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1 Introduction
Intracerebral hemorrhage (ICH) is one of the acute 

cerebrovascular diseases, which accounts for 10% to 20% of 
all strokes worldwide and is associated with high morbidity 
and mortality (Rindler  et  al.,  2020). The pathophysiological 
mechanism of ICH is complex. The secondary brain injury 
caused by ICH is an important factor leading to the neurological 
damage (Belur et al., 2013). More and more studies have shown 
that the inflammatory response and oxidative stress after 
hematoma formation are closely related to the ICH-induced brain 
injury and neurological dysfunction (Wasserman et al., 2007; 
Sugiyama  et  al.,  2018). At present, the clinical treatment of 
ICH-induced brain injury includes supportive measures and 
surgery (Thiex and Tsirka, 2007; Holste et al., 2021). It is very 
important to find effective drugs to prevent and treat ICH-
induced brain injury and the neurological dysfunction. Rabdosia 
rubescens belongs to the Lamiaceae plants. Modern research has 
proved that Rabdosia rubescens has the heat-clearing, antitumor, 
blood circulation-promoting and pain-relieving functions 
(Sartippour et al., 2005). Oridonin, a diterpenoid compound, 
is the main active component of Rabdosia rubescens. Oridonin 
has many biological effects in anti-inflammatory, antibacterial, 
anti-tumor, antioxidant and other aspects (Xu  et  al.,  2009; 
Li et al., 2016; Zheng et al., 2016). It is found that, the nuclear 
factor-kappa B (NF-κB) inflammatory pathway (Zhang et al., 2015) 
and nuclear factor erythroid 2-related factor 2/heme oxygenase 1 

(Nrf2/HO-1) antioxidant pathway (Wei et al., 2017) are involved 
in the ICH-induced brain injury. The role and mechanism of 
oridonin in ICH-induced brain injury are still unclear. In this 
study, oridonin was extracted and purified from Rabdosia 
rubescens. The protective effect of oridonin on ICH-induced 
brain injury in rats was investigated, and the mechanism related 
to NF-κB inflammatory pathway and Nrf2/HO-1 antioxidant 
pathway. The objective was to lay a theoretical basis for further 
studying the effect of oridonin for ICH-induced brain injury.

2 Materials and methods

2.1 Extraction and purification of oridonin from Rabdosia 
rubescens

A 500 g of dry Rabdosia rubescen powder was placed in 
the ultrasonic extractor, followed by extraction with 5 L of 95% 
ethanol-water solution for two times. The extracted solution of 
two times was combined, and was concentrated to 1/3 of original 
volume. The activated carbon was added to the concentrated 
solution. The decolorization under ultrasonic condition was 
performed for 30 min. After filtering under reduced pressure, 
the decolorized extracted solution was obtained. After further 
concentrating, the crude extract was obtained. The silica gel 
5 times mass of crude extract was packed into the chromatographic 
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column, and then the crude extract was loaded on the column. 
The eluention was performed using petroleum ether-acetone 
solution (6: 4) as eluent. Using oridonin standard as reference 
substance, the thin layer chromatography method was used 
for tracking the oridonin in elution solution. The target 
elution solution was collected and concentrated to appropriate 
volume, followed by placing at 4 °C for 2 days, and the crystals 
precipitated. After filtering under reduced pressure, the crystals 
were obtained. After washing with a small amount of acetone 
to white, the crystals were dried, and the final oridonin product 
with HPLC purity of 97.42% was obtained.

2.2 Establishment of ICH-induced brain injury model

The SD rats (220-500  g) were used for establishment of 
ICH-induced brain injury model. After anesthesia, the rats were 
fixed on the brain stereopositioning instrument. After the hair 
removing and skin sterilizing, the anterior fontanelle was fully 
exposed by sagittally incising at midbrain. A hole with about 
1 mm diameter was made using dental drill at the position 3.5 mm 
right and 0.2 mm before the anterior fontanelle. A 100 µL of 
autogenous blood was taken from right femoral artery using the 
micro syringe. Then, the micro syringe was vertically inserted 
(5.5 mm depth) into the hole, and the autogenous blood was 
completely injected. The wound was sutured, and the rats were 
placed to the cage. In sham-operated rats, only the micro syringe 
was inserted, without autogenous blood injection.

2.3 Grouping of rats and treatment

Sixty successfully modeled rats were randomly divided into 
four groups: model group, low-dose oridonin group, middle-dose 
oridonin group and high-dose oridonin group, 15 rats in each 
group. In addition, 15 sham-operated rats were selected as the sham 
group. At 2 h after modeling, the rats in low-, middle- and high-
dose oridonin groups were given 10, 20, and 40 mg/kg oridonin by 
intraperitoneal injection, respectively. The treatment was performed 
again at 24 after modeling, respectively. The rats in sham and model 
groups were synchronously given the same amount of normal saline. 
All rats were raised under the conditions that met the requirements 
of environmental facilities for medical laboratory animals.

