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A B S T R A C T   

Galectins-8 (Gal-8), the tandem repeat sequences of the galectin family, can influence the path-
ophysiologic processes in neurological disorders. However, its effect on intracerebral hemorrhage 
and related mechanisms remains nebulous. Using collagenase VII-S-induced ICH in the left 
striatum of mice, we investigated the effects of Gal-8 on cellular and molecular immune in-
flammatory responses in hemorrhagic brain and evaluated the severity of short- and long-term 
brain injury. Our results showed that activated microglia in the periphery of hematoma in 
mice with intracerebral hemorrhage expressed Gal-8, while Gal-8 could regulate the expression of 
cytokines, such as HMGB-1 (P = 0.0032), TNF-α (P = 0.0158), and IL-10 (P = 0.0379). Inhibition 
of the glucose-binding activity of Gal-8 by thiogalactoside (TDG) significantly reduced the volume 
of cerebral hematoma (P = 0.0241) and hydrocephalus (P = 0.0112) during the acute phase of 
cerebral hemorrhage and improved the long-term prognosis. TDG can reduce acute-phase brain 
tissue injury and improve the prognosis by inhibiting the activation of immune-inflammatory 
cells in the periphery of hematoma and reducing the release of pro-inflammatory factors.   

1. Introduction 

Intracerebral hemorrhage (ICH) is a neurological disorder with high morbidity and mortality, accounting for 15 % of all strokes [1], 
with an incidence of 12–15/100,000 person-years, often accompanied by severe neurological deficits and a poor prognosis [2]. For the 
therapeutic aspects of acute cerebral hemorrhage, although early surgical removal has the potential effect to reduce brain tissue 
damage by relieving local ischemia or removing toxic chemicals, Class I evidence from clinical trials failed to show the significantly 
improved prognosis [3]. Current therapies for ICH focus on hindering the expansion of the hemorrhage, reducing clot volume in 
intracerebral and parenchymal hematomas, and targeting perihematomal edema and inflammation [4]. 

There was a study evaluating the predictive marker in patients with internal carotid disease [5]. 
Galactose lectins (Galectins), a family of mammalian lectins structured as carbohydrate-containing ligand molecules, are consid-

ered as potential modulators of brain microglia polarization, immune surveillance, neuro-inflammation, and neuroprotection, and are 
key regulators of immune responses in the brain [6], associated with various physiological and pathological conditions. Galectin-8 
(Gal-8), a member of the galectin family of tandem repeat sequences, influences pathophysiologic processes in multiple sclerosis, 
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primary lateral sclerosis, and Alzheimer’s disease by modulating microglia activity in these diseases [7–9]. Gal-8 is expressed in both 
tumors [10] and normal tissues [11], intracranially, predominantly in the hippocampus, choroid plexus, and cerebrospinal fluid and is 
localized in microglia [7,11,12]. Thiogalactoside (TDG) inhibits Gal-8 sugar-binding ability [13], which is thought to have 
anti-inflammatory effects. 

Gal-8 localizes to microglia, and increased expression of Gal-8 in brain tissue of patients with multiple sclerosis in the active phase 
is accompanied by an increase in the number of activated microglia [12,14]. As a major component of the innate immune system, 
microglia are rapidly activated after ICH in response to acute brain injury [15,16]. Activated microglia play a dual role in the path-
ophysiology of ICH. They express and secrete inflammatory factors, reactive oxygen species and toxic molecules that cause further 
brain tissue damage, blood-brain barrier disruption, and brain edema [17–19]. On the other hand, they secrete anti-inflammatory 
factors that modulate and promote brain tissue repair and hematoma clearance [20]. Therefore, anti-inflammatory strategies tar-
geting microglia may have a potential therapeutic effect on ICH and improve neurological outcomes post ICH. However, data on the 
role of Gal-8 in ICH remain limited. 

