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Abstract
Intraventricular hemorrhage (IVH) is a disease with high disability and mortality rate and lacks speci�c
therapy, and which basic causes lies in the unclear mechanism. Recently, the pyroptosis in central
nervous system diseases has received more attention, which is closely related to traumatic brain injury
and hemorrhagic stroke. Furthermore, excessive endoplasmic reticulum stress can cause dysfunction of
endoplasmic reticulum and even cell pyroptosis by regulating NLRP3 pathway. However, the relationship
between pyroptosis and endoplasmic reticulum stress after IVH is unclear. In this study, we investigated
the role of endoplasmic reticulum stress and its relationship with pyroptosis in a mouse model of IVH.
Our results show that intracerebroventricular injection of autologous blood induced pyroptosis and
endoplasmic reticulum stress. The mechanism is that after IVH, the endoplasmic reticulum stress--NLRP3
in�ammatory body--pyroptosis pathway is activated, which results in brain tissue damage. This effect
can be reversed by the combination of TUG-891 and GPR120. In summary, we revealed that TUG-891
inhibits endoplasmic reticulum stress and reduces neuronal pyroptosis by activating GPR120, which
might be a therapeutic target for the treatment of IVH.

Introduction
Intraventricular hemorrhage (IVH), a common clinical critical disease, is divided into primary and
secondary intraventricular hemorrhage (Bhattathiri, Gregson et al. 2006, Rosen, Macdonald et al. 2007,
Hanley 2009). IVH has the following characteristics: high mortality, high disability rate(Hwang, Bruce et
al. 2012), and poor prognosis (Hemphill, Bonovich et al. 2001). However, the causes of the above
disastrous prognosis are complex and not fully understood in IVH. Recently, as an important factor of
neuropathy, nonapoptotic in�ammatory cell death has attracted more and more attention in traumatic
brain injury and hemorrhagic stroke (Chang, Lin et al. 2013, Tan, Tan et al. 2014, Sen 2019). Studies have
shown that the classical pyroptosis pathway, characterized by nucleotide-binding oligomerization
domain, leucine-rich repeat, and pyrin domain–containing protein 3 (NLRP3) in�ammasomes, plays an
important role in the occurrence, development and prognosis of hemorrhagic stroke(McKenzie, Dixit et al.
2020). In the classic pyroptosis way, activation of NLRP3 in�ammasome generate cleaved Caspase-1,
which also cleaves gasdermin D(GSDMD) to liberate the N domain of GSDMD(GSDMD-NT) (Ding, Wang
et al. 2016, Feng, Fox et al. 2018). The N-terminal of GSDMD locates on the cell membrane and
aggregates into pores (Galluzzi, Vitale et al. 2018). In addition, Caspase-1 cleaved pro-IL-1β and pro-IL-18
to form mature IL-1β and IL-18, which is secreted through the membrane pores to the outside of the
membrane, and then, in�ammation and apoptosis occur (Chen and Nuñez 2010, Franchi, Muñoz-Planillo
et al. 2012, Kayagaki, Stowe et al. 2015). Importantly, the inhibition of Caspase-1 by AC-YVAD-CMK (a
selective inhibitor of Caspase-1) reduces the brain injury induced by collagenase in ICH mouse model,
which proves the importance of pyroptosis in the mechanism of nervous system injury (Lin, Ye et al.
2018, Zhao, Chen et al. 2018).

