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Abstract Objective The aim of this study was to explore the inhibition effect and possible

mechanism of Lycium barbarum polysaccharides (LBP) on rat intracerebral hemorrhage
(ICH) secondary neuronal apoptosis.

Materialsand Methods High-, medium-,andlow-dose LBP (50, 100, and 200 mg ¢ kg)
and nimodipine (10 mg-<kg) groups were given once daily by 15-day gavage before
operation, while the sham operation and ICH groups were given the equal volume of
saline. An ICH model was established by autologous blood injection and the neurolog-
ical function in each group was scored at 4, 8, 12, 24, and 48 hours after modeling.
Furthermore, terminal deoxynucleotidyl transferase dUTP nick end labeling analysis
was performed to detect neuronal apoptosis, while western blot, immunohistochem-
istry, and real-time-polymerase chain reaction were used to study the influence of LBP
on ICH secondary neuronal apoptosis.

Results The neurological function score was significantly decreased after ICH, and
the intervention effect of a single drug was not evident. The apoptotic nerve cells
increased significantly in the ICH group but decreased considerably in the LBP groups.
Furthermore, tumor necrosis factor alpha (TNF-a) expression decreased significantly,
while B-cell lymphoma 2 expression increased substantially in the high- and
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hemorrhage medium-dose LBP groups compared with ICH group, suggesting that LBP could reduce

= neuronal apoptosis the effect of ICH. However, the impact of LBP did not correlate positively with the dose.

= TNF-a Conclusion The application of LBP may not significantly improve neurological
= Bcl-2 function after ICH, but it can inhibit rat ICH secondary neuronal apoptosis.

Introduction The physio-pathologic mechanism of ICH is complicated,

and secondary injury after ICH is an important factor that
leads to a neurological deficit. Recent research shows that
apoptosisisalsoinvolved in ICH secondary injury.>* Apoptosis,
also known as programmed cell death, is an active cell sui-
cide process that is essential for the maintenance of balance
in organisms, after receiving some signals or stimulation.*
Studies on this and related topics have become the front edge

Intracerebral hemorrhage (ICH) is one of the most devastat-
ing types of stroke, accounting for approximately10 to 15% of
all strokes. Patients with ICH have a poor prognosis. Eighty
percent of the survivors beyond the acute phase may suffer
from prolonged neurological deficit and brain atrophies.!
With the increasing aging population, the morbidity of
ICH increases yearly, severely threatening middle-aged and
elderly people's health.
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and hotspot in bioscience. In this study, we investigated the
endogenous and exogenous pathways of apoptosis.
Currently, drugs and surgery are used for the treatment
of ICH in clinics. These two treatment methods complement
each other and cause a decrease in the mortality and disabil-
ity rate of ICH patients.>® However, no matter which therapy
is chosen, early prevention of ICH cannot be ignored. Thus,
seeking an effective preventive neuroprotective drug is very
urgent and crucial. Lycium barbarum is a traditional Chinese
medicine that has Lycium barbarum polysaccharides (LBP) as
an active ingredient. Modern pharmacological research has
shown that LBP has many pharmacological effects, includ-
ing free radical scavenging, oxidation resistance, antiaging,
antitumor, neuroregulation, and immunoregulation.®
LBP can prevent neurovirulence caused by p-amyloid pep-
tide by inhibiting c-Jun N-terminal kinases (JNK), protein
kinase RNA (PKR), and caspase-3 proapoptotic signaling
pathways."! It possesses protective effect against neurolog-
ical deficit caused by ischemia and ischemia-reperfusion,
the breakdown of blood-retinal barrier and oxidative stress
injury, and remit neuronal apoptosis and retinal swelling.'
LBP can decrease the phosphorylation of JNK by decreasing
lactate dehydrogenase secretion and inhibiting the activa-
tion of B-amyloid peptide enzyme to prevent apoptosis of
nerve cells, decrease RNA-dependent PKR phosphoryla-
tion, and play a neuroprotective role.!* Recently, Wang et al
found that LBP could decrease neuron apoptosis caused by
cerebral ischemia by influencing mitochondrial apoptosis
pathway.'* However, reports regarding the impact of LBP on
ICH secondary neuronal apoptosis are limited. Therefore,
in this study, we explored the preventive effect of LBP on
the apoptosis of ICH secondary nerve cells and the possi-
ble mechanisms, which will form the theoretical basis for
developing ICH-related preventive neuroprotective drugs.

