by one-way ANOVA with Student’s test or
Dunnett’s test, neurological scores between
different groups were statistically evaluated by
two-way repeated measures ANOVA. P < 0.05
was considered as statistical significant.

Results

Emodin improves neurological function after
TBI

To determine the effect of emodin on neurologi-
cal function, the NSS were assessed on Days 1,
2 and 7 after TBI. All rats in Sham group
received a score of O, however, rats in TBI group
showed obvious neural impairment (P < 0.001),
and the NSS score was significantly increased
in comparison to that of Sham group (1 day: P <
0.01; 2 days and 7 days: P < 0.001; Figure 1).
What’s important, obvious improvement was
observed in the Emo group, compared with TBI
group (P < 0.01).

Emodin reduced blood brain barrier perme-
ability after TBI

Then, BBB permeability was measured among
Sham, TBI, and Emo group rats on Day 1, 2, 7
by evaluating Evans blue dye extravasation. As
shown in Figure 2, Evans blue dye extravasa-
tion in brain regions of rats in TBI group was
significantly increased compared with Sham
rats (P < 0.001). However, the treatment of
emodin obviously reduced Evans blue dye
extravasation in brain in comparison to rats in
TBI group (1 day and 2 days: P < 0.05; 7 days: P
< 0.002).

Emodin ameliorates brain edema after TBI

To determine whether emodin treatment atten-
uates brain edema after TBI, the water content
among Sham, TBI, and Emo group rats on Day
1, 2, 7 was determined. As shown in Figure 3,
the whole brain water content was significantly
higher in TBI group (P < 0.001), compared to
that in Sham group. However, emodin treat-
ment greatly decreased brain water content (1
day and 2 days: P < 0.05; 7 days: P < 0.001).

Emodin down-regulated the expression of
AQPs, HIF-1a and MMP-9 after TBI

To investigate the effect of emodin on AQPs,
HIF-1a as well as MMP-9 after TBI, the mRNA
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Figure 2. Effects of emodin in BBB permeability in rats after TBI. Data were

showed as Mean * SD, ## P < 0.001, compared to Sham group; *, P <
0.05, ™", P < 0.01, compared to TBI group.
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Figure 3. Effects of emodin in brain water contents in rats after TBIl. Data
were showed as Mean * SD, ## P < 0.001, compared to Sham group; *, P
< 0.05, ", P < 0.01, compared to TBI group.

and protein expression of AQ-
P1, AQP4 and AQP9 among
Sham, TBI, and Emo group rats
on Day 7 were detected with
Q-PCR and Western Blot, res-
pectively. As illustrated in Fig-
ure 4A-C, TBI surgery signifi-
cantly increased the mRNA lev-
els of AQP1, AQP4 and AQP9.
However, emodin obviously re-
duced the elevation of mRNA
levels of AQPs induced by TBI
(Figure 4A-C). AQP1, AQP4 and
AQP9 protein expression in TBI
group, determined by Western
blot, also significantly increas-
ed, similar to the mRNA expres-
sion (Figure 4F). After the treat-
ment with emodin, protein ex-
pression levels of three AQPs
were markedly down-regulated
(Figure 5).

Lastly, the expression levels of
HIF-1la0 and MMP-9 were mea-
sured among Sham, TBI and
Emo group rats on Day 7. In-
creased mRNA expression of
HIF-1c (Figure 4D) and MMP-9
(Figure 4E) were found in TBI
group, while emodin treatment
significantly reduced the mRNA
expression of HIF-1a and MMP-
9. In addition, the protein ex-
pression of HIF-1a and MMP-9
was inhibited in the Emo group
on Day 7 after TBl as measured
by Western blot (Figure 5).

Discussion

In this study, a TBI injury rat
model was successfully estab-
lished, as evidenced by signifi-
cantly decreased neurological
function, elevated blood brain
barrier permeability and incre-
ased brain edema. Importantly,
emodin treatment for 2 and 7
days greatly attenuated these
changes above after TBI. To our
knowledge, this work was the
first study to indicate the pro-
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tective effects of emodin treatment in rat
model of TBI.

AQP1, 4 and 9 play key roles in the brain edema
formation and resolution, and expressed aber-
rantly in various brain diseases in both rodent
and human brain tissues [21-23]. AQP4 is the
most abundant aquaporin in the brain, AQP4
deletion reduces brain edema after ischemic
stroke [24] and pneumococcal meningitis [25].
AQP4 modulators have therapeutic potential in
the treatment of brain edema in brain disorders
including brain and spinal cord trauma injury
[26]. According to these studies, the results in
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Figure 4. Effects of emodin in AQPs, HIF-1a
and MMP-9 mRNA expression in rats after
TBI. Data were showed as Mean * SD, ###,
P < 0.001, compared to Sham group; -, P <
0.05, ™, P < 0.01, compared to TBI group.

our study found that TBI surgery significantly
increased the mRNA and protein levels of AQP4.
However, treatment of emodin induced the
decrease of AQP4 expression in rats after TBI.
Similar results were also found in AQP1 and 9
expression after treatment of emodin. Cons-
istently, the inhibitory effect of emodin in AQPs
expression has been proven previously [18,
19]. Given the roles of AQP1 and 9 in the clear-
ance of excess water and lactate and brain
water homeostasis in TBI [27], the up-regulated
expression of AQP1 and 9 by emodin may con-
tribute to its protective effects in rats after TBI.
Collectively, these findings above indicate that
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Figure 5. Effects of emodin in AQPs, HIF-1a and MMP-9 pro-
tein levels in rats after TBIl. Data were showed as Mean *
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P < 0.01, compared to TBI group.

the protective effects of emodin in TBI may
be associated with the regulation of AQPs
expression.

Furthermore, HIF-1a, a key transcription factor
in response to physiological conditions, has
been proven play a role in brain edema and
BBB disruption TBI [6, 10]. TBI induces HIF-1a
expression, which stimulates the expression of
AQPs as well as MMP-9 [10]. Be agree with
these studies, we found that HIF-1ac and MMP-
9 expression increased significantly after TBI.
Additionally, Lu and colleagues [28] demon-
strated that emodin could suppress HIF-1a and
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MMP-9 levels in human neuroblastoma cancer
SH-SY5Y cells. Accordingly, our results showed
that emodin treatment diminished the eleva-
tion expression of HIF-1a and MMP-9 in this
animal model. Therefore, these results suggest
that emodin attenuated brain edema and BBB
dysfunction after TBI via the inhibition of HIF-
1a, AQPs, and MMP-9.

Conclusion
Using a rat model we demonstrate that emodin

treatment significantly attenuated brain injury
after TBI, which is associated with significantly

Int J Clin Exp Med 2017;10(11):15213-15220
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reduced brain edema, attenuated BBB disrup-
tion by inhibiting HIF-1o/AQPs and HIF-1a/
MMP-9 pathways. Thus, our data suggests
emodin as a novel strategy for the treatment
of TBI. However, further studies are still need-
ed to further confirm and clarify the exact
mechanism.
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