In this study, we investigated the potential role of Gal-8 in ICH. We hypothesize that the elevated expression of Gal-8 in the brain 
after ICH promotes microglia activation, which in turn affects the pathophysiological process of cerebral hemorrhage and regulates 
neurological prognosis. In addition, we evaluated residual lesion volume, myelin loss, and brain atrophy on day 28 and neurological 
deficits on days 1, 3, 7, 14, 21, and 28 after cerebral hemorrhage. 

2. Materials and methods 

2.1. Study animals 

SPF-grade male C57BL/6 mice (10–12 months old, weighing 25–30 g) were purchased from the Experimental Animal Center of 
Zhengzhou University and housed in an SPF-grade animal house at our hospital, temperature maintained at 26 ◦C Celsius, ad libitum 
diet and water, and artificial circadian rhythm. The experimental protocols were approved by the Ethics Committee and all operations 
were performed in accordance with the rules and regulations established by the Animal Ethics Committee. All efforts made are aimed 
at minimizing the suffering of the mice. Animal experiments were also performed according to the ARRIVE guidelines. 

2.2. Intracerebral hemorrhage mouse model 

The ICH model was established by injection of collagenase into the left striatum of mice [21]. The surgery was performed using 3 % 
isoflurane inhalation anesthesia. Mice were fixed to the mouse stereotaxic apparatus using an ear bar. The left caudate nucleus was 
injected with 0.075 U of type VII collagenase using stereotactic injection. The caudate nucleus was positioned 0.6 mm anterior to 
bregma and 2.0 mm to the left, with a depth of 3.2 mm. Neurological function evaluation was performed by applying the modified 
neurological deficit score (NDS) 24 h following ICH model establishment [22]. In the experiment, NDS scores below 10 or above 18 on 
the first day post ICH were excluded. Mice with unsuccessful modeling were euthanized using intraperitoneal injection of an overdose 
of 0.3 % sodium pentobarbital. 

2.3. Treatment regimens and experimental groups 

The expression of Gal-8 at the site of cerebral hematoma and its effects on immune cell activation and infiltration, brain injury 
severity, and long-term neurological function following ICH was investigated. 

The mice were randomly assigned into the following four groups with computer-generated random numbers: vehicle treated sham 
group, TDG treated sham group, vehicle treated ICH group and TDG treated ICH group. TDG powder was dissolved in ddH2O and 
diluted to a solution of 1 mg/ml and injected intraperitoneally at a dose of 5 mg/kg 2 h post-surgery, every other day [13,23]. Mice 
were treated with the same volume of salt injection vector in 5 % DMSO. 

2.4. Tissue processing, the volume of brain lesion, swelling, and atrophy 

On day 1 and day 28 post ICH, mice were anesthetized with 0.3 % sodium pentobarbital (30 mg/kg) followed by transcardial 
perfusion with PBS and 4 % paraformaldehyde (PFA). Brain tissues were collected and placed in 4 % paraformaldehyde solution in 4 ◦C 
refrigerator overnight. Brain tissues were then transferred to 20 % sucrose solution for 24 h and 30 % sucrose solution for 48 h. The 
brain tissue completely sank to the bottom of the tube lumen, embedding with an embedding agent. Brain tissue was divided into one 
50 μm section and twelve 30 μm sections from the level of the olfactory bulb to the visual cortex for a total of 10 cycles using a frozen 
sectioning machine. Brain tissue sections (50 μm) were stained with Luxol fastblue (LFB) for myelin and Cresyl Violet (CV) for nerves to 
measure brain injury volume, white matter damage, brain swelling, and atrophy, meanwhile 30 μm brain tissue sections were stored in 
antifreeze solution and used for immunofluorescence staining and FJB staining. 

Brain injury volumes were measured on day 1 or day 28 following ICH using Image Analyisis software on LFB/CV stained 50 μm 
sections (n = 10/group for day 1 and n = 4/group for day 28). The area of brain tissue not stained with LFB/CV is the site of brain 
injury. The specific formula is as follows: brain hemorrhage volume/residual lesion volume = sum of hemorrhage area at each level ×
slice thickness [24]. 