It has been reported that activation of NLRP3 in�ammasome is related to misfolded protein aggregation
(Shi, Kouadir et al. 2015). Endoplasmic reticulum is an organelle responsible for protein assembly and
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folding in cells (Saibil 2013, Westrate, Lee et al. 2015). Under stress conditions, the endoplasmic
reticulum encounters the aggregation of misfolded and unfolded proteins, and then induces unfolded
protein response (UPR) and endoplasmic reticulum stress; Sustained or excessive endoplasmic reticulum
stress can lead to cell damage and even death (Kim, Xu et al. 2008). Endoplasmic reticulum stress
signals are mainly initiated by three effector proteins, the protein kinase RNA-like endoplasmic reticulum
kinase (PERK), inositol-requiring protein-1 (IRE1), and activating transcription factor-6 (ATF6) (Bernales,
Papa et al. 2006, Marciniak and Ron 2006). These three transmembrane protein sensors are responsible
for restoring internal environmental stability during UPR and are kept inactive by binding immunoglobulin
(BIP) (Schröder and Kaufman 2005, Ron and Walter 2007). However, during endoplasmic reticulum stress
or UPR, BIP separates from effector proteins, resulting in sequential activation of downstream proteins
(Mohammed Thangameeran, Tsai et al. 2020). Studies have con�rmed that endoplasmic reticulum stress
has the potential to induce pyroptosis in some models (Yang, Yao et al. 2014, Lebeaupin, Proics et al.
2015, Chen, Guo et al. 2019). However, there are few studies on endoplasmic reticulum stress and
pyroptosis in IVH.

In our study, we focused on the effect of inhibiting endoplasmic reticulum stress on nervous system
pyroptosis. TUG-891 is a novel, selectively synthesized GPR120 agonist, which has been used in various
studies (Schilperoort, van Dam et al. 2018, Senatorov and Moniri 2018, Wang, He et al. 2019, Huang, Guo
et al. 2020). After being activated by ligands, GPR120 plays a role in ameliorating in�ammation,
enhancing insulin sensitivity and changing lipid metabolism (Moniri 2016). The inhibitory effect of TUG-
891 on endoplasmic reticulum stress has also been con�rmed in other models (Huang, Guo et al. 2020).
Therefore, we hypothesized that TUG-891 can reduce neuronal pyroptosis by inhibiting endoplasmic
reticulum stress and play a neuroprotective role, aiming to provide a new strategy of the treatment for IVH
patients

Materials And Methods

Experiment animals
108 mice (C57BL/6, weighing 18-24g) were prepared for our experiments. They were bought from the
Laboratory Animal Center of Sichuan University. The mice were placed in animal rooms with aseptic,
tightly controlled temperature and humidity, 12h light / dark cycle, and could freely obtain food and water.
All animal protocols were approved by the Animal Care and Use Committee of Sichuan University.

Mouse model of IVH
Mice were accepted either sham surgery or IVH. The IVH model was built by autologous blood injection.
The mice were anesthetized with pentobarbital (40mg/kg intraperitoneally). The skin was cut along the
midline of the neck, the muscles were separated, and the skull top was exposed under sterile conditions
(use hydrogen peroxide disinfection). Then, the animal was positioned by a stereotaxic frame and a
needle (Hamilton, Switzerland) was inserted into the right lateral ventricle (coordinates: 2.5mm ventral,
1.0mm lateral and 0.5mm posterior to the bregma) through a drilled cranial hole(1mm). After that, the
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autologous blood was collected from the tail vein of mouse, and it was injected into the right ventricle at
a dose of 40ul at a rate of 5ul/min. The needles were left in place for 10min after the injection (Zhu, Gao
et al. 2022). In contrast, mice in the sham group only received scalp incision, skull perforation, and needle
insertion with no autologous blood injection. Mice were held in the facility at least 3 days before IVH
induction.

Drug Administration
TUG-891 was purchased from MCE. TUG-891 was dissolved in 10ml cosolvent composed of 10% DMSO,
40% PEG300, 5% Tween-80 and 45% saline. It was administered in the IVH + TUG-891 group by
intraperitoneal injection. The IVH + vehicle group was received an equal dose of the cosolvent.

Experimental design
In this study, all mice were randomly assigned to the following experiments (Fig. 1).

