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Introduction 

Stoke is a major health problem and there is no effective treat-
ment of  the disease. Therefore, finding novel chemicals that can 
be used to treat stroke has been an intensive research area. Pic-
roside II seems to be a promising compound, yet its utilization 
in particular, the dosage and time window of  its application after 
stroke has not been optimized. In this study, we wanted to ad-
dress this problem using Malondialdehyde (MDA) and superoxide 
dismutase (SOD) as two parameters. MDA, a lipid peroxidation 

product formed by reactions between free radicals and polyun-
saturated fatty acids, can be measured to reflect the magnitude 
of  oxidative stress [1]. The aldehyde of  MDA can occur cross-
linking reaction with the amino groups of  phosphatidylserine in 
neuronal membrane phospholipids [2]. The lipid peroxidation 
of  biomembrane and its lipid peroxide products can also impli-
cate the protein in the membrane to result in oxidative damage 
and apoptosis[3,4]. The content of  MDA can reflect the levels 
of  the free radicals and lipid peroxidation in tissue [5,6]. When 
the level of  oxygen free radicals (OFR) elevates, SOD can react 
with superoxide anion with the generation of  hydrogen peroxide. 
And hydrogen peroxide (H2O2) can turn into water under the ef-
fect of  catalase and glutathione peroxidase to remove the OFR 
to protect cells from damage. Therefore, the level of  SOD ac-
tivity can reflect the ability of  the body in clearing OFR [7,8]. 
Cell culture experiments confirmed that picroside II can reduce 
H2O2-induced injury in PC12 cells and improve cell survival 
[9,10,11]. Animal experiments showed that picroside II, an ac-
tive ingredient of  traditional Chinese medicine, can also inhibit 
the expression of  inflammatory factors and apoptosis in cerebral 
ischemic penumbra, thus improve the neurobehavioral functions 
in rats [12,13,14]. Our group dealt the rats with different doses of  
picroside II at different ischemic time, and the result showed that 
the optimized therapeutic dose and time window of  picroside II 
in cerebral ischemia reperfusion injury was ischemia 1.5 h with 
20mg/kg body weight by intraperitoneal injection [15]. This study 
was designed to detect the MDA levels and SOD activity in blood 
and brain tissue to further explore the anti-oxidation effect and 
the optimal therapeutic dose and time window of  picroside II in 
cerebral ischemic injury.

Abstract

Objective: To optimize the therapeutic dose and time window of  picrosede II in cerebral ischemic injury in rats by orthogonal test. 
Methods The forebrain ischemia model was established by a bilateral common carotid artery occlusion (BCCAO) 

Method: Rats were randomly grouped according to orthogonal experimental design and treated by injecting picroside II intraperitone-
nally at different ischemic times with different doses. The concentration of  lipid perioxide malondialdehyde (MDA) in serum and brain 
was determined by thiobarbituric acid assay. The activity of  superoxide dismutase (SOD) in these samples was determined by xanthine 
oxidase assay. 

Result: The optimized composition of  the therapeutic dose and time window of  picroside II in cerebral ischemic injury was (1) ischemia 
1.5 h with 10 mg/kg body weight according to the concentration of  MDA in serum and the brain tissue, (2) ischemia 1.5 h with 20 mg/
kg body weight according to the activity of  SOD in serum and the brain tissue. 

Conclusion: From the principle of  lowest therapeutic dose with longest time window, the optimized composition of  the therapeutic dose 
and time window of  picroside II in cerebral ischemic injury is ischemia 1.5 h with 10-20 mg/kg body weight.
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Materials and Methods

Animal models

A total of  30 healthy adult male Wistar rats, specific pathogen 
free grade, weighting 230-250 g, were provided by Experimen-
tal Animal Center of  Qingdao Drug Inspection Institute (SCXK 
(LU)20100010). All animals were placed in the laboratory for 
them to adapt to the environment for a week and allowed for free 
access to food and water in a temperature- (23±2°C) and humid-
ity-controlled room with natural illumination. Five rats were ran-
domly selected as a sham surgery group and the rest 25 rats were 
subjected to forebrain ischemia by a bilateral common carotid 
artery occlusion (BCCAO) method [16]. Before stroke surgeries, 
all rats had fasted for 12h and were anesthetized by injecting in-
traperitoneally 10% chloral hydrate (0.3ml/kg) and fixed in supine 
position to conduct aseptic operation. Four rats died and 21 rats 
survived after the surgeries The 21 rats were randomly divided 
into control group (n=5) and treatment group (n=16).

