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To optimize the antioxidant effect and the best therapeutic dose and time window of picroside ⅡⅡⅡⅡin 

cerebral ischemic injury in rats by orthogonal test. The forebrain ischemia models were established by 
bilateral common carotid artery occlusion (BCCAO) methods. The successful rat models were randomly 
divided into 16 groups according to orthogonal experimental design of [L16(4

5
)] and treated by injecting 

picroside ⅡⅡⅡⅡ intraperitoneally with different doses at various times. The concentrations of 

malondialdehyde (MDA), nitric oxide (NO) and hydrogen per oxide (H2O2) in serum and brain tissue were 
respectively determined by thiobarbituric acid assay, nitratase reductase assay and 
chemiluminescence’s immunoassay. The optimized compositions of the therapeutic dose and time 

window of picroside ⅡⅡⅡⅡ in cerebral ischemic injury were (1) ischemia 1.5h with 10mg/kg, 1.5h with 

20mg/kg and 1.5h with 10mg/kg body weight according to the expressions of MDA, NO and H2O2 in 
serum respectively, (2) ischemia 1.5h with 10mg/kg, 1.5h with 20mg/kg and 1.5h with 20mg/kg body 
weight according to the expressions of MDA, NO and H2O2 in brain tissue respectively. Conclusion On 
the basis of the principle of the minimization of medication dose and maximization of therapeutic time 
window, the optimized composition of the therapeutic dose and time window in cerebral ischemic injury 

was injecting picroside ⅡⅡⅡⅡ intraperitoneally with 10-20mg/kg body weight at ischemia 1.5h. 
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INTRODUCTION 
 
After cerebral ischemia, the body is in a state of oxidative 
stress due to the imbalance between oxygen radicals 
production and clearance in vivo (Shibata and Kobayashi, 
2008; Li et al., 2010a). Oxygen radicals attack poly-
unsaturated fatty acid in the biomembranes and induce 
lipid peroxidation to destroy the integrity of the membrane  
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structure, inducing the disorders of the intracellular 
environment and apoptosis (Perluigi et al., 2010; Asano 
et al., 2012). Free radicals injury plays a very important 
role in cerebral ischemia reperfusion injury (Wang and 
Shuaib, 2007; Xi et al., 2007). Malondialdehyde (MDA) 
can reflect the equilibrium state of oxidative stress (Yuan 
et al., 2011) and the content of free radicals and the 
degree of lipid peroxidation in tissue (Tomatsuri et al., 
2004; Lv et al., 2011). The aldehyde groups of MDA can 
cause cross-linked polymeric reaction with the amino 
component  of  phosphatidylcholine   and   phosphatidyl- 
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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
-1

(B1) 1.0×5 1.5×5 2.0×5 2.5×5 

10mg·kg
-1

(B2) 1.0×10 1.5×10 2.0×10 2.5×10 

20mg·kg
-1

(B3) 1.0×20 1.5×20 2.0×20 2.5×20 

40mg·kg
-1

(B4) 1.0×40 1.5×40 2.0×40 2.5×40 

 
 
 
serine in phosphatides in nerve cell biomembrance to 
change the structures and functions of biomembrance 
(Chen et al., 2004; Amemiya et al., 2005). Lipid 
peroxidation in biomembrance and its products can also 
cause oxidative injury of membrane proteins, leading to 
apoptosis (Cejas et al., 2004; Liu et al., 2008). After 
cerebral ischemia reperfusion, the local excitatory amino 
acids release and activate inducible nitric oxide synthase 
(iNOS), resulting in an increase in nitric oxide (NO) 
synthesis (Choi, 1988), and NO and O

2-
 will generate a 

more virulent OH- and NO
2-

 to aggravate ischemia 
reperfusion injury (Ito et al., 2010) and induce lipid 
peroxidation and apoptosis or cell death (Brown, 2010; 

