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Objective(s): Carthamus tinctorius L. (CT) or safflower is widely used in traditional Chinese medicine. 
This study investigated the effects of CT extract (CTE) on ischemia–reperfusion (I/R) brain injury and 
elucidated the underlying mechanism. 
Materials and Methods: The I/R model was conducted by occlusion of both common carotid arteries and 
right middle cerebral artery for 90 min followed by 24 hr reperfusion in Sprague-Dawley rats. CTE (0.2-0.6 
g/kg) was administered intraperitoneally before and during ischemia, and during reperfusion period. The 
cerebral infarction area, neurological deficit scores, free radicals (lucigenin chemiluminescence counts) and 
pro-inflammatory cytokines expression were measured.  
Results: Pretreatment and treatment with CTE significantly reduced the cerebral infarction area and 
neurological deficits. CTE (0.4 g/kg) also reduced blood levels of free radicals and expression of tumor 
necrosis factor-α and interleukin-1β in the cerebral infarction area. 
Conclusion: The reduction in I/R cerebral infarction caused by CTE is possibly associated with its 
antioxidation and anti-inflammatory properties. 
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Introduction 
Acute ischemic stroke can lead to extensive brain 

damage and is also a major cause of morbidity and 
leading cause of mortality in developed countries (1). 
Recanalization by using tissue plasminogen activator 
through intravenous injection within 4.5 hr of symptoms 
onset and early endovascular treatment are the most 
effective approach to improve clinical outcomes in 
ischemic stroke patients (2-4). Reperfusion after cerebral 
ischemia is essential for brain tissue survival, however, it 
also resulted in additional brain damage, such as 
neurovascular injury, hemorrhagic transformation, fatal 
cerebral edema and neuronal death (5). Therefore, 
potential neuroprotective agents, including traditional 
Chinese herbal formulas, have been widely investigated 
as novel promising therapies in ischemic stroke (6, 7). 
 

 

 

Of the mechanisms responsible for brain damage 
pathogenesis after cerebral infarction, oxidative stress and 
inflammation may be the most crucial pathophysiological 
mechanism involved in ischemic stroke (4, 8). The 
inappropriate activation of ionotropic N-methyl-d-
aspartate (NMDA) receptors in the brain by excessive 
released glutamate induced “excitotoxicity” results in 
ischemic/reperfusion (I/R) brain injury (9). This 
excitotoxicity may further induce death in neurons 
through the overproduction of reactive oxygen species 
(ROS) released by inflammatory cells (10, 11). An 
inflammatory cascade initiated by ROS promotes glial 
activation and neutrophil infiltration from peripheral 
blood and leads to the release of proinflammatory 
cytokines such as interleukin (IL)-1β and tumor 
necrosis factor (TNF)-α. These proinflammatory 
cytokines critically amplify inflammation in the
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Figure 1. High-performance liquid chromatographic fingerprint 
analysis of subtle Carthamus tinctorius extract (CTE). Kaempferol-3-O-
rutinoside was applied as the standard for this analysis. The arrow 
represents retention time 

 
damaged brain tissue (12, 13). Therefore, drugs with a 
free radical-scavenging function can have potential 
neuroprotective effects on I/R brain injury.  

Carthamus tinctorius L. (CT), commonly known as 
Safflower, are widely used in traditional Chinese 
medicine (TCM) in treating cerebrovascular and 
cardiovascular disease. According to TCM theory, CT 
mainly promotes blood circulation and removes blood 
stasis. In China, safflower yellow injections are used 
clinically for coronary heart disease and unstable 
angina pectoris (14). In addition, in vivo and in vitro 
neuroprotective effects of CT extract (CTE) on cerebral 
ischemic injury were reported (15). Intravenous 
treatment using hydroxysafflor yellow A, the main 
component of safflower yellow pigments, significantly 
reduced neurological deficit scores in a rat infarction 
model (16). Kaempferol-3-O-rutinoside (K-3-R, Figure 
1), a major flavonoid glycoside present in CT, has been 
used as a phytochemical marker and standard for 
qualitative and quantitative studies in China (17). K-3-R 
has neuroprotective effects on brain injury and 
neuroinflammation through the downregulation of the 

NF-B signal pathway (18). However, the protective 
effect of CTE treatment against I/R brain injury remains 
unclear. Therefore, this study investigated the effects of 
CTE on an I/R model by using transient right middle 
cerebral artery occlusion, followed by reperfusion, in 
Sprague Dawley (SD) rats.  
 

