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Abstract: Salvianolic acid B, a phenolic acid ingredient from Salviae miltiorrhiza (Danshen), exerts neuroprotec-
tive properties through its anti-inflammation, anti-oxidation and anti-apoptosis actions, but its role in intracerebral 
hemorrhage (ICH) remains unclear. This study evaluates the effect of Salvianolic acid B on brain injury using the 
rat experimental ICH model. The results suggest that intraperitoneal administration of Salvianolic acid B (12 mg/
kg body weight/day) exerted the neuroprotective effect against ICH-induced brain injury at 72 hours, as shown by 
attenuated neurological deficit and brain edema, decreased the IL-1β, IL-6, TNF-α staining positive cells and the 
expression level in the brain tissue, lowered the ROS and MDA and increased the GSH and SOD, reduced the TUNEL 
staining positive cells. In summary, these results indicate that Salvianolic acid B treatment attenuates brain injury 
induced by ICH via reducing brain inflammation and oxidative stress. 
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Introduction

Intracerebral hemorrhage (ICH) is a subtype of 
hemorrhagic stroke, occurs when the diseased 
blood vessels of brain parenchyma suddenly 
rupture. Primary brain injury following ICH dues 
to hematoma formation and mechanical dam-
age [1]. Secondary brain injury after ICH caused 
by the intra-parenchymal blood components, 
such as red blood cells and immunoglobulins, 
which subsequently activates oxidative stress 
and inflammatory pathways and contributes to 
the brain edema and neurological deficits [1]. 
The inflammatory response following ICH be- 
gins when the blood enter in the brain paren-
chyma, then causes the resident microglial 
activation. Firstly, activated microglia clears the 
hematoma through the phagocytosis, while 
excessive microglial activation aggravates pri-
mary brain injury by releasing proinflammatory 
cytokines, chemokines and free radicals. These 
cytokines and chemokines cause infiltration 
and activation of blood-derived leukocytes and 

macrophages, which contributes to ICH-induc- 
ed brain injury by producing proinflammatory 
mediators and reactive oxygen species (ROS) 
[2]. Hence, anti-inflammatory and antioxidant 
therapy provide neuroprotective effect after 
ICH [3, 4]. 

Salvianolic acid B (SAB, molecular formula is 
C36H30O16) is a bioactive hydrophilic extract fr- 
om Salviae miltiorrhiza (Danshen), which has 
been assigned as the marker component of 
Salviae miltiorrhiza in the Chinese Pharmaco- 
poeia [5]. Salvianolic acid B is a phenolic acid 
ingredient and has strong pharmaceutical activ-
ity, which is used to treat cardiocerebral vascu-
lar diseases and prevent cancer [5]. Moreover, 
Salvianolic acid B has neuroprotective effects 
against ischemia brain injury by reducing lipid 
peroxides and free radicals [6, 7], and by sup-
pressing the platelet activation and neuroin-
flammation [8]. However, it is not yet known 
whether Salvianolic acid B affects neuroinflam-
mation and oxidative stress after ICH.
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In this study, we aim to investigate the hypoth-
eses: Salvianolic acid B attenuates inflamma-
tion, oxidative stress and cell apoptosis follow-
ing ICH in rats. 

Materials and methods

Animals and experimental design

Adult male Sprague-Dawley rats (270-300 g, 
Animal Centre of Lukang, Jining, China) were 
group-housed in cage at a constant tempera-
ture and humidity on a 12 hours light-12 hours 
dark cycle. All Experimental procedures were 
performed in accordance with the National 
Institutes of Health (NIH) guideline.

The experimental groups consisted of the sham 
group (n = 18), ICH+vehicle group (n = 18), and 
the ICH+Salvianolic acid B (SAB) group (n = 18). 
At 1 hour after ICH, rats received intraperitone-
ally injection of Salvianolic acid B (0.2 ml, 12 
mg/kg body weight/day) or vehicle (saline) of 
equal volume. Time and dosage of Salvianolic 
acid B administration was based on prior study 
in rat model of transient middle cerebral artery 
occlusion [9]. At 72 hours after surgery, neuro-
logical scores were assessed, then all rats were 
killed under the anesthetized by chloral hydrate. 
Six rats in each group were for Immunofluore- 
scence and TUNEL staining. Six rats in each 
group were for molecular biochemical analysis. 
Six rats in each group were for detecting brain 
water content and ELISA assay.