Grouping design

Total of  16 rats in drug treatment group were included in the sta-
tistical range and grouped according to the orthogonal design of  
[L16(4

5)] consisting of  two impact factors with four impact levels 
(Table 1). The impact factor A was the therapeutic time window 
designed four levels: 1.0 h, 1.5 h, 2.0 h, 2.5 h after ischemia. The 

impact factor B is the therapeutic drug dose which had four levels 
as follows: 5 mg/kg, 10 mg/kg, 20 mg/kg, 40 mg/kg body weight.

Interventions

Picroside II (CAS No.: 39012-20-9, purity> 98%, molecular 
weight: 512) provided by Tianjin Kui Green pharmaceutical com-
pany, was diluted to 1% with normal saline. According to the or-
thogonal table of  [L16(4

5)], the rats were intraperitoneally injected 
at different ischemic time with picroside II of  different doses. 
Rats in the sham group and experimental group were synchro-
nously injected intraperitoneally the same amount of  physiologi-
cal saline.

Specimen collection  

The rats were anesthetized by injecting intraperitoneally 10% 
chloral hydrate (0.3ml/kg) after treatment for 24h, then opening 
the chest and collecting the blood through the heart and centrifu-
gating at 4000r/min for 10 min separate serum 2ml storing at 
-20oC. Then the rats were perfused immediately with normal sa-
line 200ml and removed the brain completely, cut olfactory bulb 
and prefrontal brain tissue. The 500mg brain tissue of  ischemia 
area was cut from the optic chiasm (Bregma 0.00mm) backward 
and set in a precooling mortar to grind to the powder and added 
the cell lysis buffer according to the proportion of  1:4 (500μl lysis 
buffer + 5μl PMSF, No. P0013, Beyotime Institute of  Biotech-
nology) and homogenized with ultrasonic waves to centrifuged 
(Eppendorf  5801, Germany) 12000r/min for 10min at 4oC, then 

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

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

separating the supernatant. The concentration of  the protein was 
assayed by BCA method, stored at -20oC.

Detection indexes 

The level of  MDA and the activity of  SOD in serum or brain 
homogenate were determined by thiobarbituric acid assay and 
xanthine oxidase assay respectively. According to the instruction 
of  the kit, serum or brain homogenate was centrifuged after re-
dissolved at room temperature. 100μl supernatant was taken for 
the determination of  the absorbance values at the wavelength of  
532 nm (MDA) and 550 nm (SOD) with UV spectrophotome-
ter (Beckmann DU640, USA) to calculate the content of  MDA 
(mmol/L) and the activity of  SOD (U/ml).

Statistical analysis  

The statistical software of  SPSS 17.0 edition was used for statisti-
cal analysis. According to the different levels of  ischemia time 
and dose, as well as the effect of  the interaction between ischemia 
time and dose to indicators determined, the optimized composi-
tion of  the therapeutic dose and time window was concluded.

Results

Results of  detection

In sham-operated group, in serum the content of  MDA was sig-
nificantly lower than in brain (t = 4.09, P <0.01), and the activity 
of  SOD was significantly higher than in brain (t = 9.33, P <0.01). 
The content of  MDA in serum and brain of  in model group was 
significantly increased, while the activity of  SOD was significantly 
reduced than those of  sham group (t = 12.32 - 43.86, P <0.01). 
The content of  MDA in serum and brain tissue of  treatment 
group were significantly lower, and the activity of  SOD activity 
was significantly higher than those of  model group (t = 3.88 to 
12.76, P <0.01). Table 2-3.

•	 Variance Analysis of  MDA content

Effects of  different levels of  factor A (time) on the content of  
MDA in serum showed significant differences in cerebral ischemia 
(P<0.01), but effects of  factor B (dose) and factor C (time-dose 
interaction) showed no significant differences (P>0.05). Different 
levels of  administration time (therapeutic time window) had sig-
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Table 2. The detecting results of  MDA and SOD

Groups n Serum MDA
(mmol/L)

Brain MDA
(mmol/L)

Serum SOD
(U/L)

Brain SOD
(U/L)

Sham group 5 2.53±0.25 6.36±0.68 92.51±6.45 40.86±4.76

Model group 5 4.38±0.56a 9.60±0.82a 62.43±473a 25.44±3.29a

Treatment group 16 3.34±0.78b 7.61±1.00b 82.23±7.70b 32.13±6.11b

a Compared with sham, t=12.32~43.86, P<0.01; 
              b Compared with model group, t=3.88~12.76, P<0.01