Materials and Methods 
Plant material 

CT, obtained from Sichuan, China, was prepared for 
extraction by Koda Pharmaceuticals (Taoyuan, 
Taiwan). In brief, 80 g of crude CT was boiled in 560 ml 
of water for 50 min, and the extract was then filtered. 
The residue was extracted again and filtered. The 
combined filtrate was then concentrated. The wet 
weight of the final product was 27.48 g (34.35%). The 
wet extract (25 g) was mixed with 131.7 ml of 
phosphate-buffered saline (PBS; pH 7.4). The 
concentration of the CTE solution was approximately 
0.2 g/ml. K-3-R (Figure 1) was used as a phytochemical 
marker for the chromatographic fingerprint analysis. A 

high-performance liquid chromatographic (HP 1100, 
Agilent) method coupled with ultraviolet (UV, 310 nm), 
was used for the qualitative determination of 
compounds in the extract: the samples were analyzed on 
the an Agilent Hypersil BDS C-18, 5 µm (250 × 4.6 mm) 
column, maintained at ambient room temperature. Next, 
gradient elution was performed using a mobile phase 
composed of methanol as solvent A and water as solvent 
B. The gradients were as follows: 0–15 min, 10% 
increasing to 20% solvent A; 15–30 min, 20% increasing 
to 30% solvent A; 30–40 min, 30% increasing to 50% 
solvent A; 40–60 min, 10% solvent A. The flow rate was 
0.5 ml/min. The compounds were identified by 
comparing their retention times with those of known 
standards obtained from chromatograms (Figure 1).  
 
Reagents 

2,3,5-Triphenyltetrazolium chloride (TTC) and MK-
801 (a highly potent and selective noncompetitive 
NMDA glutamate receptor antagonist) were purchased 
from Sigma-Aldrich (St. Louis, MO, USA).  
 
Animals 

Pathogen-free SD rats weighing 300– 400 g were 
obtained from the National Experimental Animal 
Center (Taipei, Taiwan). The animals were housed in 
the animal center of China Medical University 
(Taichung, Taiwan), and the room temperature was 
controlled at 25 °C±1 °C through air conditioning, with a 
12 hr light–dark cycle and ad libitum food and water. All 
animal experiment procedures were conducted 
following the principles in the Guide for the Care and 
Use of Laboratory Animals. 

 

Experimental I/R injury model 
A rat I/R model of cerebral infarction was 

established by occluding both bilateral common carotid 
arteries (CCAs) and right middle cerebral artery (MCA) 
for 90 min, followed by reperfusion for 24 hr, in SD rats 
as reported previously (19, 20). The rats were 
anesthetized using an intraperitoneal (IP) injection of 
400 mg/kg chloral hydrate. A PE-50 tube, connected to 
a heart rate–blood pressure monitoring apparatus (LE 
5001 pressure meter; Panlab. S.L.L., Barcelona, Spain), 
was inserted in the right femoral artery. Both CCAs 
were then wrapped using a plastic line (0.1 mm in 
diameter). Next, the scalps of the rats were incised to 
expose the right MCA through the bone window. An 8-0 
nylon line mediated via a surgical needle was placed 
under the right MCA at the immediate upper margin of 
the olfactory tract. A laser Doppler (DRT4; Moor 
Instruments Inc., Wilmington, USA) was used to 
monitor the perfusion of right MCA. When the blood 
flow of the bilateral CCAs was occluded, the perfusion 
decreased from 900 to 200 LD units. When the blood 
flow of the right MCA was occluded, the perfusion 
immediately decreased further from 200 to 50 LD units, 
indicating total occlusion over the right MCA territory. 
The ischemia period lasted for 90 min under bilateral 
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CCA and right MCA occlusion; this was followed by 
reperfusion for 24 hr. Finally, the animals were 
sacrificed. During model establishment by our skilled 
researchers, the mortality rate was approximately 
10%–20%. 

