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The effect of the Rabdosia rubescens total flavonoids on focal cerebral ischemia reperfusion model in rats
was observed. The model group, nimodipine group, cerebral collateral group, and large, medium and
small dose group of the Rabdosia rubescens total flavonoids were administered with corresponding drugs
but sham operation group and model group were administered the same volume of 0.5%CMC, 1 times a
day, continuous administration of 7 d. After 1 h at 7 d to medicine, left incision in the middle of the neck
of rats after anesthesia, we can firstly expose and isolate the left common carotid artery (CCA), and then
expose external carotid artery (ECA) and internal carotid artery (ICA). The common carotid artery and the
external carotid artery are ligated. Then internal carotid artery with arterial clamp is temporarily clipped.
Besides, cut the incision of 0.2 mm from 5 cm of the bifurcation of the common carotid artery. A thread
Line bolt is inserted with more than 18–20 mm from bifurcation of CCA into the internal carotid artery
until there is resistance. Then the entrance of the middle cerebral artery is blocked and internal carotid
artery is ligated (the blank group only exposed the left blood vessel without Plugging wire). Finally it is
gently pulled out the plug line after 2 h. Results: Compared with the model mice, Rabdosia rubescens total
flavonoids can significantly relieve the injury of brain in hippocampus and cortex nerve cells; experimen-
tal rat focal cerebral ischemia was to improve again perfusion model of nerve function defect score mor-
tality; significantly reduce brain homogenate NOS activity and no content, MDA, IL-1, TNF-a, ICAM-1
content; increase in brain homogenate SOD and ATPase activity (P < 0.05, P < 0.01); and reduce the serum
S-100b protein content. Each dose group of the Rabdosia rubescens total flavonoids has a better
Improvement effect on focal cerebral ischemia reperfusion model in rats.
� 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cerebral ischemia reperfusion injury (CIRI) refers to the cerebral
artery occlusion, cerebral ischemia, hypoxia and lack of energy
supply, however restoring blood perfusion and oxygen supply, tis-
sue or organ damage and aggravating the phenomenon. Cerebral
ischemia reperfusion injury has high incidence of a disease in
elderly people, with the deepening of the aging population in our
country, and higher morbidity and mortality have made it one of
the main diseases endangering public health (Iftakhar et al.,
2015; Sarfraz et al., 2016; Pendlcbury et al., 2009), effectively
inhibiting the reperfusion injury has a very important clinical
significance.

2. Material and method

2.1. Experimental materials

2.1.1. Drugs and reagents
The Rabdosia rubescens total flavonoids products were from

Henan University of TCM analysis chemistry laboratory, and con-
tent of total flavonoids was 50.4%, batch number 20120705;
nimodipine tablets, provided by Shandong Xinhua Pharmaceutical
Co., Ltd. production and batch number 1105036; brain collaterals
pass capsule, provided by Harbin Pharmaceutical Group Sanjing
Pharmaceutical Factory Co., Ltd production, batch 201109002;
sodium carboxymethyl cellulose, provided by Tianjin Hengxing
chemical reagent manufacturing Co., Ltd. Production and the batch
number of it is 20060728; chloral hydrate, products from Pu Shan
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Shanghai Chemical Co., Ltd., batch number 20120401; formalde-
hyde solution, provided by Tianjin Kermel Chemical Reagent Co.,
Ltd production, batch number 20120406; and adenosine triphos-
phate (ATP) enzyme test kit, provided by Nanjing Jiancheng biolog-
ical engineering research production, batch number 20130111;
Coomassie brilliant blue test box comes from Nanjing built Produc-
tion of Material Engineering Research Institute and the batch num-
ber of it is 20130115; nitric oxide test kit was provided by Nanjing
built Production of Material Engineering Research Institute, and
the batch number of it is 20130111; NOS kit was provided by Nan-
jing built Production of Material Engineering Research Institute,
and the batch number of it is 20130114; malondialdehyde
(MDA) test kit was provided by Nanjing built Production of Mate-
rial Engineering Research Institute, batch number 20130108; SOD
test box was provided by Nanjing Jiancheng biological engineering
research production, batch number 20130114; S-100 beta protein
ELISA kit, the TNF-ELISA kit. ICAM-1ELISA detection kit and IL-1
ELISA kit were provided by R & D Co. batch number 20130101A.

