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Abstract: Stroke is a devastating disease, intracerebral hemorrhage (ICH) is a devastating
subtype. This study aimed to investigate whether cholinergic receptors participate in the process
of Angong Niuhuang pill (ANP) improving neurological function and relieving intestinal
injury in ICH mice. The mice were treated with ANP, cholinergic receptor blockers, atropine
(ATR), penehyclidine hydrochloride (PHC) or methyllycaconitine (MLA). Male CD-1 mice
were randomly divided into 9 groups, Sham, ICH, ANP (0.2 g/kg), ANP plus ATR, ANP plus
PHC, ANP plus MLA, ATR, PHC, MLA. ICH model is made by collagenase VII injection
(0.075 U). ANP (0.2 g/kg) was administered by gavage after 30 min of ICH. MLA, ATR,
PHC was given at 15 min after ICH. Neurological function was evaluated by Garcia test.
Intestinal injury was observed by histological analysis. Endotoxin (ET) was measured by
enzyme-linked immunosorbent assay. Compared to the Sham group, the score of Garcia test in
the ICH significantly decreased. ANP increased significantly the score of ICH mice. ANP also
ameliorated the intestinal injury caused by ICH. Cholinergic receptor blockers reversed partially
the improvement of neurological function and intestinal injury by ANP. ANP attenuates the
neurological deficits and intestinal injury in ICH mice and the protective effect of ANP may be
involved in the regulation of the cholinergic system.

Keywords: Angong Niuhuang pill, intracerebral hemorrhage, neurological function, intestinal
injury, cholinergic receptors

1 Introduction

Stroke is a devastating disease all over the world. It is often accompanied by high morbidity,
mortality and disability rates [1]. According to the systematic analysis for the global burden,
stroke is the leading causes of death in China in 2017 [2]. Stroke consists hemorrhagic and
ischemic stroke [3]. Intracerebral hemorrhage (ICH) is the most devastating subtype of stroke,
consists about 10%-15% of stroke [4]. ICH cause high rate of mortality and mortality.

ICH led to inflammation, cognitive dysfunction, peripheral organ injury, which lower the
quality of patients’ life [5—8]. Clinical studies have shown that inflammation is closely related
to a poor prognosis of cerebral hemorrhage [9]. Systemic inflammation is companied with
stroke and stroke also causes intestinal injury. Stress response after ICH leads to gastrointestinal
ischemia and hypoxia and therefore causes the destruction of intestinal mucosa. Thereby,
endotoxin (ET), intestinal bacteria, and endogenous substances enter the blood, resulting in
inflammatory damage. Inflammatory mediators of circulation enter the brain to aggravate the
central nervous system injury [10].

Previous work showed that stroke will lead to autonomic nerve dysfunction, which manifests
as sympathetic nervous system excitation and parasympathetic nervous system inhibition [11].
Some experiments show that 3 receptor blocker may exert a neuroprotection in ICH patients
by inhibiting sympathetic nervous system [12]. Vagus nerve is a part of parasympathetic
nervous system. Stimulation of vagus nerve attenuates the secretion of tumor necrosis factor-a
(TNF-«) from macrophage and inhibits the response of systemic inflammation [13]. It reported
that a7 nicotinic acetylcholine receptor (o7 nAChR) plays an essential role in the process of
anti-inflammation of vagus nerve stimulation [14].

There are different cholinergic receptor blockers, such as atropine (ATR) [15], penehyclidine
hydrochloride (PHC) and methyllycaconitine (MLA). ATR is a non-selective antagonist of
muscarinic receptors [16,17]. PHC is an antagonist of M; and M3 receptor and it is manufactured
in China. MLA is a selective antagonist of a7 nAChR.
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Angong Niuhuang pill (ANP) is a famous traditional Chinese medicine which is used for the
treatment of coma after stroke. In China, ANP was employed as adjuvant therapy for treating
acute cerebral infarction and acute ICH [18-20]. ICH is often accompanied with intestinal
mucosal injury and intestinal permeability increase. However, the role of the parasympathetic
nervous system in the effects of ANP on ICH remains unclear and needs to be studied.

2 Material and methods

2.1 Drugs and reagents

Angong Niuhuang pill (Batch number: 19013256) was purchased from Beijing Tongrentang
Co., LTD. PHC (Batch number: 190802) was purchased from Chengdu Lystra Pharmaceutical
Co. Ltd. ATR (Batch number: 1902251) was from Tianjin Jinyao Pharmaceutical Co. LTD.
MLA (Batch number: 22) was purchased from Tocris Bioscience/R&D Systems. Mouse
endotoxin enzyme-linked immunosorbent assay (ELISA) kits (Product number: ml002005)
were from Shanghai Mlbio Biotechnology Co., Ltd.