Experiment 1 To assess the expression of NLRP3, GSDMD, IL-1β, ASC and caspase-1 over time in the
hippocampus tissue of mice after IVH, we induced the IVH model mice and analyzed by western blots
after 18 hours, 36 hours, 54 hours and 72 hours later (n = 6). Based on the outcomes of western blots, we
used the most obvious time (72h) of neuronal pyroptosis in IVH model to the remainder of our study. To
explore the cellular localization of pyroptosis, immuno�uorescence staining was performed after IVH 24
hours and 72 hours (n = 6). GSDMD, IL-1β, NLRP3 and Caspase-1 were co-expressed with neuron-speci�c
nuclear proteins (NeuN). We also performed an immunohistochemical staining and obtain similar results.
Mice in control group was received sham surgery.

Experiment2 In order to evaluate whether endoplasmic reticulum stress occurs after IVH and the effect of
inhibitory endoplasmic reticulum stress of selective GPR120 agonist TUG-891, mice were randomly
divided into 4 groups (n = 6): sham surgery, IVH, IVH + vehicle, IVH + TUG-891. To evaluate the expression
of endoplasmic reticulum stress related proteins(CHOP, ATF-4, Bip, IRE1α) in hippocampal tissues,
western blot was performed 72 hours after IVH. We stained CHOP and ATF-4 in the periventricular area
and hippocampus by immuno�uorescence staining. The average number of positive cells
(400xmagni�cation) was counted (n = 3).

Experiment3 To assess the impact of GPR120 inhibition with 35mg/kg (Schilperoort, van Dam et al.
2018) TUG-891 on neuronal pyroptosis, we performed immuno�uorescence staining (n = 6) and western
blot (n = 6) 72 hours after IVH. We stained GSDMD and NLRP3 in the hippocampus regions by
immuno�uorescence staining. The average number of positive cells (400xmagni�cation) was counted (n 
= 3).

Experiment4 To evaluate the recent neuroprotective impact of TUG-891 on IVH model mice, we observed
and evaluated the motor function. We conducted Wire-hanging test to evaluate grip strength and
endurance in each mouse on 3 days post-IVH (Zhu, Gao et al. 2014, Zhu, Cao et al. 2017). We also
evaluate the neurological function of each mouse, including body symmetry, gait, climbing, circling
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behavior, forelimb symmetry, mandatory rotation test and whisker response (Zhu, Gao et al. 2022). The
score of each test is 0–4, with a maximum of 28 points.

Western blot analysis
Mice were euthanized after IVH (n = 6), and total proteins were harvested from the hippocampus in
radioimmunoprecipitation assay (RIPA) lysis buffer. We transferred the proteins to polyvinylidene �uoride
membranes (Millipore), which were blocked with 5% bovine serum albumin (BSA) for 1 hour at room
temperature and incubated overnight with following primary antibodies at 4℃:anti-bodies against
GSDMDC1(1:100; Santa Cruz, sc-395381), NLRP3(1:200; Santa Cruz, sc-134306), IL-1β(1:1000; Abcam,
ab254306), Cleaved Caspase-1(1:1000; Cell Sign Technology, 4199), ASC(1:1000; Cell Sign Technology,
67824), CHOP(1:1000; Cell Sign Technology, 2895), BIP(1:1000; Cell Sign Technology, 3177), ATF-
4(1:1000; Cell Sign Technology, 11815) and IRE1α(1:1000; proteintech, 27528). After that, the blots were
incubated with horseradish peroxidase (HRP)-conjugated secondary antibody for 1h at room temperature.
Finally, the results were quanti�ed by Image J (NIH, USA).

Measurement of Brain Water Content
As previously described (Chen, Gao et al. 2020), we used the wet/dry weight method to measure the brain
water content. After complete anesthesia with pentobarbital, the mice brains were quickly removed and
divided into cerebrum and cerebellum. Samples were weighed with an electronic analytical balance to
calculate the wet weight. To obtain the dry weight of samples, they were dried at 160℃ for 24 hours. We
use the following formula to calculate brain water content: [(wet weight-dry weight)/wet weight] × 100%.