Materials and Methods

Animals and Drug Preparation

LBP was supplied by Yinchuan Taifeng Biological
Technology Co. Ltd. Rats were retrieved from the animal
center of Ningxia Medical University and all the exper-
iments were approved by the Institutional Animal Care
and Use Committee of Ningxia Medical University. The
healthy male SD rats (n = 90) weighing 180 to 230 g were
randomly divided into sham, model, small-dose LBP,
moderate-dose LBP, high-dose LBP, and nimodipine
groups, with 15 rats in each group. Nimodipine has been
widely used as a neuroprotective drug for ICH in clini-
cal practice.’ Studies confirm that nimodipine provides
neuroprotection by reducing cerebral edema'® and alle-
viating neuronal apoptosis.!” So, we chose nimodipine to
design a positive drug group. Preoperatively, the small-
dose LBP, moderate-dose LBP, and high-dose LBP groups
were given 50, 100, and 200 mg/kg LBP by gavage. Rats in
the nimodipine group were given 40 mg/kg nimodipine
by gavage. The sham and model groups were given the
same amount of saline instead, once daily.
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Intracerebral Hemorrhage Model

We compared the various production methods of ICH and
finally selected the second injection model.’® On this basis,
we increased the modeling methods of Zhou et al.’® Each
rat was anesthetized with chloral hydrate (38 mg/kg intra-
peritoneally) and placed in a stereotactic frame (Narishige
Instruments, Tokyo, Japan). A 30-gauge needle was intro-
duced through a burr hole into the caudate nucleus of the
left basal ganglia (3 mm lateral to midline, 0.6 mm posterior
to bregma, 5.8 mm below the surface of the skull). The rats
in the model, small-dose LBP, moderate-dose LBP, high-dose
LBP, and nimodipine groups were slowly injected with 60 pL
of autologous blood without anticoagulant twice (interval: 2
min), while those in the sham group received a 60 pL infu-
sion of saline without collagenase or heparin before surgery.
Five minutes after the injection, the needle was slowly with-
drawn. After the surgery, the burr hole was sealed with bone
wax. The wounds were closed with sutures after steriliza-
tion, and the animals were placed in warm boxes with free
access to food and water.

Rat Neurological Function Score

The neurological function of the rats was scored according to
Garcia et al's Neurological Deficit Scale.?’ Before modeling, the
preoperative neurological function of each rat was confirmed
as good by primary scoring. After modeling, the scoring was
repeated after the effect of the anesthesia wore off to exclude
the rats that failed the modeling (score > 12/death). The data
loss was compensated by the spare rats. Later, the accurate
neurological function scoring was performed at 4, 8, 12, 24,
and 48 hours after modeling by a single blind method (~Fig. 1).

Tissue Perfusion, Fixation, and Paraffin Sections

Chloral hydrate was intraperitoneally injected as an anes-
thesia (38 mg/kg) 48 hours after modeling, and 0.9% saline
(~150 mL) and 4% paraformaldehyde (~300 mL) were also
injected. The rats were killed by decapitation, and their
brains were taken out. Rhinencephalon, cerebellum, and
low brain stem were removed, and the brain tissue in front
or behind the needle was taken to prepare paraffin sections.
The brain tissue sections were further prepared to perform

—— Sham
—— ICH
—— LBP low-dose

LBP moderate-dose
—+— LBP high-dose
—— Nimodipine

Neurological score

T 7T T T
0 4 8 12 16 20 24 28 32 36 40 44 48

Observation time after ICH(Unit:h)

Fig. 1 Neurological function scores in each group. After modeling,
neurological function score was performed at 4, 8, 12, 24, and 48 hours.
The score of 18 at 0 hour indicated that the preoperative neurological
function was good, and different broken lines represented different
groups (n = 12). LBP, Lycium barbarum polysaccharides; ICH, intracerebral
hemorrhage.
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the terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) and immunohistochemical experiments.