 

Experiment design 
Fifty-four SD rats were randomly divided into nine 

groups, with six rats in each of the following groups: (1) 
sham (S): rats underwent similar surgical procedures 
without occlusion; (2) control (C): occlusion of both 
CCAs and right MCA for 90 min, followed by 
reperfusion for 24 hr; (3) PBS: control rats pretreated 
with 0.2 ml/kg PBS IP; (4) MK: control rats pretreated 
with 1 mg/kg MK-801 IP 10 min before occlusion; (5) 
P-0.2: control rats pretreated with 0.2 g/kg CTE IP; (6) 
P-0.4: control rats pretreated with 0.4 g/kg CTE IP; (7) 
P-0.6: control rats pretreated with 0.6 g/kg CTE IP; (8) 
O-0.4: rats treated with 0.4 g/kg CTE IP 30 min after 
occlusion; and (9) R-0.4: rats treated with 0.4 g/kg CTE 
IP 30 min after reperfusion. 

 

Neurological deficits evaluation 
Neurological impairment after I/R injury was 

evaluated using the neurological examination grading 
system on a 4-point scale as described previously (19-
21): 0, no significant deficits; 1, failure to completely 
extend the left forepaw; 2, decreased resistance to 
lateral push toward the paralytic limb; and 3, circling to 
the left. The neurological examination was performed 
by an examiner blinded to the experimental group 
classification after 24 hr reperfusion following 
ischemia. 
 

Cerebral infarction area measurement 
The rats were euthanized using 400 mg/kg chloral 

hydrate IP after evaluation of their neurological deficits, 
and their brains were rapidly removed and frozen at  
−20 °C for 15 min. Coronal brain sections of 2-mm 
thickness were stained with a 2% TTC solution at 37 °C 
for 15 min, followed by fixation with 4% formaldehyde 
for 24 hr. The cerebral infarction volumes of the first six 
sections from the frontal lobe were measured using a 
microscopic image analysis system (Image-Pro Lito 
Version 3.0, Media Cybernetics, USA). The ratio of 
infarction area to total brain area in each section was 
calculated and expressed as a percentage, similar to in 
our previous report (22). 
 

Free radical measurement 
Eighteen SD rats were randomly divided into three 

groups of six rats each: (1) C, (2) MK, and (3) P-0.4. Blood 
from the right femoral artery of each rat was analyzed 
three times for blood free radical levels. The sampling was 
performed 15 min before occlusion (Before), 30 min after 
occlusion (O-30), and 2 hr after reperfusion (R-2). Whole 
blood (0.3 ml) was sampled for a chemiluminescence (CL) 
assay. After the rats were sacrificed, their brains were 
immediately removed, fixed in 4% paraformaldehyde, 
embedded in paraffin, and finally cut into 20-μm-thick 
sections for immunohistochemistry. 

CL assay for free radicals  
Lucigenin CL counts were measured using the same 

method as in our previous studies (19, 22). Briefly, 0.2 
ml of whole blood was mixed with 0.1 ml of PBS in a 
special chamber unit (Model CLD-110; Tohoku 
Electronic Industrial, Sendai, Japan). CL was then 
measured in an absolutely dark chamber of the CL 
Analyzing System (Tohoku Electronic Industrial). This 
system includes a photon detector (Model CLD-110), 
water circulator (Model CH-201), CL counter (Model 
CLD-110), and 32-bit IBM personnel computer. After 
200 sec of continuous measurement, 1.0 ml of 0.01 mm 
lucigenin (Sigma-Aldrich) mixed in PBS was injected 
into the stainless steel cell to measure CL counts in the 
blood sample continuously. After 600 sec of continuous 
measurement, 0.2 ml of zymosan A (Sigma-Aldrich) 
was added in the aforementioned manner, and the CL 
counts were measured again for 1020 sec continuously. 
Total CL counts were calculated by integrating the area 
under the curve and subtracting it from the background 
level. The data is presented as CL counts/1000 white 
blood cells (WBCs), calculated by dividing the blood CL 
levels by the WBC count.  