2.4 Neurobehavioral test

After 48 after modeling, the neurobehavioral test was 
performed in each group. The neurological function of rats 
was evaluated using the modified Neurological Severity Score 
(mNSS) system. The items included the motor, sensory, balance, 
and reflex tests. The scores from all the tests were summed to 
give the 0-18 points. The mild, moderate and severe neurological 
dysfunction were described as a score of 1-6 points, 7-12 points 
and 13-18 points, respectively (Hong et al., 2020). Rats were 
tested by an experimenter who was blind to the group identity 
of the animal three times, and the average was recorded.

2.5 Determination of brain water content

After neurobehavioral test, six rats in each group were taken. 
After anesthesia, the rats were killed. The skull was opened, and 
the brains were taken. The olfactory brain, cerebellum and low 

brain stem were removed. The remaining brain tissues were 
weighed to obtain the wet brain mass. Then, the brain tissues 
were placed in the oven at 105-115 °C to constant weight to obtain 
the dry brain mass. The brain water content was calculated as 
follows: brain water content (%) = [(wet brain mass - dry brain 
mass) / wet brain mass] × 100%.

2.6 Determination of inflammatory factor levels in brain tissues

The remaining rats in each group were taken. The partial 
brain tissues were taken, and weighed. After grinding with 
normal saline, the brain homogenate was prepared. and rinsed 
with normal saline. After centrifuging at 3000 r/min for 10 min, 
the supernatant was obtained. The tumor necrosis factor 
α (TNF-α), interleukin 1β (IL-1β) and interleukin 6 (IL-6) 
levels were detected by enzyme linked immunosorbent assay. 
The procedures followed the instructions of kits.

2.7 Determination of NF-κB p65, Nrf2 and HO-1 protein 
expression levels in brain tissues

Partial brain tissues were taken, and weighed. After rinsing 
with normal saline, about 100 mg of brain tissues were taken, and 
was homogenized. The protein was extracted. The NF-κB p65, 
Nrf2 and HO-1 protein expression levels were determined using 
western blot assays. β-actin was used as the internal reference. 
The relative expression level of target protein was expressed 
by the ratio of its integral optical density to that of β-actin. 
The procedures were in accordance to the instructions of kits.

2.8 Statistical analysis

Data were presented as mean ± standard deviation. 
The statistical analysis was performed using SPSS 18.0 software 
(SPSS Inc., Chicago, USA). The difference among different groups 
was analyzed using one-way analysis of variance with SNK-q 
test for individual comparisons between group means. P < 0.05 
indicated statistically significant.

3 Results

3.1 Behavioral manifestations and survival of rats in five groups

During 48 h of observation period after modeling, in sham 
group the rats had basically normal behavioral activities, with 
glossy hair and no loose stool. The rats in model group showed 
emotional instability, timidity, persistent high alertness and hair 
irregularity. The behavioral manifestations in three treatment 
groups were similar with those in model group, but the degree 
was obviously decreased, especially in high-dose oridonin group. 
At the end, there were 0, 4, 3, 1 and 1 rats which died in sham, 
model, low-dose oridonin, middle-dose oridonin and high-
dose oridonin groups, respectively, with survival rate of 100%, 
73.33%, 80.00%, 93.33% and 93.33%, respectively.

3.2 Comparison of mNSS among five groups

At 48 h after modeling, the mNSS in sham, model, low-
dose oridonin, middle-dose oridonin and high-dose oridonin 
groups was 0.72 ± 0.12, 9.88 ± 1.78, 8.95 ± 1.34, 7.51 ± 1.23 and 
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6.47 ± 0.90 points, respectively. Compared with sham group, 
the mNSS in model group and three oridonin treatment groups 
was significantly increased, respectively (p < 0.05). Compared 
with model group, the mNSS in middle-dose and high-dose 
oridonin groups was significantly decreased, respectively 
(P < 0.05) (Figure 1).

3.3 Comparison of brain water content among five groups

As shown in Figure 2, brain water content in sham, model, 
low-dose oridonin, middle-dose oridonin and high-dose oridonin 
groups was (77.64 ± 0.32)%, (79.47 ± 0.56)%, (79.12 ± 0.30)%, 
(78.56 ± 0.28)% and (78.13 ± 0.12)%, respectively. Compared 
with sham group, the brain water content in other four groups 
was significantly increased, respectively (p < 0.05). Compared 
with model group, the brain water content in middle-dose 
and high-dose oridonin groups was significantly decreased, 
respectively (P < 0.05).

3.4 Comparison of brain tissue TNF-α, IL-1β and IL levels 
among five groups

After 48 h from modeling, compared with sham group, in 
other four groups the brain tissue TNF-α, IL-1β and IL levels were 
significantly increased, respectively (P < 0.05). Compared with 
model group, the TNF-α level in low-dose, middle-dose and 
high-dose oridonin groups and the IL-1β and IL levels in 
middle-dose and high-dose oridonin groups were significantly 
decreased, respectively (P < 0.05) (Table 1).