Apoptosis Detection by TUNEL

TUNEL is the most sensitive, rapid, and specific method
used to detect apoptosis in situ.?! TUNEL kit (Roche) was
used to detect apoptosis. After dewaxing and hydration, the
paraffin sections were further incubated with proteinase K
for 20 minutes at room temperature. Then, TUNEL working
solution was added for another 60 minutes at 37°C, and
they were finally stained with 4’,6- diamidino-2-phenylin-
dole (DAPI). The results were observed and analyzed under
a fluorescence microscope (all the cell nucleus showed
blue fluorescence while apoptotic cells showed green flu-
orescence). In the ICH region, six views at high magnifi-
cation were randomly photographed to analyze positive
apoptosis rate and draw a histogram.

Immunohistochemistry

The tissue sections were placed in sodium citrate buffer
to perform antigen retrieval. Then, 3% H,0, was added for
10 minutes at room temperature and 10% BSAat37°C. Primary
antibody was added overnight at 4°C (B-cell lymphoma
2 [Bcl-2], 1:100; tumor necrosis factor alpha [TNF-«], 1:50;
Abcam) and secondary antibody (goat antirabbit immuno-
globulin G-horseradish peroxidase) for 20 minutes at 37°C.
DAB Color Developing Reagent Kit was used to detect the
antigen-antibody reaction. The sections were stained with
hematoxylin, blocked by neutral gum, and observed under a
microscope.

Western Blot Analysis

At 48 hours after ICH, the rats were killed by decapitation and
their brains were taken out. The hematocele was washed out
with cool saline, and the tissues around ICH (100 mg) were
taken to extract whole protein. The protein concentration
was detected by bicinchoninic acid, and the concentration
was adjusted to make the loading amount consistent. The
extracted whole protein was separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to polyvinylidene difluoride (PVDF) membrane.
After being blocked with 5% skimmed milk for 2 hours at
room temperature, primary antibody was added (rabbit anti-
rat Bcl-2, 1:500; mouse anti-rat TNF-a, 1:200, Abcam) over-
night at 4°C and Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) was used as internal reference. On the second day,
the membrane was washed three times with tris-buffered
saline (TBST) (5 minutes). Moreover, goat antirabbit/rab-
bit antimouse fluorescence secondary antibody (1:5000,
Proteintech) was added at room temperature for 1 hour.
Then, it was washed with TBST and scanned with Odyssey
infrared imaging system. The gray value was processed and
analyzed by Gelpro.?

Real-Time Quantitative PCR

At 48 hours after ICH, the rats were killed by decapitation;
their brains were taken out and stored at-80°C. The total RNA
was extracted with Trizol, and the OD was detected with an
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ultraviolet spectrophotometer at 260 and 280 nm to con-
firm the extracted RNA concentration and purification. The
extracted RNA was transcribed to cDNA, and the expression
levels of Bcl-2 and TNF-a were detected by real-time poly-
merase chain reaction (RT-PCR). The primer was designed,
and the reaction system was 25 puL: Maxima SYBR Green/ROX
gPCR Master Mix (2x) 12.5 pL, DNA template, rat Bcl-2/TNF-a/
GAPDH upstream and downstream primers, and water with-
out nuclease. The system was placed in precooled tubes, and
thermal cycle amplification was started after centrifugation:
pretreated for 2 minutes at 50°C, 1 cycle; predegeneration
for 2 minutes at 95°C, 1 cycle; degeneration for 10 minutes at
95°C, annealing for 30 seconds at 60 annealing, extending for
30 seconds at 72°C, 39 cycles. GAPDH was used as an inter-
nal reference and 2-AACt method? was used to quantitatively
analyze and draw box plots.

Statistical Analysis

The data were expressed as mean * standard error of mean.
The data with the homogeneity of variance and normal distri-
bution were analyzed by analysis of variance, while the data
with the heterogeneity of variance or non-normal distribu-
tion were analyzed by Kruskal-Wills H test. The comparison
was analyzed by SPSS 19.0. A p-value < 0.05 was considered
to be statistically significant.