Immunohistochemistry and immuno�uorescence analysis
Mice were sacri�ced at 24h or 72h after IVH induction. We prepared a series of 10 um �akes to perform
double immuno�uorescence staining and immunohistochemistry. For immunohistochemistry, mouse
brain tissue sections were incubated with mouse anti-GSDMDC1 (1:50, Santa Cruz) at 4 ℃ overnight. For
immuno�uorescence, brain tissue sections were incubated with anti-NeuN antibody, mouse anti-
GSDMDC1(1:50, Santa Cruz, sc-395381), mouse anti-NLRP3(1:50, Santa Cruz, sc-134306), mouse anti-
CHOP (1:400, Cell Sign Technology, 2895) and rabbit anti-ATF-4(1:200, Cell Sign Technology). After
washing with PBS for 3 times, the slices were incubated with corresponding secondary antibodies at
room temperature for 2 h. The �uorescence images of hippocampus were obtained under Olympus
�uorescence microscope. The positive cells were counted in 4 slides per mouse, and the date were
expressed as the ratio of positive cells.

Magnetic resonance imaging (MRI)
Mice were anaesthetized by using a 2% iso�urane-air mixture during MRI. MRI was performed a 7.0-Tesla
MR scanner (Bruker BioSpec 70/30 MRI) after injecting autologous blood. We select the following
parameters: �eld of view 35x35mm; matrix 256x256; layer thickness 1mm; echo time 2.5ms and
repetition time 100ms.

Neurological Function assessment
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As previously described, we used nerve function test and Wire-hanging test, which were blindly evaluated
by independent researchers. The Wire-hanging test was used to evaluate the grip strength, balance and
endurance of mice. Brie�y, the posterior limbs of the mouse were bound with tape, and the forelimbs were
hung on a 55cm iron wire 50 cm above the ground. A small pillow was used on the ground to prevent
falling. [31] The time each mouse stayed on the wire was recorded.

Nissl Staining
Nissl staining was performed to observe the degeneration of neurons in different areas of the ipsilateral
brain (such as hippocampus, perihematomal tissue around lateral ventricle, and normal brain tissue) of
mice. We prepared 10um frozen sections, which were dehydrated with 75% and 95% ethanol and washed
with distilled water for 5min. Then slices were cultured with Nissl staining solution at room temperature
for 20min, and then washed with distilled water for 5min. After dehydration with 75% and 95% ethanol,
the slices were added to xylene for 10min. We used a 200x microscope (company) to observe whether
there were degenerative neurons in hippocampal CA1 and CA3 regions.

Statistical analysis
Statistical analysis was conducted by using GraphPad Prism (San Diego, USA). Data was expressed as
mean ± SD. Statistical differences among different groups were analysed by using Student’s t-test. P-
value < 0.05 was considered statistically signi�cant.

Results

Weight decreased, ependyma cilia and hippocampus
damaged after IVH
The weight of mice in IVH group was lower than that in sham group at different time points (Fig. 2A).
Brain tissue sections and 7.0T MRI showed enlargement of the lateral ventricle after IVH (Fig. 2B, C). Nissl
staining showed that the number of surviving neurons decreased in IVH group compared with sham
group (Fig. 2D). HE staining revealed the ventricle was enlarged, choroid plexus was damaged,
ependymal cilia were destroyed in lateral ventricle region, and cell body atrophy, nuclear edge aggregation
in hippocampus in IVH group (Fig. 2E). The immunohistochemical results showed that the expression of
GSDMD in IVH group was signi�cantly higher than that in sham group, which showed that IVH induced
the activation of GSDMD, and promoted the occurrence of pyroptosis (Fig. 2F).