Brain swelling was measured on the first day following ICH (n = 10/group). Volumes were measured in the ipsilateral and 
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contralateral hemispheres using Image Analyisis software. The degree of brain swelling was calculated as: (volume of the cerebral 
hemisphere on the hemorrhagic side – volume of the contralateral cerebral hemisphere)/volume on the hemorrhagic side × 100 % [25, 
26]. 

The degree of brain atrophy was calculated on day 28 after ICH (n = 10/group), which was consistent with the measurement of the 
degree of brain swelling. The degree of cerebral atrophy was calculated as: (volume of the contralateral cerebral hemisphere – volume 
of the hemorrhagic side of the cerebral hemisphere)/volume of the hemorrhagic side × 100 % [24,26]. 

2.5. Brain water content 

The mice in each group were successfully modeled and anesthetized with 0.3 % pentobarbital sodium intraperitoneally at 24 h. The 
mice were euthanized via cervical dislocation, and the brain tissue was divided into the ipsilateral cerebral hemisphere, the contra-
lateral cerebral hemisphere, and the cerebellum and weighed immediately with an electronic molecular balance, which was the wet 
weight (WW). The tissues were then baked in a 100 ◦C oven for at least 24 h until the weight remained constant and weigh again to 
obtain the dry weight (DW). The brain tissue water content was then calculated according to the Eliot formula: brain water content 
(BWC)––(WW – DW)/WW × 100 % [24,27]. 

2.6. Evaluation of neurological deficits 

Neurological function was assessed in mice on day 1, 3, 7, 14, 21, and 28 (n = 12/group) using a modified NDS score and a corner 
test. The NDS score was divided into 6 items, namely body symmetry, gait, climbing test, spontaneous turning behavior, mandatory 
turning, and forelimb symmetry. Each test was scored on a scale of 0–4, with 0 being no neurological deficit and 4 representing the 
most severe neurological deficit. 

The corner test is an asymmetric behavioral test used to evaluate rodents after ICH [28]. Mice typically exhibit good turning defects 
within 24 h of injury, turning asymmetry has not fully recovered, and this persists for up to 4 weeks. The mice were placed in a 30 ◦C 
corner and rotated to the left or right by placing one or both front paws on the wall as they moved their bodies from side to side. Fifteen 
consecutive trials were performed at 30s intervals. The percentage of left turns for each mouse was used as the corner test score. 

2.7. Immunofluorescence double staining of paraffin sections 

Brain tissue was placed in a 4 % PFA solution for 24 h, rinsed with tap water for 24 h, and sequentially subjected to gradient 
dehydration and clearing, wax dipping, embedding, and making paraffin sections. Paraffin sections of each brain tissue were selected 
at a similar level, deparaffinized to water, and placed in 1 × citric acid antigen repair solution for antigen repair. Then, 5 % BSA 50 μl 
was added dropwise into the water-blocking ring and closed for 30 min at room temperature. Next, 30 μl Gal-8 antibody (1:50, 
AB69631, Abcam) was added dropwise on the slide and incubated overnight at 4 ◦C in the refrigerator protected from light. On the 
following day, 50 μl of the corresponding 488 (1:1,000, 016-540-084, Jackson) was added dropwise to the water-blocking ring after 
gently shaking the slide and incubated for 60 min at room temperature in the dark. Using the same steps, the tissue was also incubated 
with Iba-1 antibody (1:1000; 019–19741, Dako) and cy3 antibody (1:1,000, Jackson). Finally, 4′,6-Diamidino-2-phenylindole dihy-
drochloride (DAPI) staining solution was added dropwise and incubated for 3–5 min at room temperature away from light, followed by 
neutral dendrimer sealing. 