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

Test no. Rank NO. Serum
MDA

Brain
MDA

Serum
SOD

Brain 
SODA B C D E

1 1 1 1 1 1 2.27 7.62 76.73 30.76
2 1 2 2 2 2 2.58 7.44 82.93 31.45
3 1 3 3 3 3 3.11 7.30 84.52 32.91
4 1 4 4 4 4 3.16 7.54 81.82 34.62
5 2 1 2 3 4 3.34 7.19 80.50 32.00
6 2 2 1 4 3 2.61 6.81 88.22 38.26
7 2 3 4 1 2 2.32 6.06 98.24 39.94
8 2 4 3 2 1 2.73 6.22 80.28 33.41
9 3 1 3 4 2 3.86 7.16 72.53 37.69
10 3 2 4 3 1 3.13 6.39 87.40 38.83
11 3 3 1 2 4 3.09 8.20 97.78 38.57
12 3 4 2 1 3 4.05 8.70 81.25 31.58
13 4 1 4 2 3 4.93 8.49 79.30 22.39
14 4 2 3 1 4 3.82 8.56 76.34 27.23
15 4 3 2 4 1 3.88 8.30 76.07 25.36
16 4 4 1 3 2 4.51 9.70 71.74 19.15
I 11.12 14.40 12.48 12.46 12.01 53.39 121.68 1315.65 514.15
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

nificant impact on the content of  MDA in serum, while different 
levels of  dose no significance. And there was no significant in-
teraction between administration time and dose. Least significant 
differences (LSD) method for the pairwise comparison of  each 
group showed that the content of  MDA in serum had significant 
differences between administration (ischemia) time 1.0h (A1) and 
2.5h (A4), 1.5h (A2) and 2.5h (A4) (P<0.05), but no significant 
differences between other pairwise comparisons (P>0.05); and 
the content of  MDA in serum had no significant differences be-
tween pairwise comparisons of  dose (P>0.05). From the principle 
of  lowest therapeutic dose with longest time window, the opti-
mized composition was A2B2, that is to say the best therapeutic 
dose and time window of  picroside II in cerebral ischemic injury 
was ischemia 1.5h with 10mg/kg body weight by intraperitoneal 
injection.

Different levels of  ischemic time or therapeutic time window 
(factor A) had significant effect on the content of  MDA in brain 
(P<0.01), but different levels of  dose (factor B) had no signifi-
cant impact (P>0.05). And there was no significant interaction 
between administration time and dose (factor C) (P>0.05). LSD 

for pairwise comparisons showed that the content of  MDA in 
brain had significant differences between administration (is-
chemia) time 1.0h (A1) and 2.5h (A4), 1.5h (A2) and 2.5h (A4) 
(P<0.05), but no significant differences between other pairwise 
comparisons of  adminstration time (P>0.05) and no significant 
differences between pairwise comparisons of  dose (P>0.05). So 
that the optimized composition shoul be A2B2, ie. the best thera-
peutic dose and time window of  picroside II in cerebral ischemic 
injury was ischemia 1.5h with 10mg/kg body weight.

•	 Variance Analysis of  SOD activity

Effects of  different levels of  factor A (time) and factor B (dose) 
on the activity of  SOD in serum showed significant differences 
in cerebral ischemia (P<0.01), but effects of  factor C (time-dose 
interaction) showed no significant differences (P>0.05). Differ-
ent levels of  ischemic time (therapeutic time window) and dose 
impacted significantly on the activity of  SOD in serum, while 
administration time-dose interaction was of  no significant effect 
(P>0.05). LSD for pairwise comparisons showed that the activity 
of  SOD in serum had significant differences between administra-
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Table 4. Variance Analysis of  MDA content

Sources of  vari-
ation

SSSerum df MS F P SSBrain df MS F P

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

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. Variance Analysis of  SOD activity

Sources of  vari-
ation

SSSerum df MS F P SSBrain df MS F P

Ischemic time 273.42 3 91.14 5.09 0.04 435.32 3 145.11 28.64 0.01

Dose 347.02 3 115.67 6.46 0.03 62.08 3 20.69 4.08 0.07
Time × Dose 162.10 3 54.03 3.02 0.12 32.34 3 10.78 2.13 0.20
Error 107.46 6 17.91 30.40 6 5.07

tion (ischemia) time 1.5h (A2) and 2.5h (A4), 2h (A3) and 2.5h 
(A4) (P<0.05), but no significant differences between other pair-
wise comparisons of  administration time(P>0.05); and there were 
significant differences between administration dosage of  5mg 
(B1) and 20mg (B3), 20mg(B3) and 40mg(B4) (P<0.05), but no 
significant differences between other pairwise comparisons of  ad-
ministration dosage (P>0.05). So that the optimized composition 
should be  A2B3, that is to say the best therapeutic dose and time 
window of  picroside II in cerebral ischemic injury was ischemia 
1.5h with 20mg/kg body weight.