Temporal expression of pyroptosis proteins and spatial
expression of GSDMD and NLRP3
The expression of GSDMD, ASC, NLRP3, Caspase-1 and IL-1β at 18h, 36h, 54h and 72h post-IVH in the
right hemispheres were evaluated by western blot. The results showed that the expression of all �ve
proteins in IVH group increased compared with sham group, and most proteins reached the peak at 72
hours (Fig. 3, A-F). Double immuno�uorescence staining showed that GSDMD and NLRP3 co-localized
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with neurons, and the number of GSDMD and NLRP3 positive neurons in hippocampus 72h post-IVH
group was signi�cantly higher than that in sham group and 24h post -IVH group (Fig. 3, G-J). Based on
our experimental results, 72h post-IVH group was identi�ed as the time node of IVH.

TUG-891 alleviates neuronal endoplasmic reticulum stress
after IVH
Western blot was performed among sham, IVH + TUG-891, IVH + DMOS and IVH groups at 72h post-IVH.
The results showed that the expression of endoplasmic reticulum stress proteins increased in IVH group,
which could be suppressed by TUG-891(Fig. 4, A-E). Double immuno�uorescence staining showed that
endoplasmic reticulum stress was activated in IVH group, while TUG-891 could inhibit it. (Fig. 4, F-I)

The effects of TUG-891 on neuronal pyroptosis after IVH
Western blot was performed among sham, IVH + TUG-891, IVH + DMOS and IVH groups at 72h post-IVH.
The results showed that the expression of pyrolytic proteins was suppressed by TUG-891 (Fig. 5, A-F).
Furthermore, double immuno�uorescence staining showed that the number of NLRP3 and GSDMD
positive neurons decreased, which also con�rmed that TUG-891 could inhibit neuronal pyroptosis. (Fig. 5,
G-J)

TUG-891 alleviates neuromotor dysfunction after IVH
We measured the weight changes of mice between different groups, we found that TUG-891 could not
reverse weight loss in mice after IVH (Fig. 6A). Brain wet and dry weights were measured, and the degree
of brain edema was observed (n = 6). Compared with sham group, IVH caused striatal edema. The water
content of striatum in IVH + TUG-891 group was signi�cantly lower than that in IVH group (Fig. 6B). We
performed neurologic de�cits assessment and wire-hanging tests on sham group, IVH + TUG-891 group,
IVH + DMSO group and IVH group. The results showed that TUG-891 signi�cantly reversed the
neurological de�cit of IVH mice and mice in the TUG-891 groups persisted longer on the wire than that in
the IVH groups (Fig. 6C, D). Furthermore, there was no signi�cant difference between IVH + DMSO group
and IVH group. This is consistent with the aforementioned �ndings that TUG-891 can inhibit neuronal
pyroptosis.

Discussion
In this study, we established IVH model by intracerebroventricular injection of autologous blood, and used
TUG-891 to inhibit endoplasmic reticulum stress in order to reduce pyroptosis and protect brain tissue.
The experimental results are as follows: (1) IVH activates BIP, ATF-4, CHOP and IRE-1α and induces
endoplasmic reticulum stress in mouse neurons. (2) GSDMD and NLRP3 were co-expressed with NeuN
neurons after IVH. (3) Endoplasmic reticulum stress inhibitor TUG-891 can reduce neuronal pyroptosis
and produce neuroprotective effect. (4) The inhibition of endoplasmic reticulum stress by TUG-891 may
depend on the inhibition of BIP abscission. (5) There might be an interaction between endoplasmic
reticulum stress and pyroptosis induced by IVH. These results con�rm our hypothesis. We found that
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TUG-891 can inhibit the up regulation of BIP, ATF-4 and IRE-1 induced by IVH, and then inhibit the
activation of GSDMD, NLRP3 and classical pyrolytic pathway proteins. Moreover, the inhibition of
pyroptosis by TUG-891 also ameliorate the impaired motor function of IVH mice. Therefore, our results
show that TUG-891 can inhibit neuronal pyroptosis by inhibiting ASC / Caspase-1 / NLRP3 / GSDMD
pathway.

