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ABSTRACT 

The aim is to study the neuroprotection and optimize the therapeutic dose and time window of picroside II by orthogonal 
test in cerebral ischemic injury in rats. The forebrain ischemia models were established by bilateral common carotid artery 

occlusion (BCCAO) methods. The successful models were randomly grouped according to orthogonal experimental 
design and treated by injecting picroside II intraperitonenally with different dose at different ischemic time. The concents of 
neuron-specific enolase (NSE), neuroglial marker protein S100B and myelin basic protein (MBP) in brain tissue were 
determined by enzyme linked immunosorbent assay to evaluated the therapeutic effect of picroside II in cerebral ischemic 
injury. The Results proved that the best therapeutic time window and dose of picroside II in cerebral ischemic injury were 

(1) ischemia 1.5h with 10mg/kg
 
body weight according to the concentration of NSE in brain tissue; (2) ischemia 1.5h with 

20mg/kg according to the concentration of S100B; and (3) ischemia 1.5h with 10mg/kg according to the concentration of 
MBP. It is Concluded that the optimized therapeutic dose and time window is injecting picroside II intraperitonenally with 
10-20mg/kg body weight at ischemia 1.5h in cerebral ischemic injury in rats according to the principle of lowest therapeutic 
dose with longest time window. 
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INTRODUCTION 

Neuron-specific enolase (NSE) is an acidic protease and located specifically in neurons and neuroendocrine cells[1], 
which takes part in forming and repair process of membrane structures of brain tissue [2]. Hatfield et al.[3] demonstrated 
that NSE level in cerebrospinal fluid of rats with cerebral ischemic injury was positive correlated with infarct size and it was 
a marker of cerebral ischemic injury[4]. A traditional Chinese medicine, Shuxuetong injection has the remarkable neuronal 
protective effect and can obviously decrease the serum NSE level [5]. Neuroglial marker protein S100B is an acidic Ca2+-
binding protein that has several regulatory roles in many functional events and processes such as cell proliferation, 
cytoskeletal structure regulation. When S100B exists between cells, it could stimulate the expression of inflammatory 
reaction factor and induce neuronal apoptosis [6]. Animal experiments indicated that S100B expression increased 
significantly one hour of ischemia and related to cerebral ischemia degree level[7]. Myelin basic protein (MBP) is localized 
in Schwann cell cytoplasm and myelin sheaths of the grigeminal ganglion[8].Without enough MBP can induce 
dysmyelination and MBP level can be indicative of the extent of myelin injury[9]. Animal experiments [10] showed that 
there was little expression of MBP mRNA in a normal adult rat brain. The relative levels of MBP mRNA decreased after 
ischemia, and recovered gradually at the time went by. Author's former research indicated that injecting picroside II 
intraperitonenally with 10-20mg/kg body weight at ischemia 1.5h in rats might reduce the expressions of NSE to inhibit the 
neuronal apoptosis induced by cerebral ischemia reperfusion injury and improve the neurological function of rats[11-14]. 

Because of the fact that neurological scores and immunohistochemical staining are easily influenced by subjective factors, 
the authors aimed to further explore the optimal therapeutic dose and time window of picroside II injecting intraperitoneally 
in cerebral ischemic injury in rats according to the quantitative measurement of NSE, S-100 and MBP level in brain tissue 
by enzyme linked immunosorbent assay. 

 MATERIALS AND METHODS 

1. Animal models 

A total of 30 adult healthy male Wistar rats, SPF grade, weight 230–250 g, were supplied by the Experiment Animal 
Center of Qingdao Drug Inspection Institute (SCXK (LU) 20100010). Five rats were randomly selected as a sham-
operation group, and the remaining 25 rats were used to establish cerebral ischemic models. All animals were given time 
to adapt to the laboratory environment, allowed free access to food and water in a temperature and humidity-controlled 
housing with natural illumination for a week, and fasted 12 h before operation. The rats were anesthetized by injecting 
intraperitoneally 10% chloral hydrate (300 ml/kg) and fixed in supine position to conduct aseptic operation. Global 
forebrain ischemia models were established by bilateral common carotid artery occlusion (BCCAO) of rats[15]. Core body 
temperature was checked by a rectal probe and maintained at 36–37 °C. Twenty-one successful global forebrain ischemia 
model rat models were internalized into the experiment group (four rats that unconsciousness or dead 2 hours after 
operation were excluded). The rats in the sham operation group underwent the same surgical procedures except BCCAO 
operation. 

2. Orthogonal Experimental Design 

Total of (16×3) successful BCCAO models in treatment group were randomly grouped based on the orthogonal 
experimental design of [L16(45)] which contained two influential factors with four influential levels (Table 1). The 
medication time window, which was designed four levels at ischemia 1.0h, 1.5h, 2.0h, 2.5h, is the influential factor A. The 
influential factor B is the drug dosage, which was designed to inject picroside II at the dose of 5mg/kg, 10mg/kg, 20mg/kg 
and 40mg/kg (Table 1).   