2.2 Animals and experimental design

Male CD-1 mice (body weight 30 to 35 g) were purchased from Jinan Pengyue company
(Jinan, China). Animals were kept in 21 to 25°C on 12 light-dark cycle. Animals can get food
and water freely.

The experiments were performed according to the guidelines for the use of experimental
animals of Yantai University, and were approved by the Ethics Committee of Yantai University.

The mice were randomly divided into 9 groups (n = 8§ in each group): Sham, ICH, ANP (0.2
g/kg), ANP plus ATR, ANP plus PHC, ANP plus MLA, ATR, PHC, MLA. The daily dose of
ANP in human is 3 g/day. Previous study from our laboratory demonstrated that ANP protected
the neurologic function and reduced the intestinal injury in ICH mice [21]. In our pilot study,
ANP at dose of 0.2 g/kg showed the best effect of neuroprotection. ATR was administered
subcutaneously at a dose of 1 mg/kg. MLA was given intraperitoneally at a dose of 6 mg/kg.
PHC was administered intramuscularly at a dose of 1 mg/kg. ATR, MLA and PHC was given at
15 min after ICH. The mice were treated with ANP by gavage at 0.5 h after ICH.

2.3 ICH model

Mice were anesthetized by intraperitoneal injection with ketamine (80 mg/kg) and xylazine
(5 mg/kg). ICH model is made by infusing 0.075 U of collagenase in right striatum according
to previous report [22]. The midline of the scalp was cut. The skull and anterior fontanelle
were exposed. The mice were placed in a stereotactic frame. The coordinates of the anterior
fontanelle were recorded. A cranial hole with a diameter of 1 mm was drilled at the position
with coordinates (x-2.2 mm, y-0.2 mm). A needle was inserted into 3.5 mm of the right
striatum. Collagenase (0.075 U in 0.5 uL phosphate buffered solution) was infused with a 10
L microsyringe at a speed of 0.167 pL/min. The needle was kept for 5 min after injection and
then the needle was pulled out within 5 min at a constant speed. The hole was sealed with bone
wax. Sham group were performed with the same operation except 0.5 uL phosphate buffered
solution was infused into the right striatum.

2.4 Evaluation of neurological function

The modified Garcia test was used to evaluate the neurological function of mice [23]. It
contains seven different aspects: spontaneous activity in cage, response to vibrissae touch,
response to sides of the abdomen’s touch, symmetry of limbs, symmetry of movements, lateral
turning, climbing ability. The highest score for each test is 3, while the lowest score is 0. The
total score of modified Garcia test is 21.

2.5 Histological analysis of intestinal tissues

At 24 h of ICH, the animals were anesthetized by ketamine (80 mg/kg) and xylazine (5
mg/kg). The intestines were harvested and then they were fixed in 4% paraformaldehyde for 12
h. The tissues were embedded in paraffin wax and were cut into 5 pm thick sections followed
by hematoxylin and eosin staining. The images were taken with a microscope by an observer
who is blinded to the experimental group.
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2.6 Determination of the levels of ET

Blood samples were obtained from the anesthetized mice. The blood was placed at room
temperature for 30 min and centrifuged at 3500 rpm for 15 min at 4°C. According to the
instruction of the company, the levels of ET was assayed with ELISA Kits.

2.7 Statistical analysis

All data were expressed as mean + S.D. SPSS 23.0 software was used for data analysis.
Significance differences were assessed with one-way ANOVA with the Bonferroni post hoc test
for multiple z-tests. P value of < 0.05 was considered statistically significant.

3 Results

3.1 ATR,PHC and MLA affect the effect of ANP on neurological
function in ICH mice

Neurological function was evaluated at 24 h after ICH. As shown in Figure 1, compared
with sham group, the neurological function of ICH was significantly decreased (P < 0.01).
ANP significantly improved the neurological function of ICH mice (P < 0.01). No effect was
observed when ATR was given to ICH mice (P > 0.05). When ANP and ATR were administered
simultaneously, the protective effect of ANP on the neurological function function was abated.
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Figure 1 ATR affects the effect of ANP on neurological function in ICH mice. Data are expressed as
means=SD; n = 8 in each group. **P < 0.01 compared with sham group. ##P < 0.01 compared with [CH
group; ¥&P < 0.01 compared with ANP group
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Figure 2 PHC affects the effect of ANP on neurological function in ICH mice. Data are expressed as

meansSD; n = 8 in each group; ** P < 0.01 compared with sham group; ##P < 0.01 compared with ICH
group; ¥&P < 0.01 compared with ANP group

As shown in Figure 2, compared with sham group, the neurological function of ICH was
significantly decreased (P < 0.01). ANP can significantly enhanced the neurological function
of ICH mice (P < 0.01). No effect was observed when PHC was given to ICH mice alone (P >
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Figure 3 MLA affect the effect of ANP on neurological function in ICH mice. Data are expressed as
means SD; n = 8 in each group; ** P < 0.01 compared with sham group; ## P < 0.01 compared with
ICH group; %% P < 0.01 compared with ANP group