 
Immunohistochemical study 

The primary antibodies against proinflammatory 
cytokines used in this study were mouse anti-TNF-α 
(1:200; BD Pharmingen) and anti-IL-1β (1:200; BD 
Pharmingen) antibodies purchased from Bender 
MedSystems (Vienna, Austria). Briefly, 5-µm-thick brain 
sections were washed with PBS and rinsed 3% H2O2 in 
methanol for 15 min to block endogenous peroxidase 
activity and then incubated with 10% normal animal 
serum (LsAB kit, Zymed, San Francisco, CA, USA) for 30 
min to prevent nonspecific binding. Primary antibodies 
were applied to the brain sections for 30 min, which 
were then incubated with biotinylated secondary 
antibodies at 37 °C for 10 min. The tissue sections were 
subsequently incubated with a streptavidin-biotin 
peroxidase-labeled complex for 10 min, followed by 
3,3′-diaminobenzidine tetrahydrochloride solution 
(Liquid DAB substrate kit, Zymed) for 2–10 min, and 
then counterstained with hematoxylin. The sections 
were observed under a light microscope by a 
researcher blinded to section grouping. TNF-α and IL-
1β immunoreactive cell counts in the cerebral 
infarction zone of the third section (Figure 2) from the 
frontal lobe were calculated under a 40 x objective for 
semiquantitative analysis. The data are presented as 
cells/mm2.  
 
Statistical analysis 

All data are expressed as mean±SD. All statistical 
analyses were performed using the Prism 3.02 software 
(GraphicPad Software Inc., CA, USA), and one-way 
ANOVA was applied for multiple comparisons (post hoc 
Tukey test). P<0.05 was considered statistically 
significant. 
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Figure 2. Third brain coronal section from the frontal lobe. The white 
area is the cerebral infarction lesion and the reddish-purple area 
indicates the noninfarction brain. The square within the cerebral 
infarction area indicates the region for immunostaining of tumor 
necrosis factor-α- and interleukin-1β-producing cells 
 

 

Results  
Effects of CTE on the neurological deficits in I/R rats  

Figure 2 lists the neurological deficit scores of each 
group after 24 hr reperfusion following the 90-min 
cerebral infarction. All rats in the C and PBS groups 
developed severe neurological deficits, including left 
forelimb flexion, decreased resistance during lateral 
push toward the paretic side, and circling behavior as the 
rats moved around freely. Neurological deficit scores in 
the P-0.2, P-0.4, P-0.6, O-0.4, and R-0.4 groups were 
significantly lower than those in the C group (all P<0.05). 
MK-801 treatment, as the positive control, also yielded 
neurological deficit scores that were significantly lower 
than those of the controls (P< 0.05).  

Effects of CTE on cerebral infarction in I/R rats 
The infarction lesion remained white and the 

noninfarction area became reddish-purple after staining 
with 2% TTC (Figure 3). Figure 4 presents the brain 
infarction area in each group after I/R. All rats developed 
large infarction areas, reflecting severe I/R injury. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Effects of CT extract (CTE) on neurological deficit scores of 
ischemia–reperfusion (I/R)-injured rats. The scores were assessed 24 hr 
after reperfusion. Data are expressed as means±SD. S: sham group; C: 
control group; PBS: PBS group; MK: treatment with MK-801 group; P-
0.2: pretreatment (P) with 0.2 g/kg CTE group; P-0.4: P with 0.4 g/kg 
CTE group; P-0.6: P with 0.6 g/kg CTE group; O-0.4: P with 0.4 g/kg CT E 
after occlusion group; R-0.4: P with 0.4 g/kg CTE after reperfusion 
group; $ P< 0.05, $$ P<0.01, $$$P<0.001 compared with the S group; * 
P<0.05, **P<0.01, ***P<0.001 compared with the C group; @ P<0.05, @@ 
P<0.01, @@@P<0.001 compared with the PBS group. n=6 in each group 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Effects of CTE on cerebral infarct in I/R rats. Representative 
brain coronal sections (S1–S6) from each group are shown. White 
indicates cerebral infarction, whereas reddish-purple represents 
noninfarcted brain tissue. Brain tissue was stained using 2,3,5-
triphenyltetrazolium chloride. Scale bar=1 cm 