Experimental ICH model 

Rat ICH model was produced as described in 
previous study [10]. In brief, rat was anesthe-
tized by chloral hydrate (400 mg/kg body 
weight, i.p) and then fixed to the stereotactic 
frame. The 1.0 µl volume of saline containing 
collagenase IV (0.3 U, Sigma, USA) was injected 
into the caudatum (lateral, 3.0 mm; posterior, 
0.5 mm; depth, 6.0 mm) for 10 min using a 30 
gauge needle attached to a Hamilton syringe. 
The needle was stayed 10 min and withdrawn 
following injection. The burr hole was sealed 
with the bone wax. 

Neurological scores

At 72 hours after ICH, the modified neurological 
severity score (mNSS) method was used to eva- 
luate neurological scores as described in previ-

ous study [10]. Briefly, mNSS method was com-
prised of motor, sensory, abnormal movements 
and reflexes absent that was scored from nor-
mal (score 0) to maximal deficit (score 18). Two 
‘blinded’ investigators evaluated the score.

Measurement of brain water content

At 72 hours after ICH, under anesthesia with 
chloral hydrate, the infused hemispheres were 
taken and weighted quickly to determine the 
wet weight, then dried completely to determine 
the dry weight. The brain water content = (wet 
weight - dry weight)/wet weight × 100%.

Immunofluorescence and TUNEL staining

Immunofluorescence and TUNEL staining were 
performed as described previously [11]. At 72 
hours after ICH, under anesthesia with chloral 
hydrate, rats were transcardially perfused with 
PBS followed by 4% paraformaldehyde solu-
tion. The brains were taken and fixed in 4% 
paraformaldehyde solution for 12 hours and 
then in 30% sucrose solution for 72 hours at 
4°C. The coronal sections of brain were obta- 
ined from the Leica CM1950 cryostat, and per-
meabilized with 0.2% Triton X-100 solution for 5 
min and blocked in 5% goat serum for 1 hour at 
room temperature. Next, coronal sections were 
incubated with (IL-1β, IL-6 and TNF-α antibody; 
1:100, Santa Cruz Biotechnology) for 15 hours 
at 4°C. Next day, the sections were washed 
with PBS and then incubated anti-mouse IgG-
TRITC or anti-rabbit IgG-FITC for 2 hour at room 
temperature. The coronal sections were wash- 
ed with PBS and cover slipped with the anti-
fading solution. For TUNEL staining, the coronal 
section was used In Situ Cell Death Detection 
Kit with Fluorescein (Roche, Germany) follow- 
ing the manufacturer’s instructions. All pictures 
were captured from a fluorescent microscope 
(Olympus, Japan) under the constant parame- 
ters.

Western blots

At 72 hours after ICH, under anesthesia with 
chloral hydrate, the brain tissue around the 
hematoma was dissected out and homoge-
nized in RIPA lysis buffer (Beyotime, China) and 
then clarified by centrifuging for 10 min at 4°C. 
After determination of the protein content with 
the Bradford Protein Assay Kit (Beyotime, Chi- 
na), the supernatant containing 30 μg of pro-
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tein was subjected to SDS-PAGE. The separat-
ed proteins were transferred to a nitrocellulose 
membrane by a transfer apparatus at 350 mA 
for 2 hours. Next, the membrane was blocked 
with 5% nonfat milk and then incubated with 
primary antibody (anti-active caspase-3 or cas-
pase-3 antibody, 1:1000, Abcam, USA) for 12 
hours at 4°C. After incubating with horseradish 
peroxidase-conjugated secondary antibody for 
2 hours at room temperature, the membrane 

were viewed using the chemiluminescence kit 
(Millipore, USA). 