2.8. Frozen section immunofluorescence 

Four brain slices of similar dimensions were selected for each brain tissue specimen and immunofluorescence staining was per-
formed (n = 6/group). The steps were as follows: brain tissue sections were rinsed in 1 × PBS buffer, 0.1 % phosphate Tween (PBST) 
buffer, and 0.3 % PBST buffer 3 times, 5 min each time. Brain slices were blocked in 5 % donkey serum solution and incubated at room 
temperature for 1 h, and incubated with primary antibody overnight at 4 ◦C. The primary antibodies used were rabbit anti-glial 
fibrillary acid protein (GFAP, Astrocyte marker, 1:200; 16825-1-AP, Proteintech), rabbit anti-ionized calcium-binding adapter 
molecule 1 (Iba-1, microglial/macrophage maker, 1:1000; 019–19741, Dako), rabbit anti-myeloperoxidase (MPO, neutrophil maker, 
1:150; ab9535, Abcam). Tissues were rinsed 3 times with 0.3 % PBST buffer solution for 5 min each time, then incubated with sec-
ondary antibody (anti-rabbit Cy3,1:1000, Jackson; anti-rabbit 488, 1:1,000, 016-540-084, Jackson) for 1 h at room temperature in the 
dark. After the final rinse with 0.3 % PBST buffer solution 3 times, the nuclei were stained with 1–2 drops of 5 % DAPI staining solution 
and observed under the microscope and photographed (Zeiss, AXIO OBSERVER 3). 

2.9. Fluoro-Jade B staining (FJB) 

FJB staining was used to detect degenerative neurons around the hematoma 24 h post ICH (n = 6/group). Three brain slices of 
similar level were selected for each mouse, FJB staining and photographic observation under a fluorescent microscope (wave-length 
450–490 nm) were used to quantify the degenerating neurons in the same manner as the measurement of immune-inflammatory cells. 
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2.10. Western blotting 

The hemorrhagic lateral brain tissue was rapidly separated and placed in liquid nitrogen (n = 4/group). The brain tissue on the 
hemorrhagic side was lysed by the cell lysate (20 μl of protease inhibitor, 10 μl of phosphatase inhibitor A, 10 μl of phosphatase in-
hibitor B, and 10 μl of phenylmethanesulfonyl fluoride (PMSF) per 1 ml of RIPA lysate) and total protein was extracted. Protein 
concentration was determined using the BCA method. The protein samples were heated at 100 ◦C for 10 min. The same amount of 
protein was transferred to PVDF membranes following electrophoresis, separation gels of 10 % and 12 % were prepared according to 
the molecular weight of the tested proteins. PVDF membranes were blocked with 5 % skim milk for 1 h at room temperature and 
incubated overnight at 4 ◦C with primary mouse antibodies against TNF-α (1:1,000, 60291 Proteintech), IL-10 (1:1,000, 60269, 
Proteintech) and rabbit antibodies, HMGB-1 (1:1000; 10829, Proteintech) and TGF-β1 (1:3,000, 21898, Proteintech). On the following 

Fig. 1. Increased expression of Gal-8 within 24 h of ICH. A, Localization of Gal-8 expression in microglia surrounding hematoma in mice with 
cerebral hemorrhage. Iba-1 (red), Gal-8 (green) (n = 5/group, Scale bar = 50um). B, Representative Western blot of Gal-8 at different time points 
post ICH; GAPDH was used as the loading control. Scattergrams showing the quantitative analysis of Gal-8 expression at different time points 
following ICH. Densitometric quantification suggested that the increased expression of Gal-8 appeared 6 h after ICH, peaked at 12 h (P = 0.0058), 
and lasted until 24 h (P = 0.0424); n = 5/group. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web 
version of this article.) 
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Fig. 2. TDG treatment reduced neutrophil infiltration and microglia activation but had no significant effect on the number of FJB-positive cells and 
astrocytic activation on day 1 post ICH. (A, C, E, G) Representative images of immunofluorescence staining for Iba-1 (C), GFAP (A), and MPO (E) in 
the perihematomal region on day 1. Scale bar = 100um. (B, D, F, H) Bar graphs showing the quantitative analysis of Iba-1- (F), GFAP- (G), MPO- (H), 
and FJB- (I) positive cells. n = 6/group. Iba1, ionized calcium-binding adapter molecule 1; GFAP, glial fibrillary acid protein; MPO, myeloper-
oxidase; FJB, Fluoro-Jade B. 
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day, the membranes were incubated with secondary antibodies (HRP-labeled goat anti-rabbit, 1:3000; 511203, ZEN BIO, HRP-labeled 
goat anti-mouse, 1:3000; 511103, ZEN BIO) for 2 h at room temperature, and rinsed with Tris-Buffered Saline with Tween 20 (TBST). 
ECL ultrasensitive luminescent solution was used for (BMU102-CU, SuperKine ™) exposure development. 