Rey et al., 2011). It has been proved that picroside Ⅱ 

could lessen the PC12 cell damage induced by hydrogen 
peroxide (H2O2) (Li et al., 2002; Tao et al., 2003; Guo et 
al., 2007) and the L-02 cell injury caused by oxidative 
stress (Gu et al., 2008) and raise the cell survival rate in 

vivo. Animal experiments showed that picroside Ⅱ could 

inhibit the expression of related inflammatory factors and 
cell apoptosis in ischemic penumbra after ischemic 
reperfusion injury and improve the neurobehavioral 
function in rats (Li et al., 2010b, 2010a,b). Our former 
experiments indicated that the best therapeutic effect is 

injecting picroside Ⅱ intraperitoneally with 20mg/kg at 

ischemia 1.5h after intervened by picroside Ⅱwith 

different doses at various times in rats (Pei et al., 2012). 
In this study, the authors aimed to detect the 
concentrations of MDA, NO and H2O2 in serum and brain 
tissue to further explore the antioxidation and the optimal 

therapeutic dose and time window of picroside Ⅱ in 

cerebral ischemic injury in rats according to the design 
principle of orthogonal test. 
 
 
MATERIALS AND METHODS 
 
Establishment of animal models 
 
A total of 30 adult healthy male Wistar rats, SPF grade, 
weight 230-250g, were supplied by the Experiment 
Animal Center of Qingdao Institute for the Control of Drug 
Products (SCXK (LU) 20100010). All animals were 
acclimatized for a week in the laboratory and allowed free 
access to food and water in a room temperature (23±2°C) 
and humidity-controlled housing with natural illumination, 

fasting 12h before operation. Five rats were randomly 
selected as a sham operated group and the rest 25 rats 
were used to establish the forebrain ischemia models by 
bilateral common carotid artery occlusion (BCCAO) 
methods (Márquez-Martín et al., 2012). Rats in the sham 
operated group were experimented without BCCAO 
compared with those in the experimental group. The rats 
were anesthetized by injecting intraperitoneally 10% 
chloral hydrate (3ml/kg) and fixed in supine position to 
conduct aseptic operation. The four have not regained 
consciousness after operation for 2h or dead rats were 
excluded from the experiment, and the rest 21 successful 
animal models were randomly divided into model group 
(n=5) and treatment group (n=16). 
 
 
Orthogonal experimental design 
 
Sixteen successful BCCAO rat models were internalized 
into the experiment and divided randomly according to 
the principle of orthogonal experimental design of [L16(4

5
)] 

consisting of two impact factors with four impact levels 
(Table 1). The impact factor A is the therapeutic time 
window designed four levels: 1.0h, 1.5h, 2.0h, 2.5h after 
ischemia. The impact factor B is the therapeutic drug 
dose which has four levels as follows: 5 mg/kg, 10 mg/kg, 
20 mg/kg, 40 mg/kg body weight. 
 
 
Intervention 
 

Picroside Ⅱ(Tianjin Kuiqing Medical Technology Co. Ltd., 

CAS No: 39012-20-9, purity >98%, molecular weight: 
512) was diluted into 1% solution with 0.1 mol/L PBS and 
injected intraperitoneally according to the corresponding 
designed doses in the orthogonal layout [L16(4

5
)]. After 

treatment for 24h, the rats were killed to detect the 
corresponding indexes. The sham operated group and 
model group rats were synchronously injected the same 
amount of physiological saline intraperitoneally after 
operation for 2h. 
 
 
Specimen collection 
 

After   treatment  with  picroside Ⅱ  for 24h, the rats were 
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Table 2. The results of concentrations of MDA, NO and H2O2 ( sx ± ) 

 

Groups n MDASerum 

(mmol/L) 

MDABrain 

(mmol/L) 

NOSerum 

(µmol/L) 

NOBrain 

(µmol/L) 

H2O2Serum 

(mmol/L) 

H2O2Brain 

(mmol/L) 

Sham group 5 2.53±0.25 6.360±0.68 45.56±6.72 1.12±0.25 5.03±0.45 12.13±1.25 

Model group 5 4.38±0.56
a
 9.60±0.82

a
 80.33±9.26

a
 2.67±0.34

a
 9.46±0.72

a
 17.36±1.56

a
 

Treatment group 16 3.34±0.78
b
 7.61±1.00

b
 65.95±8.90

b
 1.74±0.65

b
 6.73±1.47

b
 15.17±1.58

b
 

 

a
P<0.01, vs the sham group; 

b
 P<0.01, vs the model group. 