3. Treatment of picroside II 

Picroside II (Tianjin Kuiqing Medical Technology Co., Ltd., CAS No: 39012-20-9, purity >98%, Molecular formula: 
C23H28O13, Molecular weight: 512.48) was diluted into 1% solution with saline solution and injected intraperitoneally 
according to the corresponding designed doses and ischemia time in the orthogonal layout [L16(45)]. Rats in sham group 
were simultaneously suffered the same doses saline solution.  

Table 1. Orthogonal experimental design of [L16(4
5)]  

Therapeutic 

dose 

Ischemia 

1.0h (A1) 

Ischemia 

1.5h (A2) 

Ischemia 

2.0h (A3) 

Ischemia 

2.5h (A4) 

5mg/kg(B1) 1.0×5 1.5×5 2.0×5 2.5×5 

10mg/kg(B2) 1.0×10 1.5×10 2.0×10 2.5×10 

20mg/kg(B3) 1.0×20 1.5×20 2.0×20 2.5×20 

40mg/kg(B4) 1.0×40 1.5×40 2.0×40 2.5×40 
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4. Specimen collection 

After treatment with picroside II for 24h, total of rats were anesthetized with 10% chloral hydrate (300 ml/kg), and were 
perfused with 200ml saline solution through heart. The brain was taken out completely through fast craniotomy and the 
olfactory bulb and prefrontal brain tissue were excised. Five hundreds milligram brain tissue were prepared backward from 
optic chiasma (Bregma 0.00mm), grinded to power in pre-cooling mortar and then homogenized by ultrasonic wave to 
extract cellular proteins with lysis buffer (500ul lysis buffer + 5ul PMSF, No.P0013, Beyotime Institute of Biotechnology. 
Shanghai, China) according to the proportion of 1:3, centrifuged  with  refrigerated centrifuge (Model Eppendorf 5801, 
Germany) at 12,000 r/min for 10 min at 4℃. The supernatant liquid was collected and stored at −20℃. The protein 
concentration in the supernatant was determined by the BCA method (Wuhan boster Biological Engineering Co., Ltd., 
China). 

5. Enzyme Linked Immunosorbent Assay (ELISA) 

The NSE (E02N0025), S100B(E02S0042)and MBP(E02M0034) levels of brain tissue homogenate were measured using 
an enzyme-linked immunosorbent assay (ELISA) Kit (BlueGene Biotech. Co. Ltd.). Before the measurement, samples 
were resolved at room temperature and centrifuged again. The 100ul supernatant liquid was collected. The experimental 
procedures were as follow: The microtiter plate coated with NSE, S100B and MBP specific antibody were prepared before 
starting assay procedures. Firstly, we secured the desired number of coated wells in the holder and added 100ul of 
standards or samples to the appropriate well of the antibody pre-coated microtiter plate. A hundred microlitre samples 
(100 ul) were added to blank well and 100 ul distilled water was added to blank control well. Fifty microlitre (50 ul) of 
enzyme marking solution was added to each well (not include blank control well), mixed thoroughly, sealed and incubated 
for 1 h at 37 °C. The microtiter plate was washed five times with wash buffer and bloted on absorbent paper to remove 
any residual buffer. Fifty microlitre (50 ul) of substrate A and B was added to each well, sealed and incubated for 10 
minutes at 25 °C. Finally, 50 ul of stop solution was added to each well, thoroughly mixed. Read optical density (O.D.) with 
microtiter plate reader (Model Bio-Rad 680, USA) at 450 nm within 30 minutes of adding stop solution. The standard curve 
is generated by plotting O.D. on the vertical (Y) axis versus the corresponding concentration on the horizontal (X) axis. 
The concentration of the samples can be determined from the standard curve. The sensitivity by this assay is 1.0 ng/ml. 

6. Statistical Analysis 

Apply SPSS 17.0 software to analyze data. In order to compare whether there were significant differences among different 
medication time and drug dose, whether there were significant differences between different interactions on detected 
indexes, as well as to explore the optimal drug dose and treatment time, multiple comparison was made. 

RESULTS 

1. Measurement Results  

The contents of NSE and S100B in brain tissue of experimental group were increased significantly than those in sham-
operated group (t=22.38-37.04, P<0.01). The contents of MBP in experimental group were obviously decreased than that 
in sham-operated group (t=2.33, P<0.05). After treatment, the contents of NSE and S100B were obviously decreased than 
those in experiment group (t=2.79-5.97, P<0.05). The content of MBP in brain tissue were increased than that in 
experimental group (t=3.91, P<0.05). 