2.1.2. Instrument
UV-2000 UV visible spectrophotometer, especially Niko (Shang-

hai) Instrument Co., Ltd. production; of tgl-16g desktop centrifuge,
Shanghai Anting Scientific Instrument Factory; JA1103N electronic
analytical balance, Ohaus (Shanghai) Co., Ltd. production; can be
adjustable liquid shifter, Shanghai Lei Bo Instrument Co., Ltd.
Production.

2.1.3. Laboratory animals
Wistar rats, male, weight SPF, 230-250 g, were from Shandong

Lukang Pharmaceutical Limited by Share Ltd, rat Certificate No.
13889.

2.2. Experimental methods

2.2.1. Modeling and administration
112 rats of Wistar rats with 230–250 g were divided into 7

groups and 16 rats in each group, and were gavaged with big, mid-
dle and small dose of total flavonoids of Rabdosia rubescens mixed
suspension (200 mg/kg, 100 mg/kg, 50 mg/kg, pro with 0.5% CMC
drug concentration of 20 mg/ml, 10 mg/ml, 5 mg/ml
(1 ml/100 g)), nimodipine mixed suspension (20 mg/kg, pro before
use 0.5%CMC with drug concentration of 2 mg/ml 1 ml/100 g of
clinical dosage of 10 times), brain collaterals Tong capsule suspen-
sion liquid (500 mg/kg, the pro before use 0.5% CMC with drug con-
centration of 50 mg/ml). 1 ml/100 g, the clinical dosage of 10 times
and the same volume of 0.5%CMC (sham operation group, model
group) were administered 1 times a day, continuous administra-
tion of 7 d. On the sixth night fasting but not water, 7 days morning
weighing, administered 1 h later, and intraperitoneal injection of
10% chloral hydrate (0.3 ml/100 g) anesthesia in rats and the mid-
line of the neck to the left side incision, layer by layer separated
and exposed the left CCA, ECA, and ICA, ligation of the common car-
otid artery and external carotid artery, by artery clamp temporary
clamp of the ICA. In common carotid artery from bifurcation at
5 mm 0.2 mm mouth was cut, suture was inserted, via the com-
mon carotid artery bifurcation into the internal carotid artery, to
deeply bifurcate above 18–20 mm until resistance of that blockade
of brain Artery at the entrance, ligation of the internal carotid
artery (blank control group only exposed left vessels not in line
processing), 2 h after gently pull out suture. Embolism on all rats
was carried out on the left side of the brain artery, and middle cere-
bral artery occlusion and reperfusion (MCAO) animal models were
established. Sham operation group was only for dissection and
ligation of the common carotid artery.

Neurological scores after 24 h surgery were calculated using
Zealonga scoring method (Longa et al., 1989). Scoring criteria
were as follows: 0: no neurological deficit symptoms, normal
activities; 1 point cannot fully extend to the contralateral fore-
paw; 2: crawling to hemiplegia contralateral circling; 3: when
walking, body to hemiplegia side dumping them; 4: unable to
walk spontaneously, consciousness loss; 5 points: death. Score
1–3 points were for successful modeling, and weed out unquali-
fied rats. 0 and 4 points were removed; eyeball blood, half an
hour later, centrifugal, and supernatant were measured by S-
100 beta protein content; rats were decapitated after rapid strip-
ping brain tissue, half brain preparation 10% of brain homogenate
and according to the kit for detection of MDA, SOD, NO, NOS, TNF
alpha, IL-1 beta, ICAM-1, ATP enzyme, Coomassie brilliant blue;
the other half brain tissue, was fixed with 10% formaldehyde
solution, for HE staining observed brain tissue morphological
change.
3. Results