 

The percentages of the cerebral infarction areas were 
0.64%±0.85%, 16.08%±2.56%, 15.94%±2.36%, 5.77%± 
2.02%, 9.66%±1.90%, 5.78%±2.64%, 6.82%±2.02%, 
8.33%±2.59%, and 12.56%±3.53% in the S, C, PBS, MK, 
P-0.2, P-0.4, P-0.6, O-0.4, and R-0.4 groups, respectively. 
CTE pretreatment (P-0.2, P-0.4, and P-0.6) and treatment 
during the occlusive period (O-0.4) yielded significantly 
less cerebral infarction area compared with that of the C 
group (P<0.05). No differences were noted between the 
R-0.4 and C groups. Similarly, the effects did not differ 
significantly between the MK and P-0.2, P-0.4, P-0.6, and 
O-0.4 groups (all P>0.05; Figure 5). 

 
Effect of CTE on free radical levels in I/R rats 

The blood levels of free radicals were determined 
through the lucigenin CL counts (Figure 6). In the C 
group, the lucigenin CL counts were significantly higher 
during the reperfusion period (R-2; 29344±6263) than 
before the I/R injury (19767±3808; P<0.01). Both the 
MK and P-0.4 groups had significantly lower lucigenin CL 
counts in the R-2 period than did the C group (P<0.05). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Effects of Effects of CT extract (CTE) on cerebral infarct in I/R 
rats. Data are expressed as means±SD.* P<0.05,** P<0.01, *** P<0.001 
compared with the C. $ P<0.05, $$ P<0.01, $$$ P<0.001 compared with the 
S; @ P<0.05, @@ P<0.01, @@@ P<0.001 compared with the MK. n=6 in each 
group 
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Figure 6. Effects of CTE on free radical levels (lucigenin 
chemiluminesence counts) in I/R rats. Data are expressed as means     
±SD. C: control group; MK: treatment with MK-801 group; P-0.4: 
pretreatment with 0.4 g/kg CTE group; Before: 15 min before the 
occlusion of cerebral blood flow; O-30: 30 min after occlusion; R-2: 2 
hr after reperfusion. *** P<0.001 compared with the C group, $ P<0.05 
compared with the Before group, @ P<0.05 compared with the O-30 
group. n=6 in each group 
 

Effects of CTE on cytokine expression in infarct 
lesions in I/R rats 

Through immunohistochemistry for TNF-α and IL-
1β, we assessed proinflammatory cytokine expression 
after I/R injury in rat brains (Figure 7). TNF-α-
immunoreactive cells were significantly fewer in the MK 
(92.6±18.7/mm3) and P-0.4 (107.7±17.8/mm3) groups 
than in the C group (337.5±47.1/mm3; all P<0.001; 
Figure 8). Similarly, IL-1β-immunoreactive cells were 
significantly fewer in the MK (86.3±13.3/mm3) and P-0.4 
(96.0±21.5/mm3) groups than in the C group (378.0± 
53.7/mm3; all P<0.001). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Effects of CTE on TNF-α- and IL-1β-producing cells in I/R rats. 
Squares in the cerebral infarction areas indicate immunostained regions. 
TNF-α- and IL-1β-immunoreactive cells (arrows) were significantly 
fewer in the MK and P-0.4 groups than in the C group. Scale bar = 30 µm 

 
 
 
 
 
 
 

 

 

 
 
 
 
 
 
 
 
 
Figure 8. Effect of CTE on the number of TNF-α- and IL-1β-producing 
cells in I/R rats. The numbers of TNF-α- and IL-1β-immunoreactive 
cells were significantly lower in the MK and P-0.4 groups than in the C 
group. ***P<0.001 compared with the C group 
 

