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Abstract

Background: Cerebral ischemia is a common and serious neurological disease. Ephedra-cinnamomi
composed of Ephedra and cinnamomi is a famous herb-pair in Traditional Chinese Medicine. The aim
of present study was to investigate the effect of Ephedra-cinnamomi on cerebral ischemia injury in rats.
Material and methods: Four-Vessel Occlusion (4-VO) method was applied to induce global cerebral
ischemia injury. Rats were treated with Ephedra-cinnamomi (3, 6 and 12 g/kg, i.g.) while the untreated
rates were regarded as the negative control. Then memory capacity was measured by Step through
Passive Avoidance (STPA) test and Morris Water Maze (MWM) test. Pro-inflammatory cytokines levels
were detected by Enzyme Linked Immunosorbent Assay (ELISA). Additionally, the protein expression
levels of Toll-Like Receptor (TLR) 4, myeloid differentiation factor 88 (MyD88) and phosphorylated p38
mitogen-activated protein kinases (p-p38MAPKs) were detected by Western blot.
Results: The results revealed that Ephedra-cinnamomi attenuated the cerebral ischemia-induced
memory deficits and ameliorated histopathological changes. In addition, Ephedra-cinnamomi was able
to reduce the pro-inflammatory cytokines production and inhibit the activation of TLR4/MyD88/p38
MAPK pathway in 4-VO induced rats model.
Conclusion: The results indicated that Ephedra-cinnamomi significantly ameliorates the ischemic brain
injury in rats. Furthermore, the molecular mechanism of improved ischemic brain by Ephedra-
cinnamomi is associated with the inhibition of TLR4/p38 MAPK pathway and the suppression of pro-
inflammatory cytokines production.
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Introduction
Cerebral ischemia is one of the most leading causes of death
and permanent disability worldwide [1]. Ischemic brain injury
is triggered by a series of complicated biochemical and
molecular mechanisms which initiates the ischemic cascade
including excitotoxic glutamatergic signaling, ionic imbalance,
free-radical reactions and inflammation [2-4]. Also, aberrant
activation of inflammation pathways and significant increased
secretion of pro-inflammatory cytokines [5,6] has been
observed in cerebral ischemia. Toll-Like Receptor (TLR) 4, a
member of TLRs family, promotes the activation of Mitogen-
Activated Protein Kinases (MAPKs) and finally results in the
overproduction of pro-inflammatory cytokines including
Tumor Necrosis Factor-α (TNF-α), Interleukins (IL) IL-6 and
IL-1β. Recently, growing evidences have indicated that
activation of TLR4/MAPK pathway contributes to the
development of cerebral ischemia [7,8] suggesting that TLR4/
MAPK pathway may be an effective therapeutic target of
cerebral ischemia.

Ephedra-cinnamomi is composed of ephedra (stems of
Ephedra sinica) and cinnamomi (twig of Cinnamomum
cassia). Clinically, Ephedra-cinnamomi was applied to treat
common cold, rheumatic diseases and cough. Furthermore,
components of ephedra have the ability to accelerate motor
function recovery in rats after cerebral ischemia and promote
neural remodeling [9]. Recently, cinnamaldehyde, the major
constituent of cinnamomi, has been proved to possess anti-
neuroinflammatory activity [10]. The cinnamaldehyde could
effectively ameliorate neurological deficit scores, brain edema
and infarct volume in Permanent Middle Cerebral Artery
Occlusion (PMCAO)-induced cerebral ischemia in rats [11].
However, the effects of the prescription of ephedra-cinnamomi
on the cerebral ischemia are still unknown.

Therefore, this study was to investigate the pharmacological
characteristics of ephedra-cinnamomi on cerebral ischemia. A
rat model of cerebral ischemia was established with the four-
Vessel Occlusion (4-VO). We firstly assessed the effects of
ephedra-cinnamomi on memory behaviors by behavioral
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assessments including STPA and MWM. Then the influences
of ephedra-cinnamomi on histopathological changes in 4-VO-
induced were observed by hematoxylin and eosin (H and E)
stain assay. To explore the role of ephedra-cinnamomi in
inflammatory responses in cerebral ischemia, the levels of pro-
inflammatory factor secretion and expression levels of TLR4/
MAPK signaling pathway was measured in 4-VO induced rats’
model.