3.1. Effects of the Rabdosia rubescens total flavonoids on the
neurological function score and mortality of rats with focal cerebral
ischemia model, see Table 1

From the table seen, the rats in the sham operation group were
no neurological deficit and other groups in rats after 24 h ischemia
appeared at different degrees of neurological dysfunction; by
group and sham operation ratio, model group, the neurological
function score increased significantly (P < 0.01) in rats with focal
cerebral ischemia and reperfusion model successfully. Compared
with the model group, large, medium and small doses of the Rab-
dosia rubescens total flavonoids and the brain collaterals group can
significantly reduce the neurological function score (P < 0.01), and
nimodipine group can significantly reduce the neurological func-
tion score (P < 0.05).
3.2. Effect of the Rabdosia rubescens total flavonoids on cerebral
homogenate NO and NOS activity of rats with focal cerebral ischemia
model, see Table 2

From the table seen, compared with the sham operation
group, model group rat brain homogenate NO content, NOS activ-
ity significantly increased (P < 0.01), indicating that the rat focal
cerebral ischemia reperfusion model was successful. Compared
with the model group, the large, medium and small doses group
of the Rabdosia rubescens total flavonoids, nimodipine group and
the cerebral collaterals group can significantly reduce the NO
content and NOS activity (P < 0.01) in the brain homogenate of
rats.
3.3. Effect of the Rabdosia rubescens total flavonoids on cerebral
homogenate MDA and SOD activity in focal cerebral ischemia model in
rats, see Table 3

From the table seen, and the sham operation group, the ratio,
the content of MDA in model group rats in ischemic brain tissue
increased significantly (P < 0.01), and the level of SOD signifi-
cantly reduced (P < 0.01), indicating in rats with focal cerebral
ischemia and reperfusion model success; and by model group
ratio, large, medium and small dose group of Rabdosia rubescens
total flavonoids, nimodipine group and brain collaterals
group were significantly decreased in rat brain tissue MDA con-
tent (P < 0.01), and significantly increased the level of SOD
(P < 0.01).



Table 1
The effect of neurological function score and mortality rate on focal cerebral ischemia in rats (�x� s).

Group n Dose (mg/kg) Nerve function score n (deaths) Mortality (%)

Sham operation group 16 0.0 + 0.0 0 0.0
Model group 10 3.6 ± 0.5 6 37.5
Nimodipine group 11 20 2.8 ± 0.6* 5 31.2
Cerebral collateral group 12 500 2.6 ± 0.7** 4 25.0
Large dose group of the Rabdosia rubescens total flavonoids 12 200 1.8 ± 0.7** 4 25.0
Middle dose group of the Rabdosia rubescens total flavonoids 12 100 2.0 ± 0.6** 4 25.0
Small dose group of the Rabdosia rubescens total flavonoids 11 50 2.2 ± 0.6** 5 31.2

* Contrast model group P < 0.05.
** Contrast model group P < 0.01.

Table 2
Effect on rat model of focal cerebral ischemia cerebral homogenate NO and NOS activity (�x� s).

Group n Dose (mg/kg) NO (lmol/gprot) NOS (U/mgprot)

Sham operation group 16 3.11 ± 0.26** 0.52 ± 0.09**

Model group 10 9.17 ± 1.37 1.26 ± 0.12
Nimodipine group 11 20 6.26 ± 0.94** 0.93 ± 0.11**

Cerebral collateral group 12 500 6.00 ± 1.04** 0.84 ± 0.10**

Large dose group of the Rabdosia rubescens total flavonoids 12 200 4.55 ± 0.41** 0.69 ± 0.08**

Middle dose group of the Rabdosia rubescens total flavonoids 12 100 5.54 ± 0.76** 0.76 ± 0.08**

Small dose group of the Rabdosia rubescens total flavonoids 11 50 6.37 ± 0.72** 0.86 ± 0.12**

Table 3
Effect on rat model of focal cerebral ischemia cerebral homogenate MDA and SOD activity (�x� s).