Pyroptosis, a gasdermin-mediated programmed necrosis, is characterized by impaired plasma membrane
integrity and release of intercellular contents (especially in�ammatory factors) (Shi, Gao et al. 2017).
Recent studies show that GSDMD is the main effector protein of pyroptosis and N-terminal fragment of
GSDMD form the pyroptotic pore (He, Wan et al. 2015, Sborgi, Rühl et al. 2016). NLRP3 in�ammasome is
composed of sensor protein NLRP3, adaptor-protein apoptosis-related spot-like protein ASC, and effector
protein pro-caspase-1 (Mangan, Olhava et al. 2018). The activation of NLRP3 in�ammasome leads to the
activation of GSDMD and the secretion of in�ammatory cytokines IL-18 and IL-1 β. Studies have reported
that treatment with speci�c NLRP3 inhibitor CY-09 can reverse the pyroptosis induced by rTREM-1 (Xu,
Hong et al. 2021). GPR120, also known as free fatty acid receptor 4, is involved in the metabolism of
long-chain free fatty acids. It has been proved to inhibit in�ammation and apoptosis in many models
(Schilperoort, van Dam et al. 2018, Wang, He et al. 2019, Huang, Guo et al. 2020). To our knowledge, it is
the �rst time to link endoplasmic reticulum stress and pyroptosis in IVH model, and also the �rst time to
evaluate the therapeutic effect of GPR120 in IVH model.

Therefore, in this study, we analyzed the expression of pyroptosis related factors after IVH �rst. Compared
with sham group, the expression of ASC IL-1β and caspase-1 in mouse neurons was signi�cantly higher
after inducing mouse IVH model. Immuno�uorescence staining also showed that the number of positive
neurons of NLRP3 and GSDMD was signi�cantly higher, which con�rmed the occurrence of pyroptosis
after IVH. Due to the high expression of NLRP3, we speculated that there may be differential expression
of endoplasmic reticulum stress signal pathway closely related to NLRP3. Our subsequent experiments
found that endoplasmic reticulum stress-related proteins were abnormally expressed in IVH, indicating
that the occurrence of pyroptosis in IVH was caused by endoplasmic reticulum stress. To con�rm our
hypothesis, we treated mice with TUG-891, an agonist of endoplasmic reticulum stress. The results
showed that the combination of TUG-891 and GPR120 started the corresponding signal pathway, which
signi�cantly reduced the endoplasmic reticulum stress of mouse neurons. Then the corresponding
NLRP3 related protein was down regulated, resulting in the reduction of pyroptosis and the protection of
neuron.

Endoplasmic reticulum stress has been veri�ed in a variety of neurological diseases (Binet, Mawambo et
al. 2013, Di Prisco, Huang et al. 2014, Zhang, Jansen-West et al. 2014). Inhibiting endoplasmic reticulum
stress may be bene�cial to these patients. Endoplasmic reticulum stress can be caused by unfolded
proteins in endoplasmic reticulum, which results in UPR. UPR consists of three typical pathways.
Generally, it has two functions, promoting hemostasis or apoptosis (Huang, Guo et al. 2020). In our study,
we found that when GPR120 activated by TUG-891, it can signi�cantly inhibit endoplasmic reticulum
stress, which is manifested in the reduction of ATF-4, chop, IRE1 and the inhibition of BIP abscission.
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Therefore, we believe that the protective effect of activating GPR120 on the nervous system is through
the inhibition of endoplasmic reticulum stress.