Figure 4 ATR, PHC and MLA affect the effect of ANP on intestinal injury in ICH mice. Tissues of
intestine were stained with HE. (a) Sham group; (b) ICH group; (c) ANP group; (d) ANP+ATR group; (e)
ANP + PHC group; (f) ANP 4+ MLA group; (g) ATR group; (h) PHC group; (i) MLA group. (n =3 in each
group, magnification, 400 )

10
8 * %
=) && & g
E 64
: é u
=
B4 ##E @E
A 1
O —F—7——T7 T T T T T 7
PR IFL XL
%er-& TS FPEEy
Qé %
Sl

Figure 5 Effects of ANP, ATR, PHC and MLA on ET level in serum. Data are expressed as means+SD;
n =6 in each group; **P < 0.01 compared with Sham group; ## P < 0.01 compared with ICH group; ¥P
< 0.05, &&p < 0.01 compared with ANP group
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0.05). When ANP and PHC were given to ICH mice simultaneously, the protective effect of
ANP on the neurological function of ICH mice was abrogated.

As shown in Figure 3, compared with sham group, the neurological function of ICH was
significantly decreased (P < 0.01). ANP significantly improved the neurological function of
ICH mice (P < 0.01). No effect was observed when MLA was given to ICH mice alone (P
>0.05). When ANP and MLA were given to ICH mice simultaneously, the protective effect of
ANP on the neurological function of ICH mice was abated.

3.2 ATR, PHC and MLA affect the effect of ANP on intestinal
injury in ICH mice

According Figure 4, histopathological examination showed that morphology of the intestinal
mucosa was intact in the sham group. The epithelial cells at the top of the intestinal villi in
the ICH group were exfoliated and necrotic. ANP reduced the ICH-induced intestinal injury.
Compared with ICH group, ATR, PHC and MLA have no influence on intestine injury. However,
ATR, PHC or MLA partially abrogated the ANP-mediated protective effect in the intestine of
ICH mice.

3.3 Effects of ANP, ATR, PHC and MLA on ET level in serum

According to Figure 5, the ET concentration in serum was higher in the ICH group than that
in sham group (P < 0.01). This increase was significantly reduced by ANP administration (P
< 0.01). When given ATR, PHC or MLA, the concentration of ET did not show significant
changes compared with ICH group (P > 0.05). When given ATR, PHC or MLA with ANP, the
ANP-mediated decrease of ET was partially abrogated (P < 0.05).

4 Discussion and conclusions

Stroke is a stress, which leads to dysfunction of the nervous system. Stroke-induced inhibition
in parasympathetic nervous system is always companied by intestine injury [24]. Stanley
and colleagues reported that microbes in host small intestine play a key role in the post-
stroke infection [25]. The gastrointestinal function is important for multiple organ dysfunction
syndrome in stroke patients. The relationship between intestinal protection and neurological
function remains to be further studied.

ANP, a Traditional Chinese Medicine, has been widely used in China to treat fever, coma,
stupor, hemorrhage, and so on. Clinical researches use ANP as an adjuvant therapy in stroke
patients, which has proven to improve neurological function and to shorten coma time [20].
Previous study shows that ANP has a protective effect on neurological function and intestine
tissue. This study investigates whether parasympathetic nerve is involved in the process of ANP
action. ICH can cause neurological dysfunction and intestinal injury in mice [26]. Previous
study of our laboratory showed that ANP improved neurological dysfunction in ICH. Intestinal
injury also can be alleviated by ANP treatment [21]. Stroke causes a stress response in the body,
and the parasympathetic nervous system is suppressed. It is still not clear whether ANP can
regulate the parasympathetic nervous system and thus exerts a protective effect on ICH.

The intestinal function of ICH has attracted much attention because the intestine is the central
organ of stress in the body. It also plays an important role in the formation of multi-organ
dysfunction syndrome [27]. The results showed that the intestinal mucosa of the ICH mice
had changes of villous structure, and some villous epithelial cells were denatured and necrosed.
Under the stress of ICH, blood flow is redistributed. Gastrointestinal blood flow is reduced and
ischemia occurs, which directly causes intestinal mucosal cell atrophy, shedding and necrosis.

It is well known that parasympathetic system is governed by acetylcholine. Acetylcholine
receptors contain muscarinic (M) receptors and nicotinic (N) receptors. M receptors have five
subtypes, M1-Ms. They are widely distributed in central and peripheral nervous system [28,29].
M, receptor are widely distributed in heart [29]. The expression of M; and M3 receptors is
higher than My in intestine [30].