 
 

Table 3. [L16(4
5)] orthogonal layout and the detection results 

 

Test 
NO. 

Rank NO. Serum Brain Serum Brain  Serum Brain  

A B C D E MDA MDA NO NO H2O2 H2O2 

1 1 1 1 1 1 2.27 7.62 67.50 1.88 5.46 15.06 

2 1 2 2 2 2 2.58 7.44 66.67 2.13 5.38 14.80 

3 1 3 3 3 3 3.11 7.30 62.22 1.93 6.21 14.61 

4 1 4 4 4 4 3.16 7.54 71.11 2.05 6.30 15.08 

5 2 1 2 3 4 3.34 7.19 71.67 2.11 6.72 14.29 

6 2 2 1 4 3 2.61 6.81 62.11 1.05 5.11 13.61 

7 2 3 4 1 2 2.32 6.06 51.39 0.65 4.65 12.14 

8 2 4 3 2 1 2.73 6.22 56.94 0.96 5.46 14.23 

9 3 1 3 4 2 3.86 7.16 66.67 1.08 7.65 17.31 

10 3 2 4 3 1 3.13 6.39 50.56 1.04 6.17 13.70 

11 3 3 1 2 4 3.09 8.20 54.17 1.28 6.18 14.04 

12 3 4 2 1 3 4.05 8.70 71.33 2.78 8.05 16.38 

13 4 1 4 2 3 4.93 8.49 78.22 2.34 9.83 16.71 

14 4 2 3 1 4 3.82 8.56 72.62 1.80 7.66 16.04 

15 4 3 2 4 1 3.88 8.30 76.25 1.93 7.76 16.56 

16 4 4 1 3 2 4.51 9.70 75.83 2.77 9.02 18.17 

Ⅰ 11.12 14.40 12.48 12.46 12.01 53.39 121.68 1055.2 27.78 
 

107.61 242.7 

Ⅱ 11.00 12.14 13.85 13.33 13.27       

Ⅲ 14.13 12.40 13.52 14.09 14.70       

Ⅳ 17.14 14.45 13.54 13.51 13.41       

SS 6.37 1.17 0.27 0.34 0.91       

 
 
 
anesthetized by injecting intraperitoneally 10% chloral 
hydrate (3ml/kg) and then they were opened the chest, 
the blood (about 4ml) was collected through the heart 
and centrifugated with 4000rpm for 10 min, separating 
the serum and stored at -20℃. The rats were perfused 
immediately with 200ml normal saline from  the heart to 
take out the brain completely, then cut olfactory bulb and 

prefrontal brain tissue. The 500mg brain tissue of 
ischemia area was cut backward from the optic chiasm 
(Bregma 0.00mm), put into a precooling mortar with               
cell lysis buffer according to the proportion of 1:4                
(500µl lysis buffer + 5µl PMSF, No. P0013, Bey-                 
otime Institute of Biotechnology) to grind into the powder, 
then  homogenized   with   ultrasonic  waves,  centrifuged  
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(Eppendorf, type:5801, Germany) for 10min at 
12000r/min 4℃, eventually separating the supernatant. 
Finally, the concentration of the protein was assayed by 
BCA method, and stored at -20℃. 
 
 
Detection indexes 
 
The concentrations of MDA, NO and H2O2 in the 
homogenate of serum or brain tissue were respectively 
determined by thiobarbituric acid assay, nitratase 
reductase assay and chemiluminescence immunoassay. 
The homogenate of serum or brain tissue was 
redissolved in a room temperature and centrifuged to 
separate 100µl supernatant, then operating according to 
the kit instructions (Nanjing Jiancheng Bioengineering 
Institute). The values of absorbance were respectively 
determined at wavelengths of 550nm (MDA), 

550nm（NO）and 405nm（H2O2）with the ultraviolet 

spectrophotometer (Beckmann DU640，USA) to 

calculate the concentrations of MDA (mmol/L), 
NO(µmol/L) and H2O2(mmol/L). 
 