Studies have shown that intracerebral hemorrhage (ICH) can induce UPR and interfere with the folding of
normal proteins, which induces endoplasmic reticulum stress (Niu, Dai et al. 2017). To alleviate
endoplasmic reticulum stress, the effector of endoplasmic reticulum stress proteins can prevent
endoplasmic reticulum protein synthesis and increase the transcription of effective protein folding genes
(Schönthal 2012). The key role of cell death signaling pathway mediated by endoplasmic reticulum
stress in neurodegenerative diseases has become the main research �eld (Kim, Xu et al. 2008). However,
there are few studies on endoplasmic reticulum stress after IVH. We clari�ed that the impairment of
neuromotor function in mice after IVH is related to neuronal pyroptosis caused by endoplasmic reticulum
stress activation. The improvement of motor function in mice by inhibiting endoplasmic reticulum stress
suggests that it might be an effective target for the treatment of IVH. 

Previous studies have shown that TUG-891 can inhibit endoplasmic reticulum stress and reduce acute
kidney injury caused by cisplatin (Huang, Guo et al. 2020). It has been proven that TUG-891 can inhibit
in�ammation and apoptosis in cerebral ischemia injury and other different disease models (Oh, Talukdar
et al. 2010, Ren, Chen et al. 2019). Our results show that TUG-891 can inhibit neuronal pyroptosis and
play a neuroprotective role in the mouse IVH model, which may be related to the inhibition of
endoplasmic reticulum stress by TUG-891. We also found that the CHOP pathway activated by
endoplasmic reticulum stress can induce apoptosis and pyroptosis after IVH. Moreover, ASC, which is a
pyroptotic marker, can also regulate p53-Bcl2-associated X protein (Bax) related mitochondrial apoptosis
pathway by binding Bax mitochondrial apoptosis pathway by interacting with Bax (Ohtsuka, Ryu et al.
2004). Based on the above conclusions, we infer that there might have some crosstalk between
apoptosis and pyroptosis, which might be closely related to endoplasmic reticulum stress. Nevertheless,
the relationship between them is still unclear, and further research is needed to explore their correlation,
which will help to �nd new targets for IVH drug therapy.

There are some limitations in the study. Firstly, we only focused on the neurological injury and recovery
function in the acute stage of IVH, and did not observe the potential changes at the long-term time point
after IVH; Secondly, we only showed the results of pharmacological inhibition of pyroptosis, which was
not veri�ed in gene knockout mice (such as GSDMD -/- or NLRP3 -/-). More accurate results should be
obtained through gene inhibition. In addition, another major limitation of this experiment is that it has not
explored the speci�c mechanism of endoplasmic reticulum stress caused by IVH. These problems will be
discussed in future research. 

In summary, the study demonstrated that GPR120 agonist TUG-891 reduces the release of in�ammatory
mediators by reducing endoplasmic reticulum stress and pyroptosis of neurons, which exerts a
neuroprotective effect after IVH in mice. (Figure 7)

Conclusion
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This study con�rmed that IVH model can be successfully established by autologous blood injection; IVH
induced neuronal pyroptosis and endoplasmic reticulum stress. The mechanism is that the endoplasmic
reticulum stress--NLRP3--pyroptosis signal pathway is activated after IVH, which induces brain injury.
This effect can be reversed by the combination of TUG-891 and GPR120. Therefore, GPR120 might be a
therapeutic target for the treatment of IVH.
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Figures

Figure 1

Experimental design and animal groups. WB: western blot; IHC: immunohistochemistry; IF:
immuno�uorescence
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Figure 2

General observation between sham group and IVH group. (A) Changes of body weight with time in IVH
group and sham group. (B) Typical appearance of IVH group in coronal incision of mouse brain
compared with sham group. (C) MRI showed typical image of IVH in coronal plane of mouse brain
compared with sham group. Typical Nissl-stained (D) and HE-stained (E) images of the hippocampal DG,
CA1 and CA3 regions from IVH group and sham group. Bar = 200um (LV) or 100um (DG, CA1, CA2, CA3)
(F) Representative images of immunohistochemistry staining of GSDMD in hippocampal DG, CA1, CA2
and CA3 regions. Bar = 100um. Data shown are individual values with mean ± SD, n = 6, statistical
differences between groups were analyzed by Student’s t-test. **p < 0.01 vs. sham
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Figure 3