Enzyme linked immunosorbent assay (ELISA)

At 72 hours after ICH, under anesthesia with 
chloral hydrate, the brain tissue around the he- 
matoma was dissected out and homogenized 
in saline. The content of IL-1β, IL-6 and TNF-α 
were measured using the [Rat IL-1β ELISA kit 
(EK3061), Rat IL-6 ELISA kit (EK301B2), and 
Rat TNF-α ELISA kit (EK3822), MultiSciences, 
China] following the manufacturer’s instruct- 
ions.

Measurement of ROS (reactive oxygen spe-
cies), malondialdehyde (MDA), glutathione 
(GSH) and superoxide dismutase (SOD) activity 

At 72 hours after ICH, under anesthesia with 
chloral hydrate, the brain tissue around the 
hematoma was dissected out and homoge-
nized in saline. The ROS production, MDA con-
tent, 3-Nitrotyrosine content and SOD activity 
were measured using the [Reactive Oxygen 
Species Assay Kit (S0033), Lipid Peroxidation 
MDA Assay Kit (S0131), GSH assay kit (S0053), 
Total Superoxide Dismutase Assay Kit (S0101), 
Beyotime, China] following the manufacturer’s 
instructions.

Statistical analysis

All values were expressed as mean ± SD. One-
way ANOVA followed by the Bonferroni’s multi-
ple comparisons was used to compare the dif-
ference among the sham, vehicle and Salvia- 
nolic acid B groups using the GraphPad Soft- 
ware Prism 5.0. P < 0.05 was considered sig- 
nificant.

Results

Salvianolic acid B significantly improved neuro-
logical deficits and brain edema after ICH

Blood clots were found on striatum at 72 hours 
after ICH (Figure 1A). Compared to the sham 
group, the average neurological score in the 
ICH+vehicle group was significantly higher at 
72 hours following ICH (Figure 1B). The neuro-
logical score in the ICH+Salvianolic acid B gro- 
up significantly decreased when compared with 
the ICH+vehicle group (Figure 1B). In addition, 
the brain edema was evaluated at 72 hours 

Figure 1. Salvianolic acid B improved neurological 
deficit and brain edema after ICH. (A) Schematic rep-
resentation of the area for taken for assay (quadran-
gle for brain water content, ELISA and Western blot, 
triangle for immunofluorescence and TUNEL stain-
ing). (B) mNNS score and (C) brain water content at 
72 hours in the sham group, ICH+vehicle group, and 
the ICH+Salvianolic acid B (SAB) group. Value are in-
dicated as mean ± SD (*P < 0.05, **P < 0.01 and ***P 
< 0.001; One-way ANOVA with Bonferroni’s multiple 
comparisons test; n = 6, per group).
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after ICH using the wet/dry weight method. The 
average brain water content in the ICH+vehicle 
group was significantly increased as compared 
to the sham group (Figure 1B). However, the 
brain water content in the ICH+Salvianolic acid 
B group significantly decreased when com-
pared to the ICH+vehicle group. These results 
indicate that administration of Salvianolic acid 
B significantly improved neurological deficits 
and brain edema after ICH.

Salvianolic acid B suppressed the level of IL-
1β, IL-6 and TNF-α after ICH

Next we measured the level of IL-1β, IL-6 and 
TNF-α that are known to be the most important 

dative stress after ICH, the level of ROS, the 
oxidative stress damage marker of lipid (MDA), 
GSH and the key enzyme of antioxidant defense 
(SOD) were measured at 72 hours after ICH. As 
shown in Figure 4, ICH significantly increased 
the ROS production and MDA content as com-
pared with that observed in the sham group, 
while treatment of Salvianolic acid B signifi-
cantly reduced these increase when compared 
to the ICH+vehicle group (Figure 4A and 4B). 
Meanwhile, ICH significantly decreased the 
GSH content and SOD activity, while adminis-
tration of Salvianolic acid B significantly rever- 
sed these decrease (Figure 4C and 4D). These 
finding suggested that Salvianolic acid B inhib-
ited oxidative stress after ICH.