 
Statistical analysis 
 
SPSS 17.0 software was used for data statistical 
analysis. Two-group comparison was made by t-test and 

data were expressed as mean ± standard error ( sx± ) 

(Table 2), and multi-group comparison was made by 
analysis of variance (ANOVA) and the least significant 
difference (LSD) method for pairwise comparisons 
whether  different level of administrating time and 
therapeutic dose had significant deviation or not, and 
whether their interaction on each detected index had 
significant deviation or not, meanwhile to explore the best 
therapeutic drug dose and time window (Table 3). Values 
were considered to be significant when P was less than 
0.05. 
 
 
RESULTS 
 
Detection results 
 
The concentrations of MDA, NO and H2O2 in serum and 
brain tissue in the model group rats were increased 
significantly compared with those in the sham group 
(t=15.22-35.77, P<0.01). And in the treatment group, the 
concentrations of MDA, NO and H2O2 in serum and brain 
tissue were obviously lower than those in the  model 
group (t=4.60-12.76, P<0.01) (Table 2). It is suggested 
that the concentrations of each index in serum and brain 
tissue increse significantly after  establishing the animal 

models and reduce after treated by picroside Ⅱ, and 

picroside Ⅱ can protect brain tissue from oxidative injury. 

 
 
 
 
Analysis of variance (ANOVA) of the MDA content 
 
The results showed that the MDA content in serum and 
brain tissue expressed at different degrees after treated 

by picroside Ⅱ (Table 3). According to the data statistical 

analysis with software of SPSS 17.0 (set α=0.05), the 
result of ANOVA showed that the significance probability 
of medication time (factor A) in serum and brain tissue 
was P<0.01, which indicated that the medication time of 

picroside Ⅱcould significantly influence on MDA 

expression (Table 4). The significance probability of 
interaction of independent variables (factor C) in serum 
and brain tissue was P > 0.05, so there was no 
interaction between medication time and therapeutic 
dose. The significance probability of therapeutic dose 
(factor B) in serum and brain tissue was P>0.05, and 
there was no significant deviation between different levels 
of the factor B. All data of each index were analyzed by 
the least significant difference (LSD) method for pairwise 
comparisons and the results showed that there was 
significant deviation of the MDA content in serum and 
brain tissue between administering drug at ischemia 1.0h 
(A1) and 2.5h (A4), and between administering drug at 
ischemia 1.5h (A2) and 2.5h (A4) (P<0.05), while no 
significant deviation between the rest combination and 
between each other of therapeutic dose (P>0.05). 
Considering the minimization of medication dose and 
maximization of therapeutic time, it was presumed that 
A2B2 is the best combination, namely the best 
therapeutic time window and the best therapeutic dose of 
picroside II for cerebral ischemia injury was ischemia 1.5 
h with 10 mg/kg body. 
 
 
ANOVA of the NO content 
 

After treated by picroside Ⅱ, the results showed that the 

expression of NO in serum and brain tissue was at 
different degrees (Table 3). The significance probability of 
medication time in serum was smaller than 0.01 (P<0.01), 
while there was no significant deviation in brain tissue( 
P>0.05), which suggested that the medication time of 

picrosideⅡ could significantly influence on MDA 

expression in serum (Table 5). There was no significantly 
influence on the NO content in serum and brain tissue 
between different levels of therapeutic dose and 
interaction of independent variables (P<0.05).The results 
of LSD showed that there was significant deviation of the 
MDA content in serum and brain tissue between 
administering drug at ischemia 1.0h (A1) and 2.5h (A4), 
and between administering drug at ischemia 1.5h (A2) 
and  2.5h (A4) (P<0.05), while no significant deviation 
between the rest combination and between each other of 
therapeutic dose (P>0.05).The results of LSD showed 
that there was significant deviation of the NO content 
between administering drug at ischemia 1.0h (A1)                  
and  2.5h (A4),  ischemia  1.5h (A2)  and  2.5h  (A4), also  
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Table 4.  ANOVA of the MDA content 
 