2.11. White matter damage and myelin loss 

White matter damage was quantified using 30 μm sections on day 28 post ICH (n = 12/group), which were stained in advance with 
LFB. Three different stained sections and four sites per section were selected in each mouse and photographed under a light microscope 
at the same exposure level to visualize myelin. Image J software was used to count the sum of the white matter areas in each region, 
divide it by the total area of the image, and obtain the percentage of white matter. 

2.12. Statistical analysis 

GraphPad Prism 9.5.1 and SPSS 26.0 software was used to analyze and plot all experimental data. Data were presented as mean ±
standard error (mean ± SEM). Comparisons between groups were analyzed using Student’s t-test or one-way ANOVA for normally 
distributed continuous variables. When ANOVA showed significant differences, post hoc Bonferroni test was used for pairwise com-
parisons. Between-group comparisons of repeated measures over time was performed using two-way ANOVA (two-way ANOVA). 
Statistical significance was set at P < 0.05. 

3. Results 

3.1. Gal-8 expression increased around the hematoma and localized to activated microglia following ICH 

The brain tissues were paraffin embedded after 4 % PFA fixation and selected Iba-1 as a microglia surface marker (red) and Gal-8 
(green) for immunofluorescence double staining, and the nuclei were stained with DAPI (blue). The morphology of microglia in the 
brain tissue of mice in the vehicle-treated sham-operated was highly branched, while the morphology of microglia around the he-
matoma in the vehicle-treated ICH group of mice changed from a branching shape to an amoeboid shape with increased cell volume 
and shorter or absent protrusions, which is the activated morphology of microglia. There was no Gal-8 expression around the he-
matoma in the vehicle-treated sham-operated group mice, and Gal-8 expression was significantly increased in the peripheral region of 
the hematoma in the vehicle-treated ICH group mice and co-localized with activated microglia (Fig. 1A). 

Brain tissue proteins were taken from ICH model mice and the protein expression of Gal-8 at the hematoma site at different time 

Fig. 3. TDG treatment decreased brain swelling on day 1 post ICH. (A) Representative brain sections stained with LFB/CV on day 1 post ICH. Black 
curves circle areas of lesions lacking staining. Scale bar = 1 mm. (B) On day 1 post ICH, TDG treatment did not decrease the water content of the 
ipsilateral striatum. n = 6/group. (C) Brain damage volume was measured in LFB/CV-stained brain sections. TDG treatment did not reduce brain 
injury volume compared with the vehicle-treated group on day 1 post ICH. n = 6/group. (D) TDG treatment decreased brain swelling on day 1 post 
ICH. n = 6/group. Data are expressed as mean ± SD. Ipsi, ipsilateral; Contra, contralateral. 
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points (6, 12, and 24 h, and days 3, 7, and 14) was detected using Western blot. The increased expression of Gal-8 appeared at 6 h post 
ICH, peaked at 12 h (P = 0.0058), and lasted until 24 h (P = 0.0424), as shown in Fig. 1B and C (n = 5/group). Protein expression at the 
remaining time points was also elevated compared with the vehicle treated sham-operated group, although the differences were not 
statistically significant. 

TDG inhibited neutrophil infiltration and microglia activation but had no significant effect on the activation of degenerating 
neurons and astrocytes. 