proinflammatory cytokines 
using the immunofluores-
cence staining and ELISA 
assay at 72 hours after 
ICH. Statistics results from 
immunofluorescence stain-
ing showed that the num-
ber of IL-1β, IL-6 and TNF-α 
positive cell in the ICH+ 
vehicle group was signifi-
cantly increased as com-
pared with the sham group, 
but administration of Sal- 
vianolic acid B significantly 
reduced these positive ce- 
lls when compared to the 
ICH+vehicle group (Figure 
2). Meanwhile, ELISA assay 
suggested that the content 
of IL-1β, IL-6 and TNF-α in 
ICH+vehicle group obvious-
ly higher than in the sham 
group, while treatment of 
Salvianolic acid B signifi-
cantly reduced these high-
er level as compared with 
the ICH+vehicle group (Fig- 
ure 3). These results sug-
gested that Salvianolic acid 
B suppressed the neuroin-
flammation, especially in 
the release of proinflamma-
tory cytokines.

Salvianolic acid B inhibited 
oxidative stress after ICH

To explore the possible role 
of Salvianolic acid B on oxi-

Figure 2. Salvianolic acid B reduced the IL-1β, IL-6 and TNF-α positive cells 
after ICH. A. Representative images show immunofluorescence staining of IL-
1β, IL-6 and TNF-α at 72 hours in the sham group, ICH+vehicle group, and the 
ICH+Salvianolic acid B (SAB) group, scale bar = 50 µm. B. Quantitative analysis 
of the IL-1β, IL-6 and TNF-α positive cells were represented as mean ± SD (*P < 
0.05, **P < 0.01, and ***P < 0.001; One-way ANOVA with Bonferroni’s multiple 
comparisons test; n = 3, per group).
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Salvianolic acid B reduced cell apoptosis after 
ICH

To investigate the effect of Salvianolic acid B 
on the cell apoptosis after ICH, we assessed 
brain sections by TUNEL staining and Western 
Blots at 72 hours after ICH. Statistics results 

from TUNEL staining showed that the number 
of TUNEL positive cells in the ICH+vehicle group 
was significantly increased as compared with 
the sham group, but administration of Salvia- 
nolic acid B significantly reduced these positive 
cells when compared to the ICH+vehicle group 
(Figure 5A and 5B). In addition, Western Blots 
analysis indicated that administration of 
Salvianolic acid B significantly reduced the 
expression of active caspase-3 in comparison 
with the ICH+vehicle group (Figure 5C). These 
results suggested that Salvianolic acid B 
reduced cell apoptosis after ICH.

Discussion 

This study showed that administration of Sal- 
vianolic acid B significantly improves neurologi-
cal function, attenuates the brain edema at 72 
hours after ICH. Also, Salvianolic acid B obvi-
ously reduced the positive cells and content of 
IL-1β, IL-6 and TNF-α at 72 hours after ICH. 
Moreover, Salvianolic acid B significantly dec- 
rease the ROS level and MDA content, and 
increase GSH content and the SOD enzyme 
activity at 72 hours after ICH. Furthermore, 
Salvianolic acid B significantly reduces the 
TUNEL staining positive cells and active cas-
pase-3 expression at 72 hours after ICH. These 
results indicate that Salvianolic acid B attenu-
ates the secondary brain injury induced by ICH 
through inhibiting the inflammation and oxida-
tive stress.