Results

Influence of LBP on Rat Neurological Function Score
after ICH

The score of neurological function 4 hours after opera-
tion in each group was significantly lower than that before
the operation, suggesting that ICH modeling was success-
ful. Compared with the sham operation group, the scores
of neurological function in other groups were significantly
decreased (p <0.05), indicating that ICH caused deterio-
ration of neurological function. Within the first 24 hours
after ICH, the scores improved over time and stabilized at
9 hours afterward, suggesting that the injury caused by ICH
was difficult to heal or even irreparable. Compared with the
ICH group, the neurological function scores in the LBP (high,
medium, and low doses) and nimodipine groups were slightly
increased, but the difference was not statistically significant
(p >0.05). This could not prove that LBP and nimodipine
improved the function after ICH.

Apoptosis Detection by TUNEL

The results showed that fewer amounts of TUNEL positive
cells were seen in the sham operation group, and they
were distributed around the needle track. The positive
cells significantly increased in other groups; they were
mostly distributed in the bleeding region and surround-
ing brain tissues. Most TUNEL positive cells were nerve
cells, and the rest were glia cells and vascular endothe-
lium cells. Compared with the sham operation group, the
TUNEL positive cells in the ICH group were significantly
increased (p < 0.01), suggesting that mechanical stimulus
could cause nerve cells apoptosis that was more obvious
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in the ICH group. Compared with the ICH group, TUNEL
positive cell rates in the LBP groups and the nimodip-
ine group were significantly decreased. Among them,
the medium-dose LBP group was the most significant
(p <0.01 or p <0.05) (~Fig. 2).

Influence of LBP on TNF-a Expression

To study the influence of LBP on TNF-a expression in nerve
cells after ICH, western blot (WB), immunohistochemistry,
and RT-PCR were performed. The WB result showed that the
TNF-a expression level in rat brain tissues from the sham
operation group was very low, while that in the ICH group
was significantly increased (p < 0.01), suggesting that the
expression level was increased after ICH. Compared with the
ICH group, the expression levels of TNF-a were significantly
decreased in the LBP groups, especially in the medium-dose
LBP group (p <0.01 or p <0.05), indicating that LBP could
decrease TNF-a expression in brain tissues after ICH
(=Fig. 3). The immunohistochemistry result showed that
less TNF-a positive cells were observed around the needle
track in the sham operation group, but lots were observed
in the ICH group, mainly distributed in the bleeding region
and surrounding brain tissues. This suggests that mechan-
ical stimulus could induce TNF-a expression in nerve cells.

>
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The induction effect of ICH was stronger than that of sin-
gle surgery insertion (of the Sham operation). Compared
with ICH, the TNF-a positive cells in the LBP groups were
significantly decreased (p < 0.01), suggesting that LBP could
inhibit TNF-a expression in nerve cells (~Fig. 4). Finally,
RT-PCR was used to detect TNF-aa mRNA expression levels
in the bleeding region. Compared with the sham operation
group, the TNF-a mRNA expression level in the ICH group
was significantly increased (p < 0.01). Compared with the
ICH group, the levels in the LBP groups were significantly
decreased (p < 0.05 or p < 0.01), especially in the high-dose
LBP group (~Fig. 5A)

Influence of LBP on Bcl-2 Expression

To study the influence of LBP on Bcl-2 expression in nerve
cells after ICH, WB, immunohistochemistry, and RT-PCR
were also performed. WB result showed that Bcl-2 was
expressed in rat brain tissues from the sham operation
group, and the expression remained at the lower moder-
ate level. The level in the ICH group was significantly lower
than that in the sham operation group (p < 0.05), suggest-
ing that the expression was decreased after ICH. Compared
with the ICH group, the expression level in the low-dose LBP
group had no significant increase (p > 0.05), but that in the
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Fig. 3 Influence of LBP on TNF-a expression. (A) Western blot bands of TNF-a expression level; (B) TNF-a expression level in the bleeding region
and surrounding brain tissues 48 hours after ICH. Results are expressed as mean +SEM (n = 6). ++ p < 0.01, versus sham-operated group; #
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Fig. 4 TNF-a expression after ICH. (A): TNF-a expression. The ICH and photo regions were marked; (B1-B6) represented the expression of
TNF-a from the sham operation, ICH, low-dose LBP, medium-dose LBP, high-dose LBP, and nimodipine groups. x 200 (upper left), yellow arrow:
TNF-a positive cells; (C): TNF-a positive cells rates in ICH regions from each group. The results are expressed as mean £SEM (n = 6). ++ p < 0.01,