Group n Dose (mg/kg) MDA (U/mgprot) SOD � 102 (nmol/mgprot)

Sham operation group 16 3.74 ± 0.33** 2.37 ± 0.21**

Model group 10 7.28 ± 0.59 1.53 ± 0.10
Nimodipine group 11 20 5.05 ± 0.45** 1.88 ± 0.14**

Cerebral collateral group 12 500 5.46 ± 0.83** 1.98 ± 0.21**

Large dose group of the Rabdosia rubescens total flavonoids 12 200 3.87 ± 0.33** 2.10 ± 0.12**

Middle dose group of the Rabdosia rubescens total flavonoids 12 100 4.66 ± 0.24** 2.07 ± 0.09**

Small dose group of the Rabdosia rubescens total flavonoids 11 50 5.32 ± 0.49** 1.95 ± 0.12**
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3.4. The effect of the Rabdosia rubescens total flavonoids on the
activity of ATP in brain homogenate of rats with focal cerebral
ischemia model, see Table 4

From table seen, and sham operation group than in model
group, the rats in the brain tissue of Na+, K+-ATPase, enzyme
Mg2+-ATP, Ca2+-ATP enzyme activity significantly decreased
(P < 0.01), the description of rat focal cerebral ischemia and reper-
fusion model was done successfully; and model group ratio, large,
medium and small dose of Rabdosia rubescens total flavone group,
nimodipine group and brain collaterals through group rat brain
Na+, K+-ATPase, enzyme Mg2+-ATP, Ca2+-ATP enzyme activity were
significantly increased (P < 0.01).
Table 4
Effect on rat model of focal cerebral ischemia brain homogenate ATP activity (�x� s).

Group n Dose
(mg/k

Sham operation group 16
Model group 10
Nimodipine group 11 20
Cerebral collateral group 12 500
Large dose group of the Rabdosia rubescens total flavonoids 12 200
Middle dose group of the Rabdosia rubescens total flavonoids 12 100
Small dose group of the Rabdosia rubescens total flavonoids 11 50
3.5. Effects of the Rabdosia rubescens total flavonoids on brain
homogenate TNF- alpha and IL-1 beta in rats with focal cerebral
ischemia model, see Table 5

From the table seen, sham operation group ratio, model group
rats in ischemic brain tissue TNF alpha and IL-1 beta content
increased significantly (P < 0.01), indicating that in rats with focal
cerebral ischemia and reperfusion model success; and model group
ratio, large, medium and small dose of Rabdosia rubescens total
flavonoids group, nimodipine group and brain collaterals group
were significantly decreased in rat brain tissue TNF alpha and IL-
1 beta in (P < 0.01).
g)
Na+-K+-ATPenzyme
(umolPi/mgprot/h)

Mg2+-ATPenzyme
(umolPi/mgprot/h)

Ca2+-ATPenzyme
(umolPi/mgprot/h)

10.82 ± 0.83** 8.13 ± 0.66** 12.39 ± 1.07**

5.16 ± 0.74 4.03 ± 0.67 7.24 ± 0.74
6.76 ± 0.81** 5.46 ± 0.49** 9.14 ± 0.64**

7.08 ± 0.77** 6.17 ± 0.86** 9.40 ± 0.96**

9.50 ± 0.43** 6.94 ± 0.26** 10.86 ± 0.39**

8.53 ± 0.44** 6.46 ± 0.47** 9.97 ± 0.60**

7.77 ± 0.39** 5.36 ± 0.37** 9.23 ± 0.77**



610 M. Miao et al. / Saudi Pharmaceutical Journal 25 (2017) 607–614
3.6. Effects of Rabdosia rubescens total flavonoids on ICAM-1 and
serum levels of S-100b in brain homogenate of rats with focal cerebral
ischemia model, see Table 6