Ischemic time or therapeutic time window (factor A) had signifi-
cant effect on the activity of  SOD in brain (P<0.01), but differ-
ent levels of  dose (factor B) and time-dose interaction (factor C) 
had no significant impact (P>0.05). LSD for pairwise compari-
sons showed that the activity of  SOD in brain had no significant 
differences between administration (ischemia) time 1.0h (A1) 
and 1.5h (A2), 1.5h (A2) and 2.0h (A3), 1.5h(A2) and 2.5h(A4), 
2.0h(A3) and 2.5h(A4)(P>0.05), but there were significant differ-
ences between other pairwise comparisons of  administration time 
(P<0.05). There were significant differences between administra-
tion dosage of  10mg (B2) and 40mg (B4), 20mg (B3) and 40mg 
(B4) (P<0.05), but no significant differences between other pair-
wise comparisons of  administration dosage (P>0.05). From the 
principle of  lowest therapeutic dose with longest time window, 
the optimized composition was A2B3, that is to say the best thera-
peutic dose and time window of  picroside in cerebral ischemic 
injury was ischemia 1.5h with 20mg/kg body weight by intraperi-
toneal injection.

Discussion

Previous studies found that progesterone has neuroprotective ef-
fects on cerebral ischemic damage. Progesterone can improve the 
activity of  SOD and GSHPx in hypoxic-ischemic brain to scav-
enge oxygen free radicals[17], as well as reduce the intracellular 
Ca2+ and influence the function of   amino acid neurotransmitter 
systems [18], and restoring inositol triphosphate in cerebral is-
chemia area [19]. Many active ingredients of  traditional Chinese 
medicine such as ginkgolide B [20,21] and ginkgolide N [22,23] 
can significantly reduce cerebral infarction and improve the ac-
tivity of  SOD and reduce the content of  MDA in brain, inhibit 
neuronal apoptosis induced by mitochondrial pathway, thus play-
ing an important role in protective effect on ischemia-reperfusion 

brain injury. As the main bioactive component of  Picrorhiza, iri-
doid glycosides compounds has anti-inflammatory and antioxida-
tion functions[24]. Animal experiments showed that picroside II 
can improve the antioxidant capacity of  brain tissue and reduce 
the oxidative damage induced by cerebral ischemia-reperfusion, 
thus improving neurobehavioral functions of  rats[25,26]. Cell 
culture experiments confirmed that Picrorhiza II has an important 
role to protect PC12 cell damege casused by H2O2[10-11] and 
L-02 cell injury induced by oxidative stress[27]. which may be re-
lated to the ability of  scavenging oxygen free radicals directly and 
enhancing cell itself  the function of  antioxidant system, as well as 
the function of  anti-lipid peroxidation. 

The content of  MDA can reflect the changes of  free radicals in 
some extent while SOD can reflect the changes of  the activity of  
antioxidant enzymes in cerebral ischemic injury in vivo. Accord-
ing to [L16(4

5)] orthogonal design grouping in this experiment, the 
four dose of  picroside II (5mg/kg, 10mg/kg, 20mg/kg and 40 mg 
/kg) were all given at the four time points of  ischemia 1h, 1.5h, 
2h and 2.5h. The detecting results of  MDA and SOD showed 
that different levels of  administration time and dose have signifi-
cant influence on the therapeutic effect of  picroside II. The best 
combination of  different detection indexes was variant. From the 
principle of  lowest therapeutic dose with longest time window, 
the optimized composition were A2B2 and A2B3, that is to say 
the best therapeutic dose and time window of  picroside II in cer-
ebral ischemic injury was ischemia 1.5h with 10-20mg/kg body 
weight. Because the mechanism of  cerebral ischemic injury is very 
complicated and only four indexes were observed in this experi-
ment, the results could not possibly all be right. In further experi-
ments, the golden evaluating indexes need to be further studied 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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