Variation source SSSerum df MS F P SSBrain df MS F P 

Ischemia time 6.37 3 2.12 10.20 0.01 9.71 3 3.24 12.60 0.01 

Drug dose 1.17 3 0.39 1.87 0.24 1.21 3 0.40 1.57 0.29 

Time × Dose 0.27 3 0.09 0.43 0.74 2.57 3 0.86 3.33 0.10 

Error 1.25 6 0.21   1.54 6 0.26   

 
 

Table 5.  ANOVA of the NO content 
 

Variation source SSSerum df MS F P SSBrain df MS F P 

Ischemia time 614.62 3 204.87 9.29 0.01 2.50 3 0.83 4.54 0.06 

Drug dose 267.92 3 89.31 4.05 0.07 1.25 3 0.42 2.28 0.18 

Time×Dose 173.06 3 57.69 2.62 0.15 1.54 3 0.51 2.79 0.13 

Error 132.33 6 22.06   1.10 6 0.18   

 
 

Table 6.  ANOVA of the H2O2 content 
 

Variation source SSSerum df MS F P SSBrain df MS F P 

Ischemia time 23.21 3 7.74 15.22 0.01 22.29 3 7.431 15.26 0.01 
Drug dose 5.60 3 1.87 3.67 0.08 8.71 3 2.903 5.96 0.03 
Time×Dose 0.58 3 0.19 0.38 0.77 3.36 3 1.120 2.30 0.18 
Error 3.05 6 0.51   2.92 6 0.487   

 
 
 
ischemia 2.0h (A3) and 2.5h ( A4 ) in serum and between 
ischemia 1.0h (A1) and 1.5h (A2), ischemia 1.5h (A2) and 
2.5h (A4) in brain tissue(P<0.05), and no significant 
deviation between the rest combination in serum or brain 
tissue (P>0.05). There was significant deviation between 
therapeutic dose 5mg/kg (B1) and 20mg/kg (B3) in serum 
(P<0.05), and no significant deviation between the rest 
combination in serum or brain tissue (P>0.05). 
Considering the minimization of medication dose and 
maximization of therapeutic time, it was presumed that 
A2B3 is the best combination, namely the best 
therapeutic time window and the best therapeutic dose of 
picroside II was ischemia 1.5 h with 20 mg/kg body. 

 
 
ANOVA of the H2O2 content 

 
After treated by picroside Ⅱ, all rats showed the 

expression of H2O in serum and brain tissue at different 
degrees (Table 3). The significance probability of 
medication time in serum and brain tissue was P<0.01, 
which proved that the medication time of picroside 

Ⅱcould significantly influence on H2O expression (Table 

6). The significance probability of therapeutic dose and 
interaction of independent variables in serum and brain 
tissue were P > 0.05, so there was no significant 
deviation between different levels of therapeutic dose and 
no interaction between medication time and therapeutic 
dose. The results of LSD showed that there was no 

significant deviation of the H2O2 content between 
ischemia 1.0h (A1) and 1.5h (A2), and ischemia 1.0h (A1) 
and 2.0h (A3) in serum and between ischemia 1.0h (A1) 
and 2.0h (A3) in brain tissue (P>0.05), but a significant 
deviation existed between the rest combination in serum 
and brain tissue (P<0.05). There was significant deviation 
between therapeutic dose 5mg/kg (B1) and 10mg/kg (B2) 
(P<0.05), and no significant deviation between the rest 
combination in serum (P>0.05). There was no significant 
deviation (P>0.05) between therapeutic dose 5mg/kg 
(B1) and 40mg/kg (B4), also 10mg/kg (B2) and 20mg/kg 
(B3), while a significant deviation found between the rest 
combination in brain tissue (P<0.05). Considering the 
minimization of medication dose and maximization of 
therapeutic time, it was presumed that A2B2 (in serum) 
and A2B3 (in brain tissue) are the best combination, 
namely the best therapeutic time window and the best 
therapeutic dose of picroside II were ischemia 1.5 h with 
10 mg/kg body in serum and ischemia 1.5 h with 20 
mg/kg body in brain tissue. 
 