From the table seen, Compared with sham operated group, In
model group, the content of ICAM-1 and the content of serum S-
100b were significantly increased in the ischemic side of the rats
(P < 0.01), indicating the focal cerebral ischemia and reperfusion
model success; and model group ratio, large, medium and small
dose groups of the Rabdosia rubescens total flavonoids, nimodipine
group and brain collaterals group were significantly decreased in
brain tissue ICAM-1 content and serum S-100 beta content
(P < 0.01).
3.7. Effect of the Rabdosia rubescens total flavonoids on the
pathological changes of cerebral cortex in rats with focal cerebral
ischemia model in Table 7, Fig. 1

The Ridit test, and sham operation group ratio, ischemia/reper-
fusion group have significantly statistical significance (P < 0.01),
indicating a successful model. Compared with the model group,
large, in small doses group of Rabdosia rubescens total flavonoids
have significantly statistical significance (P < 0.01), and brain col-
lateral group had obvious statistical significance (P < 0.05), indicat-
ing the improved brain injury.

Pathological observation of rats in each group: the sham opera-
tion group was basically normal, and the glial cells were normal. In
model group, most of the cerebral cortical neurons were degener-
ated, and most of the glial cells were Nimodipine group rats cere-
bral cortex neurons decreased and degeneration of glial cells
increased, and most of them were normal. In the cerebral cortex
of rats, the degeneration or atrophy of the cerebral cortex neurons
was normal. In the high dose of the total flavonoids of the total fla-
vonoids in the rats of the total flavonoids of the rat brain, most of
the cerebral cortex neurons were basically normal, and the glial
cells were basically normal. In the middle dose of the total flavo-
noids of the rats in the group the total flavonoids of the cerebral
cortex of the rat are basically normal, and glial cells are basically
normal. In the small dose of the total flavonoids in the rats, the
total flavonoids of the rat cerebral cortex nerve cells were in the
state, the glial cell part of the solid shrinkage.
3.8. The effect of the Rabdosia rubescens total flavonoids on the
pathological changes of brain tissue in rats with focal cerebral
ischemia model in the hippocampal neuronal nuclei was shown in
Table 8, Fig. 2

The Ridit test, and sham operation group compared to ischemia
reperfusion group have significantly statistical significance
(P < 0.01), indicating a successful model. Compared with the model
group, large, and small dose group of Rabdosia rubescens total fla-
vonoids have significantly statistical significance (P < 0.01)..

Most of pathological observation of brain tissue of rats hip-
pocampus nerve nuclei results: In sham operation group rats brain
Table 5
Effects of TNF- alpha and IL-1 beta on brain homogenate in rats model with focal cerebra

Group n

Sham operation group 16
Model group 10
Nimodipine group 11
Cerebral collateral group 12
Large dose group of the Rabdosia rubescens total flavonoids 12
Middle dose group of the Rabdosia rubescens total flavonoids 12
Small dose group of the Rabdosia rubescens total flavonoids 11
nerve nuclei of cells is basic and normal, and glial cells is basic and
normal; in model group rats brain nerve nucleus cell degenerate,
glial cells most solid shrinkage; in nimodipine group rat brain
nerve nucleus cell degenerate, glial cells pyknosis; in brain collat-
erals group rat brain nerve nucleus cell degenerate with edema,
glial cells pyknosis; winter rubescens total flavonoids in high dose
group rats brain nerve nuclei of cells is basic and normal, glial cells
was normal; winter rubescens total flavonoids in dose group rats
brain nerve nuclei of cells is basic and normal, and glial cell is
matrix, this is normal; the total flavonoids in the small dose group
of the total flavonoids in the brain of the rat brain tissue nucleus
cells of individual degenerate, and glial cells are basically normal.
4. Discussion

Ischemic cerebrovascular disease, as a common clinical disease,
which has the characteristics of high incidence, high disability rate
and high fatality rate, can seriously harm the health of the elderly
population. It was rated as one of ‘‘the three major killers” in the
developed countries in Europe and the United States (Jiang et al.,
2016). According to the World Health Organization (WHO), China’s
annual new ischemic cerebral vascular disease in patients is about
200 million, about 75% of the survivors have movement, aphasia
and cognitive dysfunction, and severe disability is about 40%. It is
a heavy burden to the family and the society (Jia et al., 2010).
Inhibiting the ischemia and reperfusion injury has become the
key link in the treatment of ischemic cerebrovascular diseases.