GFAP was selected as a surface marker for astrocytes and Iba-1 as a surface marker for microglia. Based on the morphological 
characteristics of activated microglia, the number of activated microglia around the hematoma was significantly lower in the TDG 
treated ICH group compared with the vehicle treated ICH group treated on day 1 after ICH (n = 6/group, P= 0.0244, Fig. 2C and D). 
However, based on the strong immune-reactivity of GFAP and the morphological characteristics of reactive astrocytes, there was no 
significant difference in the number of astrocytes between the TDG treated ICH group and the vehicle treated ICH group (n = 6/group, 
P = 0.2728, Fig. 2A and B). 

MPO was chosen as the surface marker of neutrophils and found that the number of neutrophils around the hematoma was 
significantly lower in the ICH group treated with TDG compared with mice in the ICH group treated with vehicle on 1 day after ICH (n 
= 6/group, P = 0.0230, Fig. 2E and F). 

Brain tissue sections was subjected to FJB staining to visualize the degenerated neurons around the hematoma following ICH. It was 
found that mice in the TDG treated ICH group did not have a significantly lower number of degenerated neurons compared with those 
in the vehicle treated ICH group (n = 6/group, P = 0.1892, Fig. 2G and H). 

3.2. TDG treatment decreased brain swelling and brain lesion volume but did not affect edema post ICH 

LFB/CV staining was performed on day 1 following ICH to determine the effect of Gal-8 on brain injury volume and swelling. The 
missing, unstained part of the brain tissue is the area of brain damage (Fig. 3A). Brain swelling measured as a percentage of hemi-
spheric enlargement, it showed that on day 1 after ICH, TDG treatment significantly reduced brain swelling compared to the vehicle 
treated ICH group (Fig. 3B, n = 10/group, P = 0.0135). Further analysis also indicated that the TDG treatment also significantly 
reduced the volume of brain damage compared to the vehicle treated ICH group (Fig. 3C, n = 10/group, P = 0.2423). However, neither 
ICH nor TDG influenced the water content in the ipsilateral striatum, contralateral striatum and cerebellum on day 1 after surgery 
(Fig. 3D, n = 5/group P values for the ipsilateral striatum, contralateral striatum and cerebellum were 0.133 and 0.065, respectively). 

Fig. 4. TDG attenuated cerebral white matter damage at day 28 post ICH. (A) Representative images of brain sections stained with LFB/CV on day 
28. The areas of the lesions are indicated in circled with the black curve; scale bar = 1 mm. (B) LFB-stained myelin from brain sections in the 
perihematomal region on day 28. Scale bar = 1 mm. (C, D) Brain damage volume and degree of atrophy were measured in LFB/CV-stained brain 
sections. Bar graphs show the quantitative analysis of residual lesion volume (C) and brain atrophy (D). (E) Quantitative analysis of white matter 
damage. Treatment with TDG reduced the loss of LFB-stained myelin in the perihematomal region. n = 10/group. 
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Fig. 5. TDG treatment improved long-term neurologic deficits after ICH. (A) Compared with the ICH group treated with vehicle, TDG treatment 
improved neurologic function evaluated with neurological deficit scores (NDS) in mice on day 28. (B) Treatment with TDG reduced the rate of left- 
turning on day 21 of cerebral hemorrhage. (C–H) Neurological deficit scores for individual tests on days 1, 3, 7, 14, 21, and 28. n = 10/group. *P <
0.05, **P < 0.01, ****P < 0.0001. 
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TDG treatment significantly reduced white matter damage, but had no significant effect on residual lesion volume or brain atrophy 
on day 28 after ICH. 

The volume of residual lesions, brain atrophy, and white matter damage on day 28 following ICH were measured (Fig. 4A and B). 
Brain tissue sections from mice treated with TDG or vehicle on day 28 following ICH were selected for LFB/CV staining. TDG 
significantly reduced white matter damage around the peri-residual lesions compared to the vehicle treated ICH group (n = 10/group, 
P = 0.0444) on day 28 following ICH. However, no significant effect on residual lesions and brain atrophy was observed (P = 0.3028 
for residual lesions, P = 0.4470 for brain atrophy, n = 4/group) (Fig. 4C, D, E). 