versus sham-operated group; ** p <0.01, versus ICH group. ICH, intracerebral hemorrhage; LBP, Lycium barbarum polysaccharides; SEM stan-
dard error of mean; TNF-a, tumor necrosis factor alpha.
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Fig. 5 TNF-a mRNA and Bcl-2 mRNA expression levels in brain tissues. (A) TNF-o mRNA expression in brain tissues 48 hours after ICH; (B) Bcl-2 mRNA
expression in brain tissues 48 hours after ICH. The data presented were compared with mRNA levels in sham-operated animals that were put at 100%.
Data are presented as box plots with median/minimal/maximal whiskers. + p < 0.05, ++ p < 0.01, versus sham-operated group; # p >0.05, * p <0.05,
** p<0.01 versus ICH group. Bcl-2, B-cell lymphoma 2; ICH, intracerebral hemorrhage; LBP, Lycium barbarum polysaccharides; mRNA, messenger

RNA; SEM standard error of mean; TNF-a, tumor necrosis factor alpha.

A B
- 1.0 LBP
n *k .
LBP &08' T
Shan ICH Low-dose Moderate-doseHigh-dose NIM o o
' e Sne -
Bcl-2 e | — 8
25KD wroely w5 04
o #
= 0.24 &
GAPDH - . o =
ATKD T e — — — 0.0 ; i ; : :
<
® \0\’\ 302 30%° »0° aw

\'f:c;ae"’\e o

Fig. 6 Influence of LBP on Bcl-2 expression. (A) Western blot bands on Bcl-2 expression level. (B) The Bcl-2 expression level in brain tissues in
the bleeding region 48 hours after ICH. The results are expressed as mean £SEM (n = 6). + p < 0.05, versus sham-operated group; # p > 0.05,
** p<0.01, versus ICH group. Bcl-2, B-cell lymphoma 2; ICH, intracerebral hemorrhage; LBP, Lycium barbarum polysaccharides; SEM standard

error of mean; TNF-a, tumor necrosis factor alpha.

medium- and high-dose LBP groups increased significantly,
suggesting that medium- and high-dose LBP could increase
the expression after ICH (~Fig. 6). The immunohistochem-
istry result indicated that Bcl-2 positive nerve cells were
observed in the surroundings of the bleeding region from
the ICH group, and the positive rate was approximately
20% (rate of positive cell number to total cell number under
high amplification view), which was significantly decreased
compared with the sham operation group (p < 0.05). It indi-
cated that the Bcl-2 expression in nerve cells was inhibited
after ICH. Compared with the ICH group, the positive nerve
cells (Bcl-2 expression) in the LBP groups were significantly

increased (p < 0.01). The possible reason might be that Bcl-2
expression in nerve cells was increased by LBP (absolute
increase), and the apoptosis of Bcl-2 expression in pos-
itive nerve cells was inhibited by LBP (relative increase)
(=Fig. 7). Finally, RT-PCR was used to detect Bcl-2 mRNA
expression levels in the bleeding region and surrounding
brain tissues. Compared with the sham operation group,
Bcl-2 mRNA expression level in the ICH group was signifi-
cantly decreased (p < 0.05). Compared with the ICH group,
the increases in the low- and high-dose LBP groups were
not significant (p > 0.05), but that in the medium-dose LBP
group was significant (p < 0.05) (~Fig. 5B).
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Fig. 7 Bcl-2 expression after ICH. (A) Bcl-2 expression. The ICH region and photo region were marked; (B1-B6) represent the expression of
Bcl-2 from the sham operation, ICH, low-dose LBP, medium-dose LBP, high-dose LBP and nimodipine groups. x 200 (upper left), yellow arrow:
Bcl-2 positive cells; (C) Bcl-2 positive cells rates in ICH regions from each group. The results are expressed as mean + SEM (n = 6). + p < 0.05,
versus sham-operated group; * p < 0.05, ** p < 0.01, versus ICH group. Bcl-2, B-cell lymphoma 2; ICH, intracerebral hemorrhage; LBP, Lycium
barbarum polysaccharides; SEM standard error of mean; TNF-a, tumor necrosis factor alpha.