Modern research shows that superoxide anion free radical,
apoptosis, inflammation, calcium overload, are involved in the
cerebral ischemia reperfusion injury incidence. But the platelet
aggregation inhibitors, calcium channel block agent medicine has
more side effects, while targeted was not so strong that is why
the application of chemicals is limited. Chinese medicine holds that
ischemia reperfusion injury is a ‘‘stroke” category, deficiency of
vital energy and blood stasis is one of the main pathogeneses of
ischemic stroke. Modern studies suggest that the body’s blood
can’t flow smoothly, resulting in thrombosis, causing the expres-
sion of inflammatory molecules and inflammatory cells aggrega-
tion, making for neurotoxicity and nerve damage. Therefore,
activating blood circulation and Clearing away heat and toxic
material is an important treatment for cerebral ischemic diseases
in Chinese medicine (Hu et al., 2010). Rabdosia Labiatae for dry
Herba Rabdosiae rubescentis on the part, was bitter, sweet, slightly
cold, Activating blood circulation and Clearing away heat and toxic
material effect, promoting blood circulation and relieving pain.
Modern pharmacological research shows that Pubescent Holly
Root with the protective effect of brain tissue can clear free radi-
cals, inhibit inflammatory reaction, reduce the area of cerebral
infarction, and reduce the brain damage.

The cerebral vascular anatomy and function of SD rats are sim-
ilar to human. Cheap and easy to get, strong anti infection ability
and so on. SD male rats were used as experimental animals in
the preparation of cerebral ischemia reperfusion model Kong and
Zhang, 2013). Currently, the commonly used thread embolism
l ischemia (�x� s).

Dose (mg/kg) TNF-a (ng/ml) IL-1b (ng/ml)

9.61 ± 0.90** 10.50 ± 0.69**

23.43 ± 1.24 30.19 ± 2.40
20 16.26 ± 1.16** 19.26 ± 1.26**

500 14.98 ± 1.06** 18.74 ± 1.35**

200 11.78 ± 0.89** 12.09 ± 0.98**

100 12.97 ± 1.32** 14.58 ± 1.10**

50 14.31 ± 0.98** 16.20 ± 0.96**



Table 6
Effects of ICAM-1 on S-100b and serum levels of brain homogenate in rats with focal cerebral ischemia (�x� s).

Group n Dose (mg/kg) ICAM-1 (ng/ml) S-100b (ng/ml)

Sham operation group 16 14.17 ± 1.02** 10.52 ± 0.57**

Model group 10 29.13 ± 1.13 29.23 ± 0.71
Nimodipine group 11 20 20.44 ± 1.11** 18.38 ± 1.04**

Cerebral collateral group 12 500 19.55 ± 0.83** 17.63 ± 1.08**

Large dose group of the Rabdosia rubescens total flavonoids 12 200 15.49 ± 0.75** 13.91 ± 0.73**

Middle dose group of the Rabdosia rubescens total flavonoids 12 100 18.02 ± 0.14** 16.10 ± 0.72**

Small dose group of the Rabdosia rubescens total flavonoids 11 50 19.38 ± 1.17** 18.33 ± 0.87**

Table 7
Pathological changes of focal cerebral ischemia reperfusion in rats.