Materials and Methods

Animals
A total of fifty male Sprague-Dawley rats (180 ± 20 g) were
purchased from the Laboratory Animal Center of the Southern
Medical University (Guangzhou, China) and the rates were
housed in 23 ± 1°C with 45% humidity. All rates were housed
in a 12 h light/dark cycle with access to water and food freely
for at least 5 d before the experiment. The experiments were
conducted in accordance with the National Institute of Health
Guide for the Care and Use of Laboratory Animals (NIH
Publications No. 80-23, revised 1996).

Drugs and administration
Traditional Chinese medicines ephedra (No. 110901) and
cinnamomi (No. 121001) were purchased from Guangzhou
Zhixin Pharmaceutical Co., Ltd (Guangzhou, China). Both
medicines were identified by Prof. Ji Ma (School of Chinese
Medicine, Southern Medical University, China) and the
preparation of ephedra-cinnamomi (ephedra/cinnamomi: 3:2)
was based on our previous study [12]. The ephedra-cinnamomi
was diluted to 3, 6 and 12 g/kg (irrigation, i.g.) using 0.9%
saline sodium chloride. Then, ephedra-cinnamomi (2 ml/kg)
was administrated to rats by gavage after the day of the
exposure to the surgery of cerebral ischemia once from day 2
to 16 and the drug was administrated 1 h before the behavioral
test. Normal saline was administrated to rats in negative
control groups.

Surgery of cerebral ischemia (d 1)
Rats model of transient global cerebral ischemia was estimated
through 4-VO procedures as previously described [13]. Briefly,
after anesthetization with 10% chloral hydrate (350 mg/kg,
i.g.), common carotid arteries of rats were exposed ventrally
and vertebral arteries were permanently electrocauterized.
Then, rates were routinely allowed to recover from anesthesia
for 24 h. Ischemia was induced by occluding both carotid
arteries using non-traumatic aneurysm clips. The clips were
removed 10 min after occlusion to restore blood flow and
arterial patency. Meanwhile, the rectal temperature was
continuously monitored to prevent hypothermia during
anesthesia and surgery. The same surgical operation was
performed on sham-operated animals without carotid ligation.

Step-through passive avoidance test (d 8 to 9)
Memory evaluation was performed using a step-through
passive avoidance apparatus (Bio Medica, Ltd, Osaka, Japan)
[13]. The apparatus contained a chamber with two
compartments (dark/illuminated), which was divided by a
sliding door. The darkroom has a stainless steel mesh floor for
electric footrest. During training, rats were kept in the
illuminated compartment separately for 1 min and then raised
the door. Once the rats entered the dark compartment, the
guillotine door was closed and the electric foot shock was
performed to rats (0.5 mA, 3 s). The latency to enter the dark
compartment was recorded. Also, the test was performed after
24 h training, the incubation period was recorded using the
same program, but no foot shock was delivered. If rats don’t
enter the dark compartment within 180 s, the rats will be
returned to the home cage and the ceiling score was recorded
as 180 s.

Morris water maze test (d 11 to 16)
To further assess whether the ephedra-cinnamomi and the
exposure to surgery of cerebral ischemia affect the spatial
learning and memory in rats, the Morris water maze test was
conducted. The circular pool (120 cm diameter × 60 cm height)
filled with water (22°C; 38 cm deep) was used. A transparent
circular platform (10 cm in diameter) was set at the east
quadrant, which was 40 cm near the wall and was inundated 2
cm below the water level. The rats were trained twice daily for
5 successive days with an intermission of 3 h between test. The
computer-controlled tracking system was employed to measure
the swimming distance, the latency to reach the platform and
the swimming velocity. Rats were leaded to the platform by
person so that the rats can’t find the platform in 90 s. On
the16th d (i.e., 24 h after the last acquisition test), the platform
was removed and the spatial tracking test was performed. It
allows 90 s for rats to reach the target quadrant and swimming
distance. After the spatial tracking test, the visible platform
trials were carried out for 3 consecutive days. In this section,
the visible platform is located at 1 cm above the surface of the
water and rats were permitted to find the target three times
daily. The result was recorded and analysed.