Table 2  The results of AQP4, MMP9 and COX2 (ng/ml) 

groups n NSE S100B MBP 

Sham group 5 5.415±0.546 0.443±0.064 0.434±0.060 

Model group 5 9.410±0.620
 a
 0.821±0.086

 a
 0.212±0.030

 a
 

Treatment group 16 7.404±1.328
 b
 0.623±0.151

 b
 0.305±0.099

 b
 

       
 

a
 Compare with sham-operated group, P<0.01; 

b 
compare with model group, P<0.01 

2.  Result Analysis of NSE 

There was significant difference (P<0.05) of NSE content of ischemia brain tissue among various medication time (factor 
A), various therapeutic dose (factor B) and various interaction between medication time and therapeutic dose (factor C). 
Pairwise comparisons among data of all independent groups by least-significant-difference (LSD) method showed that no 
significant difference ( P > 0.05) of NSE content between medication time 1.0h (A1) and 1.5 h (A2), 1.0 h (A1) and 2.0 h 
(A3), while there was significant difference between each other for the rest groups (P < 0.05). There was no significant 
difference of NSE content between therapeutic dose 5mg/kg (B1) and 40mg/kg (B4), 10mg/kg (B2) and 20mg/kg (B3) (P > 
0.05), but a significant difference existed between each other for the rest groups (P < 0.05). Therefore, according to the 
principle of lowest therapeutic dose with longest time window, A2B2 maybe the best combination group, i.e., the optimized 
therapeutic dose and time window should be injecting picroside II intraperitonenally with 10mg/kg body weight at ischemia 
1.5h. 
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Table 3  ANOVA of NSE Content 

Variation source SS df MS F P 

Ischemia time 18.082 3 6.027 42.73 0.01 

Therapeutic dose 5.357 3 1.786 12.66 0.01 

Time×Dose 2.158 3 0.719 5.10 0.04 

Error 0.846 6 0.141   

 

3. Result Analysis of S100B 

There was significant difference (P<0.05) of S100B content of ischemia brain tissue among various medication time (factor 
A) or among various therapeutic dose (factor B), but no significant difference (P>0.05) found among various interaction 
between medication time and therapeutic dose (factor C). Pairwise comparisons among data of all independent groups by 
LSD method indicated that no significant difference ( P>0.05) of S100B content between medication time 1.0h (A1) and 2 
h (A3), while there was significant difference between each other for the rest groups (P<0.05). There was significant 
difference ( P<0.05)of S100B content between therapeutic dose 5mg/kg (B1) and 10mg/kg (B2), 5mg/kg (B1) and 
20mg/kg (B3), but no significant difference existed between each other for the rest groups (P>0.05). Therefore, according 
to the principle of lowest therapeutic dose with longest time window, A2B3 is the best combination group, i.e., the 
optimized therapeutic dose and time window is injecting picroside II intraperitonenally with 20mg/kg body weight at 
ischemia 1.5h. 

Table 4  ANOVA of S-100B Content 

Variation source SS df MS F P 

Ischemia time 0.294 3 0.098 70.73 0.01 

Therapeutic dose 0.022 3 0.007 5.39 0.04 

Time×Dose 0.016 3 0.005 3.76 0.08 

Error 0.008 6 0.001   

 

4. Result Analysis of MBP 

There was significant difference (P<0.05) of MBP content of ischemia brain tissue among various medication time (factor 
A), but no significant difference (P>0.05) among various therapeutic dose (factor B) or among various interaction between 
medication time and therapeutic dose (factor C). Pairwise comparisons among data of all independent groups by LSD 
method showed that no significant difference (P>0.05) of MBP content between medication time 1.0h (A1) and 2 h (A3), 
1.5 h (A2) and 2.0 h (A3), while there was significant difference between each other for the rest groups (P < 0.05). There 
was significant difference of MBP content between therapeutic dose 5mg/kg (B1) and 10mg/kg (B2) (P < 0.05), but no 
significant difference between each other for the rest groups (P>0.05). Therefore, according to the principle of lowest 
therapeutic dose with longest time window, A2B2 is the best combination group, i.e., the optimized therapeutic dose and 
time window is injecting picroside II intraperitonenally with 10mg/kg body weight at ischemia 1.5h. 