3.5 Comparison of brain tissue NF-κB p65, Nrf2 and HO-1 
expression levels among five groups.

The relative NF-κB p65, Nrf2 and HO-1 expression levels 
in brain tissues in five groups were shown in Table 2. Compared 
with sham group, the NF-κB p65, Nrf2 and HO-1 expression 
level in model group were significantly increased, respectively 
(P < 0.05). Compared with model group, the NF-κB p65 level 
in middle-dose and high-dose oridonin groups was significantly 
decreased, respectively (P < 0.05), and the Nrf2 level in middle-
dose and high-dose oridonin groups and HO-1 level in low-dose, 
middle-dose and high-dose oridonin groups were significantly 
increased, respectively (P < 0.05) (Table 2).

4 Discussion
At present, there is no effective treatment for ICH in 

the elderly. The ICH-induced brain injury is caused by the 
occupation of hematoma itself and the destruction of hematoma 
surrounding tissue. It plays an important role in the prognosis 
of ICH patients (Nakamura  et  al.,  2010). The brain edema 
and neurological dysfunction are the main manifestations of 
ICH-induced brain injury (Xiao et al., 2021). In this study, the 
oridonin with purity of 97.42% was extracted and purified from 
Rabdosia rubescens. Then, the rat model of ICH-induced brain 
injury was established, and the protective effect of oridonin 
on ICH-induced brain injury was investigated. Results showed 
that, after treatment, compared with model group, the mNSS in 
middle-dose and high-dose oridonin groups was significantly 
decreased, and the brain water content was significantly 
decreased. This suggests that, the oridonin treatment can 
reduce the ICH-induced brain injury in rats.

Microglia-mediated inflammatory injury plays an important 
role in ICH (Yang et al., 2014). After ICH, NF-κB in microglia 
will be activated, which increases the release of pro-inflammatory 
factors and lead to early brain injury (Zeng et al., 2017). In addition, 
these pro-inflammatory factors, as the activators of NF-κB, can 
promote the transcription of NF-κB with positive feedback and 
aggravate the inflammatory reaction. As an important nuclear 
transcription factor, NF-κB has been recognized as a key regulator 
of inflammatory reaction (An et al., 2002). Inhibition of NF-κB 
activity can reduce the neurological damage (Chen et al., 2018). 
In this study, after treatment, compared to model group, the 
brain tissue TNF-α, IL-1β, IL-6 and NF-κB p65 protein levels in 
middle-dose and high-dose oridonin groups were significantly 
decreased. We can identify that, the oridonin treatment can 
inhibit NF-κB inflammatory pathway, thus mitigating the ICH-
induced brain injury in rats.

Figure 1. Comparison of mNSS among five groups (sham group: n = 15; 
model group: n = 11; low-dose oridonin group: n = 12; middle-dose 
oridonin group: n = 14; high-dose oridonin group: n = 14; F = 132.775; 
P < 0.001). aP < 0.05 compared with sham group; bP < 0.05 compared 
with model group; cP < 0.05 compared with low-dose oridonin group; 
dP < 0.05 compared with middle-dose oridonin group. mNSS, modified 
Neurological Severity Score.

Figure 2. Comparison of mNSS among five groups (n = 6 for each 
group; F = 27.18086172; P < 0.001). aP < 0.05 compared with sham 
group; bP < 0.05 compared with model group; cP < 0.05 compared 
with low-dose oridonin group; dP < 0.05 compared with middle-dose 
oridonin group
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Oxidative stress is an important cause of ICH-induced 
brain injury (Wang et al., 2018). Nrf2 is a key transcription 
factor and major regulator in oxidative stress. Its level 
gradually increases after ICH. Nrf2 can induce the expression 
of antioxidant genes and plays an important role in 
protecting brain tissue from oxidative damage after ICH 
(Wang  et  al.,  2007). Study has shown that oridonin can 
promote the dissociation of keap-1 and Nrf2 by inhibiting 
NADPH oxidase. The dissociated Nrf2 enters the nucleus 
to activate the downstream protein HO-1, which plays an 
antioxidant role in diseases (Yang et al., 2020). In our study, 
after treatment, compared to model group, the brain tissue 
Nrf2 and HO-1 protein levels in middle-dose and high-dose 
oridonin groups were significantly increased. This is similar 
to the results of above study, suggesting that oridonin may 
mitigate the ICH-induced brain injury in rats by promoting 
the antioxidant effect of Nrf2/HO-1 pathway.

5 Conclusion
In conclusion, oridonin from Rabdosia rubescens can mitigate 

the ICH-induced brain injury in rats. The mechanism may be 
related to its reduction of inflammatory response and oxidative 
stress by inhibiting NF-κB inflammatory pathway and promoting 
Nrf2/HO-1 antioxidant pathway in brain tissues.
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