3.3. TDG treatment improved the long-term neurologic function of ICH 

The NDS scores of mice in the vehicle or TDG treated ICH group were the highest on day 1 post ICH and gradually decreased. While 
the TDG treatment had lower NDS than the vehicle treated ICH group on day 28 post ICH (P = 0.0374 on day 28, n = 10/group, 
Fig. 5A). The test results for the individual scoring indicators are as follows (Fig. 5). Front limb symmetry on days 3, 28, and 
compulsory circling on day 28 were significantly lower in the TDG treated ICH group compared with those of the vehicle-treated group 
following ICH (P = 0.0129 for front limb symmetry on day 3, P = 0.0018 for front limb symmetry on day 28, P < 0.0001 for compulsory 
circling on day 28, n = 10/group, Fig. 5G and H). The corner turn test score is quantified by the left turn rate. TDG treatment 

Fig. 6. Gal-8 promoted cytokine production. (A) ELISA kits were used to detect relative concentration levels of inflammatory factors HMGB-1, TNF- 
α, IL-10, and TGF-β in peripheral blood. TDG treatment reduced peripheral blood concentrations of HMGB-1 and TNF-α. n = 5/group. (B) 
Representative Western blot bands of proinflammatory factor HMGB-1, TNF-α, IL-10, and TGF-β; GAPDH was used as the loading control. (C) Bar 
graphs showing the expression of HMGB-1, TNF-α, IL-10, and TGF-β at 24 h post ICH. Densitometric quantification suggested that TDG treatment 
significantly decreased the levels of HMGB-1, TNF-α, and IL-10 levels and reduced TGF-β levels; however, it did not reach statistical significance. *P 
< 0.05. 
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significantly reduced the rate of left turn in mice on day 21 post ICH (P = 0.0443, n = 10/group, Fig. 5B). There were no significant 
differences of body symmetry, galt, climbing and circling between TDG treated ICH group and vehicle-treated ICH group. (P > 0.05, n 
= 10/group, Fig. 5C–F). 

3.4. TDG reduced the expression of pro-inflammatory factors 

The levels of inflammatory factors in peripheral serum were significantly higher after ICH compared with the sham-operated group 
(n = 5/group, P = 0.0054 for HMGB-1, P = 0.0005 for TNF-α, P = 0.028 for IL-10) (Fig. 6A and B). Mice in the ICH group treated with 
TDG possessed lower levels of HMGB-1 and TNF-α in peripheral serum compared with those in the vehicle treated ICH group (n = 5/ 
group, P = 0.0313 for HMGB-1, P = 0.0387 for TNF-α). However, there was no significant difference in the concentration levels of IL- 
10 and TGF-β in peripheral blood serum between the mice in the ICH group treated with vehicle or TDG (n = 5/group, P = 0.2991 for 
IL-10, P = 0.0517 for TGF-β) (Fig. 6A and B). 

The measurement in brain tissue were similar to those of the expression of inflammatory factors in peripheral serum. TDG 
treatment significantly reduced the expression of HMGB-1, TNF-α, and IL-10 at the hematoma site compared with the vehicle treated 
ICH group (n = 5/group, TNF-α: P = 0.0065, HMGB-1: P = 0.0238, IL-10: P = 0.0468). However, IL-10 expression was not statistically 
significant, although it decreased to some extent (Fig. 6C). 

4. Discussion 

It was found that Gal-8 is expressed in brain tissue, and is involved in acquired and innate immune responses in the central nervous 
system [29]. However, data on how Gal-8 functions against cerebral hemorrhagic disease remain limited. Based on histomorphometric 
observations, we found that TDG inhibited the sugar-binding activity of Gal-8 and significantly reduced the volume of cerebral he-
matoma and the degree of brain swelling. It suggests that Gal-8 exerts neurotoxic effects after cerebral hemorrhage and aggravates 
secondary brain damage of cerebral hemorrhage to some extent. 