When ICH occurs, the resident microglia and 
macrophages were activated within few min-
utes and lasted for 4 weeks. In the early stage, 
activated microglia and macrophages have 
beneficial effects through clearing hematoma 
via phagocytosis, while excessive activated 
microglia aggravates secondary brain injury by 
releasing proinflammatory cytokines IL-1β, IL-6 
and TNF-α [4]. IL-1β, IL-6 and TNF-α have been 
shown to be increased after experimental ICH 
[10, 12, 13] and ICH patients [14], and contrib-
ute to ICH-induced perihematomal edema for-
mation. Our results showed that Salvianolic 
acid B significantly reduces the level of IL-1β, 
IL-6 and TNF-α following ICH. Previous studies 
have shown that Salvianolic acid B can sup-
press the microglial activation in lipopolysac-
charide-treated microglia-neuron co-culture 
[15], also inhibited microglia activation after 
experimental traumatic brain injury in mice 
[16]. Therefore, our findings plus these evidenc-

Figure 3. Salvianolic acid B decreased the content 
of IL-1β, IL-6 and TNF-α after ICH. ELISA assay shows 
the concentration of (A) IL-1β, (B) IL-6, and (C) TNF-α 
at 72 hours in the sham group, ICH+vehicle group, 
and the ICH+Salvianolic acid B (SAB) group. Value 
are indicated as mean ± SD (*P < 0.05 and **P < 
0.01; One-way ANOVA with Bonferroni’s multiple 
comparisons test; n = 6, per group).
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es indicate that Salvianolic acid B may attenu-
ates the release of pro-inflammatory mediators 

ght/day) significantly attenuates the neurologi-
cal deficit and brain edema, reduced the re- 

Figure 4. Salvianolic acid B suppressed oxidative stress after ICH. (A) ROS pro-
duction, (B) MDA content, (C) GSH content, and (D) SOD activity at 72 hours 
in the sham group, ICH+vehicle group, and the ICH+Salvianolic acid B (SAB) 
group. Value are indicated as mean ± SD (*P < 0.05 and **P < 0.01; One-way 
ANOVA with Bonferroni’s multiple comparisons test; n = 6, per group).

Figure 5. Salvianolic acid B inhibited cell apoptosis after ICH. A. Representative 
images show TUNEL staining at 72 hours in the sham group, ICH+vehicle group, 
and the ICH+Salvianolic acid B (SAB) group, scale bar = 50 µm. B. Quantitative 
analysis of the TUNEL positive cells in there groups. C. Western-blot shows the 
expression of caspase-3 at 72 hours in the sham group, ICH+vehicle group, and 
the ICH+Salvianolic acid B (SAB) group. Value are indicated as mean ± SD (*P < 
0.05 and ***P < 0.001; One-way ANOVA with Bonferroni’s multiple comparisons 
test; n = 3, per group).

through the inhibition of 
microglial activation. These 
Salvianolic acid B-mediat- 
ed anti-inflammation effe- 
cts should be further inve- 
stigated.

When ICH occurs, exces-
sive reactive oxygen spe-
cies (ROS) derived from the 
metabolic product of hemo-
globin, the activated micro- 
glia and macrophages, and 
damaged cells, initiates oxi- 
dative stress tissue injury 
in the form of DNA damage, 
protein oxidation and lipid 
peroxidation, then causes 
cell apoptosis and brain 
blood barrier disruption [17, 
18]. Consistent with previ-
ous report, we observed 
significantly the increased 
production of ROS and 
MDA that is an oxidative 
marker of lipid, and decre- 
ased the content of GSH 
and SOD activity after ICH. 
On the other hand, Salvia- 
nolic acid B significantly 
reversed ICH-induced the 
increase of ROS and MDA, 
and restored the ICH-indu- 
ced the decrease of the 
GSH and SOD. Previous 
studies reported that Sal- 
vianolic acid B exerts the 
anti-oxidant effect in hippo-
campal CA1 neurons after 
cerebral ischemia [7]. Hen- 
ce, this evidence and our 
finding indicate that Sal- 
vianolic acid B may against 
brain injury-induced oxida-
tive stress.

In conclusion, this study 
shows for the first time that 
Salvianolic acid B provides 
neuroprotective effect after 
ICH. Intraperitoneally injec-
tion of Salvianolic acid B 
(0.2 ml, 12 mg/kg body wei- 
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lease of proinflammatory cytokines IL-1β, IL-6 
and TNF-α, and reduced the oxidative stress 
and cell apoptosis at 72 hours in rat ICH model. 
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