ATR is a non-selective M receptor antagonist. ATR blocks peripheral and central M choliner-
gic receptors [31]. A large dose of ATR excites central nervous system, and the increase of the
ATR dose will produce central poisoning symptoms or even death. ATR inhibited the motor
function of the small intestine [31]. The present results indicated that intestinal tissue of ICH
mice was damaged. Using ATR alone does not affect intestinal tissue damage in mice. ANP
attenuates intestinal tissue damage in ICH mice. ATR weaken the protective effect of ANP on
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the intestinal tissue of ICH mice. It suggested that ATR may reduce the protective effect of ANP
on the intestinal tissue of ICH mice by blocking M receptor.

PHC is a selective M1, M3 and N receptor antagonist [33]. It has anti-cholinergic effect
on the central and peripheral nerves, and less side effects to cardiovascular system. PHC did
not affect the motor function of the small intestine [32]. PHC not only blocks N; receptor in
nerves centralis, but also blocks M3 receptor in small intestinal to relax small intestinal smooth
muscles. PHC blocks parasympathetic excitation caused by the release of acetylcholine. The
M3 receptor is widely distributed in the small intestine. When the M3 receptor is inhibited, the
movement of the small intestine slows down, causing small intestinal damage. As can be seen
from these experimental results, the intestinal tissue of ICH mice was injured. Using PHC alone
did not affect intestinal tissue damage in mice. ANP improved intestinal tissue damage in I[CH
mice. The effect of ANP on intestinal tissue protection in ICH mice was partially abated. These
results suggest that PHC can reduce the protective effect of ANP on the intestine in ICH mice
by blocking the M3 receptor.

MLA is an acetylcholine 7 nicotinic receptor (a7 nAChR) antagonist. a7 nAChR plays a
key role in inhibiting cytokine synthesis through the cholinergic anti-inflammatory pathway
(CAP) [14]. Activation of the endogenous CAP leads to an increased release of acetylcholine
(Ach) from the vagus nerve. Ach binds to specific receptors on the surface of macrophages and
exerts its anti-inflammatory effect by inhibiting the release of inflammatory mediators. Previous
study demonstrates that Ach reduces the release of tumor necrosis factor, interleukin (IL-1,
IL-6, and IL-18) in LPS-stimulated human macrophage culture [13]. In this study, using MLA
alone did not affect intestinal tissue damage in ICH mice. ANP ameliorated the intestinal tissue
damage in ICH mice. MLA abrogated the protective effect of ANP on the intestinal tissue in
ICH mice. These results suggest that MLA may reduce the protective effect of ANP on intestine
tissues in ICH mice by blocking peripheral CAP receptor. N receptor (especially a7 nAChR)
might participate in the protective effect of ANP on neurological function and intestinal injury
in ICH mice.

In brief, it is reasonable to conclude that ANP has protective effect on neurological function
and intestinal tissues in ICH mice, and its mechanism may be related to the regulation of M3
receptor and the N receptor. Parasympathetic nerve system is involved in the protective effect of
ANP on neurological function and intestinal tissues in ICH mice.

The concentrations of ET in plasma is an important index of intestinal dysfunction. When
intestine is damaged, ET enter the bloodstream, causing further damage to intestinal function. In
other word, increasing concentrations of ET indicate severe intestinal barrier dysfunction [34].
The concentration of ET in the blood can reflect the permeability of intestinal mucosa and the
function of intestinal mucosal barrier. Intestinal microbes-derived ET is an important internal
factor in central nervous inflammation. It is a potent activator of the immune and inflammatory
systems, which leads to the increase of TNF-a concentration [35]. Macrophages and epithelial
cells, produce TNF-a during bacterial infection or ET stimulation. It initiates inflammatory
response by promoting the release of other inflammatory factors and cytokines [36]. Research
shows that ET can induced neuroinflammation and neurological disorder [37]. The concentration
of ET in the blood of the ICH mice is significantly increased. ANP can reduce the concentration
of ET in the blood. ATR, MLA and PHC administration alone did not affect the ET content.
However, ATR, MLA and PHC can abate the ANP-mediated changes of ET in the blood of
ICH mice. Based on the findings in our study, we speculate that the protection of ANP on
neurological function in ICH mice may be associated with the change of ET concentration in
circulation.

According to these results, M and N receptor blockers abrogate the protective effect of ANP
on neurological function and intestinal injury in ICH mice. M3 and N receptor (especially o7
nAChR blocker) may participate in the protective effect of ANP in ICH mice. Therefore, we
conclude that ANP improves the neurological function and protects the intestinal tissue in ICH
mice by regulating the parasympathetic nerve system. However, it should be noted that whether
ANP exerts its action by regulating the levels of transmitters or the expression of cholinergic
receptors is still unclear. Future study should focus on investigating the content mentioned
above.
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