A study of brain tissue from multiple sclerosis patients in active and remission reported that Gal-8 expression was increased in brain 
tissue in the active phase compared with the chronic phase and was positively correlated with the number of activated microglia [14]. 
From this, we can speculate that Gal-8 expression and microglia activation are closely linked. Microglia, as resident cells within the 
central nervous system and play an important role in the immune inflammatory response after cerebral hemorrhage. Microglia 
activated after brain hemorrhage evokes innate immune responses and promotes the production of inflammatory mediators when 
danger signals are perceived [30,31]. Microglia activation can drive neuro-inflammation, oxidative stress, and cytotoxic cascade 
responses leading to cell death and dysfunction [32]. Gal-8 is secreted and expressed by vascular endothelial cells and platelets [14,33, 
34]. It have been showed that Gal-8 was mainly localized in microglia [12]. The number of activated microglia in the peripheral region 
of the hematoma revealed that the number of activated microglia in the peripheral region of the hematoma decreased following the 
inhibition of the sugar-binding activity of Gal-8, thus confirming, even more, that Gal-8 promotes the activation of microglia [12]. 

Interactions between microglia and astrocytes and neutrophils jointly regulate the immune inflammatory response following ce-
rebral hemorrhage [35]. In vitro and in vivo assays have shown that microglia activation releases IL-1α, TNF-α, and complement 
component subunit 1q (C1q) to induce A1-type reactive astrocyte production [36,37]. In addition, microglia activation after cerebral 
hemorrhage can secrete chemokines such as CXCL1 and CCL2 to chemotactic neutrophils and monocytes to migrate into the brain 
[38], aggravating secondary brain injury post cerebral hemorrhage. 

It has also been found that the CRD at the Gal-8 C terminus binds to integrin Am/CD11b and proMMP-9 to regulate neutrophil 
function [39]. Our results revealed that inhibition of the sugar-binding activity of Gal-8 by TDG significantly reduced the number of 
neutrophils in the periphery of the hematoma, while the number of astrocytes was not significantly altered. This suggests that Gal-8 
promotes neutrophil infiltration into the hematoma periphery to some extent through microglia activation, aggravating secondary 
brain injury. 

Gal-8 increased the secretion of chemokines and cytokines (i.e., IL-2, MCP-5, IL-6, MCP-1, TNF-α, and IL-3) from bone marrow- 
derived dendritic cells [40] and is a potent inducer of functional disease markers such as IL-1B, TNF-α, IL-6, MMP-1, MMP-3, and 
MMP-13 [41]. Based on these findings, we investigated the expression of inflammatory factors in the periphery of hematoma post ICH 
and found that the inhibition of sugar-binding activity by TDG significantly reduced the expression levels of the inflammatory factors 
HMGB-1 and TNF-α. The experimental results suggest that Gal-8 is involved in regulating the immune-inflammatory response after 
cerebral hemorrhage by promoting cytokine expression. However, the exact mechanism remains to be determined. The signaling 
pathway Gal-8 involved in regulating immune inflammation post ICH still needs to be followed up with further studies. 

In conclusion, this study showed that inhibition of the sugar-binding activity of Gal-8 attenuated secondary brain injury post ICH, 
which in turn demonstrated the neurotoxic effect of Gal-8 on secondary injury. Gal-8 has a significant therapeutic potential for ICH and 
is a potential target for intervention in the treatment of cerebral hemorrhage. 
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autoimmune encephalomyelitis and a target of human early prognostic antibodies in multiple sclerosis, PLoS One 12 (2017) e0177472. 

[8] J.F. Sampson, A. Suryawanshi, W.S. Chen, G.A. Rabinovich, N. Panjwani, Galectin-8 promotes regulatory T-cell differentiation by modulating IL-2 and TGFβ 
signaling, Immunol. Cell Biol. 94 (2016) 213–219. 

[9] L. Massardo, C. Metz, E. Pardo, V. Mezzano, M. Babul, E. Jarpa, A.M. Guzmán, S. André, H. Kaltner, H.J. Gabius, S. Jacobelli, A. González, A. Soza, 
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