 
DISCUSSION 
 
Orthogonal layout can balance sampling in the changing 
range of variable factors, and can enhance the 
representation of each test with minimum animal number 
and test times. Orthogonal layout has characteristics of 
balanced scattering, which satisfies some prerequisites of 
a comprehensive test, shortened test cycle  and  elevated  
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test efficiency to achieve a better test aim. In this paper, 
the authors applied orthogonal layout to design roundly, 
compared synthetically with statistical analysis to obtain a 
better therapeutic schedule to get the best treatment 
effectiveness with a small number of tests. 

Recently, some studies have found that the active 
components of the traditional Chinese medicine 
ginkgolide B (Huang et al., 2008) and Salvia miltiorrhiza 
Bungefalba (Zhang et al., 2010) can significantly reduce 
the content of MDA, delay the activity of GSHPx down, 
lessen the mitochondrial injury induced by cerebral 
ischemia reperfusion in rats, inhibit apoptosis and narrow 
the scope of cerebral infarction. The liquiritin can 
significantly reduce the concentration of MDA in serum 
and raise the activity of CAT and GSHPx to improve the 
neurobehavioral function of mice (Sun et al., 2010). The 
salidroside (Yan et al., 2008) can significantly lessen the 
content of NO after cerebral ischemia reperfusion in rats. 
The chrysophanol and emodin (Wang et al., 2012) can 
significantly decrease the content of H2O2 in brain tissue 
in cerebral ischemia reperfusion mice and improve the 
activity of CAT in brain tissue to play a protective effect 
on cerebral ischemia reperfusion injury. Picrorrhiza 
scrophulariflora belongs to the traditional Chinese 
medicine, and its principal active components are 
compound of iridoid glycosides having effects of anti-
inflammatory and anti-oxidant (Guo et al., 2010). Tao YW 

found that picroside Ⅱ had a significant protective effect 

on the injury of PC12 induced by hydrogen per oxide 
(H2O2) (Tao et al., 2003). Guo MC (Guo et al., 2007) 
established oxidative stress models of PC12 cells with 

glutamic acid and proved that picroside Ⅱ can inhibit the 

generation of free radicals through improving the activity 
of antioxidase in cells to play a role of anti-lipid 
peroxidative injury. Gu W (Gu et al., 2008) found that 

picroside Ⅱ had a protective effect on the L-02 cell injury 

caused by oxidative stress, and its mechanism may be 
related to the reduction of the reactive oxygen species 
content in cells and the inhibition for the mitochondrial 
membrane potential down. 

In this experiment, the content of MDA, NO and H2O2 
can directly reflect the changes of the free radicals 
content in vivo in cerebral ischemic injury. The content of 
MDA, NO and H2O2 increased significantly in serum and 
brain tissue after establishing the animal models and 

reduced after injecting picroside Ⅱ intraperitoneally. It 

was suggested that picroside Ⅱ can enhance the activity 

of endogenous antioxidant enzymes and clear the excess 
oxygen radicals to protect brain tissue from oxidative 
injury. According to the orthogonal experimental design of 
[L16(4

5
)], the results showed that there was a significant 

deviation in treatment effectiveness between ischemia 

time and therapeutic dose of picroside Ⅱ and the                 

best combination was not with accordant according to  
the different indexes. Considering the minimization                  
of medication dose and maximization of therapeutic               
time, it is presumed that  A2B2  and  A2B3  are  the  best  

 
 
 
 
combinations, namely the best therapeutic time window 
and the best therapeutic dose of picroside II is ischemia 
1.5 h with 10~20 mg/kg body. The mechanism of cerebral 
ischemic injury is very complicated and only six indexes 
were observed in this experiment, so some golden 
evaluating indexes need to be further studied in further 
experiments to explore the certain effect and mechanism 
and the best therapeutic time window and the best 
therapeutic dose of picroside II. 
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