Expression of pyrolytic proteins after IVH. (A) Typical western blot bands of the time-dependent
expression of pyrolytic proteins from the ipsilateral hemisphere after IVH. (B-F) Statistical analysis of
pyrolytic proteins in different time groups. n=6. (G) Representative immuno�uorescence staining images
of NeuN (red) and NLRP3 (green) in hippocampal DG region. Nuclei were stained with DAPI (blue). Bar =
30 um. (H) Statistical analysis of NLRP3 positive neurons in different groups. (I) Representative
immuno�uorescence staining images of NeuN (red) and GSDMD (green) in hippocampal DG region.
Nuclei were stained with DAPI (blue). Bar = 30 um. (J) Statistical analysis of GSDMD positive neurons in
different groups. Data shown are individual values with mean ± SD, n = 6, statistical differences between
groups were analyzed by Student’s t-test. *p < 0.05, ***p<0.001.
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Figure 4

Expression of endoplasmic reticulum stress proteins after IVH and the effects of TUG-891 (TUG) after
IVH. (A) Typical western blot bands of the endoplasmic reticulum stress proteins from the ipsilateral
hemisphere after IVH. (B-E) Statistical analysis of pyrolytic proteins in different groups. n=6. (F)
Representative immuno�uorescence staining images of NeuN (green) and ATF-4 (red) in hippocampal DG
region. Nuclei were stained with DAPI (blue). Bar = 30 um. (G) Statistical analysis of ATF-4 positive
neurons in different groups. (H) Representative immuno�uorescence staining images of NeuN (red) and
CHOP (green) in hippocampal DG region. Nuclei were stained with DAPI (blue). Bar = 30 um. (I) Statistical
analysis of CHOP positive neurons in different groups. Data shown are individual values with mean ± SD,
n = 6, statistical differences between groups were analyzed by Student’s t-test. *p < 0.05, ***p<0.001.
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Figure 5

The inhibitory effects of TUG-891 on pyroptosis. (A) Typical western blot bands of the pyrolytic proteins
from the ipsilateral hemisphere after IVH. (B-F) Statistical analysis of pyrolytic proteins in different
groups. n=6. (G) Representative immuno�uorescence staining images of NeuN (red) and GSDMD (green)
in hippocampal DG region. Nuclei were stained with DAPI (blue). Bar = 30 um. (H) Statistical analysis of
GSDMD positive neurons in different groups. (I) Representative immuno�uorescence staining images of
NeuN (red) and NLRP3 (green) in hippocampal DG region. Nuclei were stained with DAPI (blue). Bar = 30
um. (J) Statistical analysis of GSDMD positive neurons in different groups. Data shown are individual
values with mean ± SD, n = 6, statistical differences between groups were analyzed by Student’s t-test.
**p < 0.01, ***p<0.001.
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Figure 6

The effects of TUG-891 on body weight, striatum water count and Neurobehavioral outcomes after ICH.
(A) Changes of body weight in each group at 18h, 36h, 54h and 72h. (B) TUG-891 treatment reduced
striatum water content in comparison with the IVH group (n = 6). (C) Results of neurological function
score in different groups. (D) Results of wire hanging test in different groups. Data shown are individual
values with mean ± SD, n = 6, statistical differences between groups were analyzed by Student’s t-test.
**p < 0.01 vs. sham, *p<0.05, ***p<0.01.

Figure 7

The main signal pathway of the study. We injected autologous blood in the ventricle to induce
endoplasmic reticulum stress and neuronal pyroptosis in the hippocampus. When we treated mice with
TUG-891, the ATF-4-CHOP and IRE-1α pathways of endoplasmic reticulum stress were inhibited. TUG-891
could also reduce neuronal pyroptosis induced by IVH. 