Group n Dose (mg/kg) � + ++ +++

Sham operation group 16 11 1 0 0
Model group 10 0 0 0 1 9
Nimodipine group 11 20 0 0 5 6
Cerebral collateral group 12 500 2 3 2 5
Large dose group of the Rabdosia rubescens total flavonoids 12 200 8 4 0 0
Middle dose group of the Rabdosia rubescens total flavonoids 12 100 8 4 0
Small dose group of the Rabdosia rubescens total flavonoids 11 50 1 4 6 0

‘‘�” with normal nerve cells, glial cells were basically normal; ‘‘+” a few nerve cell degeneration, glial cells were normal; ‘‘++” most of the neural cells degeneration, with
normal glial cells or partial condensation; ‘‘+++” all nerve cell degeneration, glial cell condensation or disappear. According to semi quantitative standards experimental
animals in each group were measured.
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method was used in the experiment made bureau foci of cerebral
ischemia reperfusion model can not only simulate different states
of human permanent and transient Bureau focal cerebral ischemia,
but also can accurately control ischemia and reperfusion time. In
preclinical studies, (Fishcr et al., 2009) the evaluation of the animal
model using the neural behavior score is an important basis for
judging the efficacy of the drug, and is also one of the most impor-
tant indicators of the observation of drug research (Luo et al., 2016;
Peng et al., 2012). According to longa’s score standard, the mark of
success model for the surgery, the rats after anesthesia are sober
left hemiparesis, standing instability, tail, circling to the side.

In the study by Wang et al. (2015) ischemic brain injury is a
complex pathological cascade process, which is very easy to cause
the disorder of energy metabolism (Huang et al., 2015; Pendlcbury
et al., 2009). Cerebral ischemia and reperfusion appear microcircu-
lation, inadequate supply of oxygen and glucose, ATP is rapidly
depleted, mitochondrial ATP synthase failure, resulting in ATP
dependent enzymes (including Ca2+ATP enzyme and Na + -K+-
ATPase enzyme activity decreased, resulting in a massive outflow
of intracellular K+, Na+, Cl- and Ca2+ large inflows of cells, resulting
in intracellular and extracellular ion imbalance. Brain tissue cells
are very sensitive to oxidative stress, and oxidative stress injury
after ischemia–reperfusion is the key link of tissue and cell damage
(Peng et al., 2012). Superoxide dismutase (SOD) is by getting rid of
ischemia and reperfusion (I/R) injury of the brain is done a lot of
superoxide anion free radicals, thereby protecting cells and tissue
free oxidation stress. Activity in the organization, is often used as
scavenging oxygen free radicals of the main indicators; MDA is
inside the body, a product of lipid peroxidation, and malondialde-
hyde (MDA) content can reflect the level of oxygen free radicals in
the generation and indirectly reflect the damage degree of the cell
membrane.

Cerebral ischemic injury causes a series of cascade reactions,
and the inflammatory response is one of the important mecha-
nisms of ischemia reperfusion injury (Ahmad et al., 2014). At the
early stage of ischemia, a large number of inflammatory cells are
activated, releasing of cytokines, chemotactic factor and matrix
metalloproteinase inflammatory mediators, thereby promoting
neutrophil cells migrate to the brain ischemic area, ultimately
increasing the death of neurons and the whole brain injury (Tao
et al., 2016; Amantea et al., 2015). Cerebral ischemia reperfusion
by triggering TNF-a, IL-1, two key cytokine releases, triggering a
series of leukocyte infiltration and inflammatory cytokine expres-
sion of inflammatory reaction activation is caused by an important
pathological mechanism of brain injury (Chen et al., 2016; Liu
et al., 2016; Khaliq et al., 2016; Zwagerman et al., 2010). NO has
the function of neurotransmitter or neuromodulator. The excessive
production of NO after cerebral ischemia reperfusion can activate
guanine nucleotide cyclase, which further result in DNA damage
and mediated neurotoxicity.

ICAM-1 in cerebral ischemia reperfusion injury through the
white blood cells and endothelial cell adhesion leads to vascular
blockage, and no reflow phenomenon occurred, aggravated
ischemic brain damage (Zhao and Ashraf, 2016; Xie et al., 2016;
Sun et al., 2012). S100-beta protein is considered to be a marker
of glial cells, which can promote neuronal differentiation, axon
growth, glial proliferation and the stability of intracellular calcium
(Feng et al., 2016; Kaca-Orynska et al., 2010). When ischemia and
hypoxia and other factors cause the blood brain barrier damage,
S100-beta can damage the blood brain barrier to enter the blood
circulation. Therefore, the serum levels of S100-protein can be a
reference to determine the degree of brain damage and prognosis.