Discussion 
The present results indicated that CTE treatment 10 

min before (P-0.2, P-0.4, and P-0.6) and 30 min after     
(O-0.4) the occlusion of blood flow reduced neurological 
deficit scores and cerebral infarction area in the I/R rat 
model. However, when CTE treatment was administered 
during the reperfusion period (R-0.4), the infarct lesion 
resolved slightly. Notably, CTE pretreatment reduced 
blood levels of free radicals and inflammatory cytokines 
in the infarct lesion, suggesting that the effects of CTE on 
I/R brain injury are associated with its antioxidation and 
anti-inflammatory properties. 

Animal models mimicking the pathophysiology, 
including neurological deficits and pathological changes, 
after an episode of I/R injury have been developed (23-
25). In this study, we used a rat model to investigate the 
effects of CTE on cerebral infarction by using the 
occlusion of bilateral CCAs and right MCA described in 
our previous reports (20, 22, 26). Consequently, the rats 
in the C and PBS groups developed cerebral infarct, as 
confirmed through TTC staining (26).  

MK-801, a highly potent and selective noncompetitive 
NMDA glutamate receptor antagonist (the positive control 
here), inhibited free radical and cytokine production in 
this model, as reported previously (27, 28). Oxidative 
stress is a crucial factor in I/R injury in both animal models 
and humans (29, 30). Lucigenin CL has been widely used 
to monitor net mitochondrial superoxide generation in 
vivo (31, 32). Lucigenin CL counts mainly reflect 
myeloperoxidase-catalyzed reactions (33). In addition, 
lucigenin strongly reacts with superoxide anions 
generated by nicotinamide adenine dinucleotide 
phosphate hydrogen oxidase in neutrophils and 
monocytes (34-36). The results were similar to the 
previously reported steady increase in the ROS levels of 
MCAO rats (22). Notably, free radical levels were 
significantly lower in the P-0.4 and MK groups compared 
with those in the C group during reperfusion (R-2), 
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suggesting that CTE and MK either suppress or scavenge 
superoxide anions. CTE contains numerous natural 
antioxidant flavonols including hydroxysafflor yellow A, 
safflor yellow B, and K-3-R (17, 18, 37, 38). These 
components might suppress or scavenge superoxide 
anion to reduce cerebral infarction and improve 
neurological deficits. 

High levels of pro-inflammatory cytokines such as 
TNF-α and IL-1β play a central role in the initiation and 
propagation of the inflammatory cascade and gliosis in 
brain (39, 40). They modulate the volume of ischemic 
damage in experimental model of stroke (40). Microglia, 
intrathecal macrophages, and infiltrating monocyte-
derived macrophages release TNF-α in response to 
numerous internal and external stimuli (41, 42). TNF-α 
mRNA and protein levels are elevated in the ischemic 
cortex as early as 1 hr and peak at 12 hr after MCAO in 
rats (43); furthermore, the administration of neutralizing 
anti-TNF-α antibodies or TNF-α-binding proteins can aid 
in preventing neurological damage in animal stroke 
models (44). In an ischemic cortex, IL-1β release is 
slightly delayed compared with that of TNF-α; however, 
it continues to increase from 12 to 24 hr after MCAO in 
rats (45, 46). The main sources of IL-1β after cerebral 
infarction are microglia and macrophages (39). IL-1β 
may regulate the expression of adhesion molecules and 
NO to affect the cerebral blood flow and blood–brain 
barrier integrity after brain insult (47). The 
administration of recombinant human IL-1Ra or 
inhibition of IL-1-converting enzyme also reduces the 
stroke volume in MACO rats (39). Our results showed 
that CTE pretreatment (P-0.4) reduced free radical levels 
as well as TNF-α- and IL-1β-producing cell numbers. 
However, the detailed molecular mechanisms involved 
in the effects of CTE require further clarification. 
 

Conclusion  
CTE has a neuroprotective role against cerebral I/R 

injury in rats. This effect may be partially attributable to 
the antioxidation and anti-inflammatory properties of 
CTE. 
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