Table 5  ANOVA of MBP Content 

Variation source SS df MS F P 

Ischemia time 0.090 3 0.030 11.83 0.01 

Therapeutic dose 0.018 3 0.006 2.43 0.16 

Time×Dose 0.022 3 0.007 2.90 0.12 

Error 0.015 6 0.003   

 

There was significant probability between the different levels of influential factors A (therapeutic time window) on the 
content of MDA in brain tissue (P < 0.01), but no significant difference found in the influential factor B (drug dose) and 
influential factor C (time-dose interaction) (P>0.05). This indicated that the different therapeutic time window (or cerebral 
ischemia time) influenced significantly the content of MDA in brain tissue after cerebral ischemia injury, while no significant 
influences existed in the picroside II drug dose and the interactions of therapeutic time window and drug dose. All data 
were compared in pairs by the way of LSD-t test and the further analysis under the significance level of 0.05 revealed that 
the differences on the content of MDA in brain tissue between 1.0 (A1) and 2.5h(A4), 1.5h (A2) and 2.5h (A4) were 
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statistically significant, but no note deviations was found between any other medication time levels. No significant 
difference was found among the different levels of drug dose (P>0.05). According to the principle of lowest drug dose with 
longest time window, the best combination is A2B2 (1.5h/10mg), or the best time window is ischemia 1.5h and the best 
drug dose is 10mg/kg. 

4. DISCUSSION 

Enolases are divided into five kinds of isozymes as follows: type αα, ββ, γγ, αβ and αγ, of which γγ enolases, frequently 
designated as neuron-specific enolases (NSE), are located mainly in neurons and neuroendocrine cells. NSE has a 
molecular weight of 78 kDa and its active site is mainly located in the three dimensional structure of γ subunit[16]. 
Normally, the content of NSE in brain tissue or cerebrospinal fluid is low. Cerebral ischemia or cerebral anoxia increases 
the expression of NSE mRNA. The more serious brain tissue or neuron injury, the more NSE released to blood circulation. 
Therefore, NSE level in cerebrospinal fluid or serum is a marker enzyme of cerebral ischemic injury diagnosis and severity 
of brain tissue injury [17]. S100B is mainly localized in neural astrocytes and Schwann cells[18]. During brain damage, 
amount of active S100B protein is released from astrocytes and the serum levels of S100B are positively correlated with 
multiple forms of CNS damage[19]. Results in vitro culture of spongiocyte suggested that high concentrations of S100B in 
culture solution can modulate microglia/astrocyte activity by decreasing their neuroprotective action and modifying 
microglia/astrocyte interaction through inhibiting glial-derive growth factors [20]. Over-expression of human S100B 
aggravated brain damage after permanent middle cerebral artery occlusion in transgenic mice[21]. MBP is a major myelin 
protein component, and is responsible for the compaction of the myelin sheath. It is induced in response to collateral 
axonal sprouting in CNS of human adult. Normally, the MBP content in cerebrospinal fluid is less than 6.95mg/L. During 
cerebral ischemic injury, cerebral hypoxia -ischemia serve as a stimulus for the increased MBP expression [22]. Our 
results suggested that the contents of NSE and S100B in brain tissue of experiment group were increased significantly 
than those in sham-operated group, while the content of MBP in experiment group were significantly decreased than that 
in sham-operated group. This phenomenon indicates that the expression of NSE and S100B is increased after brain 
ischemic injury and is released into the blood circulation because of cerebral ischemia injuring the blood-brain barrier. 
After treatment with picroside II, the content of NSE and S100B were obviously decreased than those in experimental 
group, and the content of MBP in brain tissue were increased than those in experimental group, which reflects the 
neuroprotective effects of picroside II on cerebral ischemia and blood-brain barrier.  

In this experiment, the authors designed four time points at 1 h, 1.5 h, 2 h and 2.5 h after brain ischemic injury in rats, and 
inject intraperitoneally picroside II with four therapeutic doses of 5 mg/kg, 10 mg/kg, 20 mg/kg and 40 mg/kg. The 
experiment was carried out according to orthogonal table of [L16(45)] to explore the best therapeutic dose and best time 
window of picroside II in treating cerebral ischemic injury by determining the expressions of NSE, S100B and MBP. The 
results indicate that there is significant difference in therapeutic effect among various medication times and various 
therapeutic doses of picroside II. But the results are not consistent with the best combination of different indexes. 
According to the principle of lowest therapeutic dose with longest time window, A2B3 maybe the best combination group, 
i.e., the optimized therapeutic dose and time window should be injecting picroside II intraperitonenally with 10-20mg/kg 
body weight at ischemia 1.5h. Because the mechanism of cerebral ischemic injury is very complicated and only above 
indexes was observed in this experiment, it is impossible to be no deviation in results. Therefore, in combination with other 
indexes the exact action mechanism of picroside II and the best medication time window and therapeutic dose need to be 
further studied in further experiments. 

CONCLUSIONS 

From the principle of lowest therapeutic dose with longest time window, the optimized therapeutic dose and time window is 
injecting picroside II peritonenally with 10-20mg·kg-1 at 1.5h after cerebral ischemia. 
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