Enzyme-linked immunosorbent assay (ELISA)
After the behavioral test, the rats were ethically decapitated.
Then the levels of TNF-α, IL-6 and IL-1β in the prefrontal
cortex and hippocampus were measured by ELISA. The
prefrontal cortex and hippocampus sample was prepared with
slightly modified based on the previous study [14]. TNF-α,
IL-6 and IL-1β levels in prefrontal cortex and hippocampus
were assayed with ELISA kits (Raybiotech, USA) respectively.
Then, the Optical Density (OD) values at 450 nm wavelength
were detected for statistical analysis.

Hematoxylin–eosin staining analysis
24 h after the treatment of ephedra-cinnamomi, the rats were
anaesthetized with 10% chloral hydrate and then perfused with
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physiological saline. The brain tissues were removed and
immediately fixed at 4°C in formaldehyde solution overnight.
After dehydrated and embedded with paraffin, the specimens
were cut into 5 µm thick coronal sections. Then, the sections
were deparaffinized, rehydrated, and re-stained with
Hematoxylin and Eosin (H and E), respectively. Finally, light
microscope (Olympus, Tokyo, Japan) examination was
performed to observe the histopathological changes of the
cortex in different groups.

Western blot assay
Total protein extraction of rat prefrontal cortex and
hippocampus was prepared with a standard method. Then
proteins (2 μg) were resolved by 8% SDS-PAGE, and then
electrophoretically transferred to polyvinylidene difluoride
membranes (Millipore, Bedford, MA, USA). Proteinsblots
were incubated with primary antibody for 1h and secondary
antibodies for 45 min at 4°C. Western blot bands were
visualized via enhanced chemiluminescence (Cell Signaling
Technology).

Statistical analysis
Statistical analysis was performed using GraphPad Prism 5.0
(GraphPad Software Inc., San Diego, CA). All data were
presented as the means ± S.E.M. Repeated measures ANOVA
was used to analyse the changes of body weights, speeds and
escape latencies in the MWM test. Other data were analysed
through one-way Analysis of Variance (ANOVA) followed by
Bonferroni's multiple comparison tests. For all results, p<0.05
was defined as significant differences.

Results

Attenuation of cerebral ischemia-induced memory
impairment by ephedra-cinnamomi in the passive
avoidance test
As shown in Figure 1, the latency tested at 24 h after initial
training (One-way ANOVA, p<0.01; Figure 1A) was decreased
and the error time (One-way ANOVA, p<0.01; Figure 1B) was
increased after the surgery. However, both of the above
parameters were reversed by ephedra-cinnamomi (6 and 12
g/kg, i.g.) without affecting the latency during the training
session (p>0.05; Figure 1C). These results suggested that
ephedra-cinnamomi improved cerebral ischemia-caused
memory impairment in the passive avoidance test.

Improvement of memory impairment by ephedra-
cinnamomi in the Morris water maze test
To assess the influence of ephedra-cinnamomi on cerebral
ischemia-induced spatial memory deficits, the Morris water
maze test was performed. Figure 2 showed that no significant
differences was observed in swimming velocity (p>0.05;
Figure 2A). In addition, acquisition trial progressively reduced
escape latency to reach the hidden platform (p>0.05; Figure
2B). It had been displayed that the surgery of cerebral ischemia

decreased the swimming distance in platform quadrant
(p<0.05; Figure 2C) 24 h after the last acquisition trial and
reduced the duration in target quadrant (p<0.05; Figure 2D),
respectively. However, both of the above parameters were
reversed by ephedra-cinnamomi treatment (6 g/kg, i.g. for
swimming distance; 6 and 12 g/kg, i.g. for duration). These
results indicated that ephedra-cinnamomi ameliorated spatial
memory deficit without affecting the local activity.