Acute cell necrosis and apoptosis in brain tissue induced by
cerebral ischemia reperfusion is the direct cause of acute cerebral
ischemic injury. Rain hippocampus, cortical area is the most vul-
nerable part of the brain ischemic animals. Brain glial cells espe-
cially astrocytes were activated by proliferation, synthesis and
secretion of neurotrophic factors, maintaining cell and sediment
transport and acid-base balance and metabolism of neurotransmit-
ters, on neuronal damage repair has an important role when cere-
bral ischemia occurred.

It is a new idea to treat focal cerebral ischemia by activating
blood circulation and clearing away heat and toxic material drugs,
which can reduce the inflammatory damage, the secondary reac-
tion of cerebral ischemia, induce ischemic tolerance, and finally
protect the brain tissue. Rabdosia rubescens has anti-
inflammatory and detumescence, sterilization, vascularization,
pharmacological activity of anticancer.
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Fig. 1. HE staining of the cortical areas of the cerebral cortex after focal cerebral ischemia reperfusion model in rats.

Table 8
The results of semi quantitative analysis of the pathological changes of brain tissue in hippocampus of rat model of focal cerebral ischemia.

Group n Dose (mg/kg) � + ++ +++

Sham operation group 16 11 1 0 0
Model group 10 0 0 3 7
Nimodipine group 11 20 0 1 2 8
Cerebral collateral group 12 500 0 1 2 9
Large dose group of the Rabdosia rubescens total flavonoids 12 200 7 4 1 0
Middle dose group of the Rabdosia rubescens total flavonoids 12 100 7 4 1 0
Small dose group of the Rabdosia rubescens total flavonoids 11 50 6 4 1 0

‘‘�” with normal nerve cells, glial cells were basically normal; ‘‘+” a few nerve cell degeneration, glial cells were normal; ‘‘++” part of the nerve cell degeneration, with normal
glial cells or partial condensation; ‘‘+++” all nerve cell degeneration, glial cell condensation or disappear.
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Photo 8 sham operation 

group HE * 400.

Photo 9 model group 

hippocampus HE * 400.

Photo10 nimodipine group 

HE * 400.

Photo 11 Cerebral 

collaterals group HE * 400.

Photo 12 high dose group of 

the Rabdosia rubescens total 

flavonoids in the 

hippocampus HE * 400.

Photo 13 Middle dose group 

of the Rabdosia 

rubescenstotal flavonoids in 

the hippocampus HE * 400.

Photo 14 Small dose group 

of the Rabdosia rubescens 

total flavonoids in the 

hippocampus HE * 400.

Fig. 2. The HE staining of the hippocampal neurons in the rat model of focal cerebral ischemia reperfusion model in rats.
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5. Conclusions

As the experimental results suggest, compared with the model
mice, Rabdosia rubescens total flavonoids can significantly relieve
the injury of brain in hippocampus and cortex nerve cells; exper-
imental rat focal cerebral ischemia was to improve again perfu-
sion model of nerve function defect score mortality;
significantly reduce brain homogenate NOS activity and no con-
tent, MDA, IL-1, TNF-a, ICAM-1 content; increase in brain homo-
genate SOD and ATPase activity (P < 0.05, P < 0.01); reduce the
serum S-100b protein content. Total flavonoids of the herb can
inhibit the inflammatory response after ischemia, and improve
the inflammatory response of a series of cascade reaction media
and cytokines, which play a protective role in cerebral ischemia
reperfusion injury. This study gives a better basis of pharmacolog-
ical effects of Rabdosia rubescens treatment Bureau focal cerebral
ischemia resistant disease, and offers the guidance for the deep
research of clinical heat clearing, detoxifying, promoting blood
circulation and removing blood stasis drugs for treatment of cere-
bral ischemia reperfusion injury, meanwhile providing experi-
mental basis for the development of future rabdosia herb and
product.
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