Discussion

ICH is a cerebrovascular disease with a high morbidity,
and about one-third of the patients will show secondary
neurological function deficit within a period after onset.?®
The most intuitive performance is the changes in the neu-
rological function score. By observing and analyzing the
scores of neurological function at different time points
after ICH, we found that ICH severely damaged neurologi-
cal function, which could be significantly improved in the
first 24 hours. However, the condition remained stable
(plateau stage), meaning that ICH irreversibly injured the
rat and the intervention of LBP could not remit such injury.

Apoptosis plays a very important role in the secondary
injury of ICH.?? In our study, TUNEL analysis proved the exis-
tence of ICH secondary nerve cell apoptosis and the high occur-
rence rate in the ICH region and surrounding brain tissues that

Indian Journal of Neurosurgery Vol.9 No. 2/2020

agree with other experiments.?*?6 Also, our results confirmed
that LBP could inhibit ICH secondary neuronal apoptosis, and
this was more pronounced in the medium-dose LBP group.
LBP protects brain tissues by inhibiting ICH secondary neu-
ronal apoptosis. However, the apoptosis mechanism is very
complicated, involving multipathways, of which exogenous
and endogenous pathways are mostly studied.?”?®

Exogenous pathway is mainly triggered by death receptor,
and is also known as death receptor pathway. The death
receptor contains death domain. For example, Fas-associated
death domain can recruit and activate caspase-8, further
leading to the activation of downstream effector and finally,
apoptosis.?>3® TNF-«a is the main factor mediating apoptotic
exogenous pathway.®! Therefore, in our study, TNF-a was
chosen to investigate the possible mechanism of ICH second-
ary neuronal apoptosis inhibition by LBP.
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In the endogenous pathway, the activation of caspase-9
(upstream factor) can cause cytochrome C release from
mitochondrion,??*? further inducing a series of apoptosis in
the downstream. It is also called a mitochondrial pathway.
The antiapoptotic members of the Bcl-2 family, including Bcl-
2, can decrease apoptosis mainly by preventing mitochon-
drial outer membrane permeabilization,® or by specifically
blocking the morphologic features of apoptosis, including the
plasma membrane blebbing, DNA cleavage, and nuclear con-
densation.> The expression of Bcl-2 is maintained at relatively
high levels in sensory and sympathetic neurons in the adult
peripheral nervous system.>*3¢ Thus, Bcl-2 was also chosen to
explore the possible mechanisms of ICH secondary neuronal
apoptosis inhibition by LBP in this study.

We examined the influences of LBP on Bcl-2 and TNF-a
expression levels in brain tissues after ICH using three differ-
ent techniques. The WB result showed that TNF-a expression
level significantly decreased, while Bcl-2 expression level
significantly increased in the LBP group, suggesting that LBP
can greatly inhibit TNF-a expression (=Fig. 3) and promote
Bcl-2 expression (=~Fig. 6). The immunohistochemistry result
showed that TNF-a positive cell rate decreased, while that of
Bcl-2 increased in the LBP group, agreeing with the WB result.
Also, the RT-PCR result showed that Bcl-2 mRNA expression
level increased, while that of TNF-o« mRNA decreased in the
LBP group, further confirming that LBP promotes Bcl-2 and
inhibits TNF-a in the apoptotic pathway. However, the effect
of LBP did not correlate positively with LBP dose. Thus, fur-
ther investigation is required to determine the optimal LBP
dose.

Conclusion

It has been proven that although the application of LBP did not
significantly improve neurological function after ICH, it could
still inhibit rat ICH secondary neuronal apoptosis. From both
protein and gene levels, it was proved that LBP could influence
TNF-a and Bcl-2 expression after ICH. Furthermore, TNF-a and
Bcl-2 played important roles in exogenous and endogenous
pathways of apoptosis. Thus, we conclude that LBP can inhibit
ICH secondary neuronal apoptosis by interfering with the
exogenous and endogenous pathways of apoptosis. The mech-
anism of apoptosis is very complicated, and cytokines involved
interact with each other, forming a huge apoptotic pathway
network. Therefore, the detailed mechanism by which LBP
inhibits ICH secondary nerve cell apoptosis still needs further
exploration.
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