Figure 1. Effects of Ephedra-cinnamomi on cerebral ischemia-
induced memory deficit in the step-through passive avoidance test in
rats. The latency tested 24 h after initial training (A) and the error
times (B) were increased after the surgery. However, both of the
above parameters were reversed by Ephedra-cinnamomi without
affecting the latency to enter the dark compartment during the
training session (C). ##p<0.01 vs. vehicle-treated surgery (-) group;
*p<0.05, and **p<0.01 vs. vehicle-treated surgery (+) group (n=10).

Figure 2. Effects of Ephedra-cinnamomi on cerebral ischemia-
induced memory deficit in the Morris water maze test in rats. The
swimming speeds (A) during the 6 d acquisition trials in the water
maze test, the escape latency to reach the hidden platform (B),
swimming distance in the platform quadrant (C), and the duration in
the target quadrant (D) were determined. #p<0.05, ##p<0.01 vs.
vehicle-treated surgery (-) group; *p<0.05 vs. vehicle-treated surgery
(+) group (n=10).
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Figure 3. Effects of Ephedra-cinnamomi on the histopathological
changes in the brain of rats. (A) vehicle-treated surgery (-), (B)
vehicle-treated surgery (+) group, (C) Ephedra-cinnamomi (3 g/kg)
treated surgery (+) group, (D) Ephedra-cinnamomi (6 g/kg) treated
surgery (+) group, (12) Ephedra-cinnamomi (3 g/kg) treated surgery
(+) group.

Figure 4. Effects of Ephedra-cinnamomi on pro-inflammatory
cytokines level of the prefrontal cortex and the hippocampus in rats.
TNF-α expression level in prefortal contex (A) and hippocampus (B).
IL-6 expression level in prefortal contex (C) and hippocampus (D).
IL-1β expression level in prefortal contex (E) and hippocampus (F)
#p<0.05, ##p<0.01 vs. vehicle-treated surgery (-) group; *p<0.05,
**p<0.01 vs. vehicle-treated surgery (+) group (n=6).

Effects of Ephedra-cinnamomi on the
histopathological changes in rats brain
To observe the effects of Ephedra-cinnamomi on the
histopathological changes in rats, HE staining has been
performed. As shown in Figure 3, compared with the control

group, ischemia surgery induced obvious infiltration of
inflammatory cells in brain tissues of rats (Figure 3B). By
contrast, Ephedra-cinnamomi treatment significantly alleviated
brain injury (Figures 3C-3E).

Effects of Ephedra-cinnamomi on brain pro-
inflammatory cytokines level in rats
ELISA analysis (Figure 4) demonstrated that the ischemia
surgery significantly increased the TNF-α levels (prefrontal
cortex: p<0.05, Figure 4A; hippocampus: p<0.05; Figure 4B).
However, both of the above parameters were reversed by
ephedra-cinnamomi (6 and 12 g/kg: p<0.05.). Similar to TNF-
α levels, the expression levels of IL-6 and IL-1β were
significantly elevated after ischemia surgery (p<0.05; Figure
4A) and then the expression levels were greatly reduced with
the treatment of ephedra-cinnamomi. These results indicated
that Ephedra-cinnamomi ameliorated cerebral ischemia-
induced memory impairment associated with the reversion of
pro-inflammatory cytokines level in the prefrontal cortex and
hippocampus.

Figure 5. Effects of Ephedra-cinnamomi on TLR4/MyD88/p38 MAPK
protein expression in the prefrontal cortex in rats (A-C) D: Western
blot of the expression of TLR4/MyD88/p38 MAPK protein in rats
prefrontal cortex. #p<0.05, ##p<0.01 vs. vehicle-treated surgery (-)
group; *p<0.05, and **p<0.01 vs. vehicle-treated surgery (+) group
(n=6).

Effects of Ephedra-cinnamomi on the TLR4/MyD88
signaling pathway in rats
We measured the protein levels of TLR4, MyD88 and p-p38
MAPK by western blotting analysis. As illustrated in Figure 5,
compared to the control group, the upregulation of TLR4 and
MyD88 was observed in the model groups regarding the
prefrontal cortex (TLR4: P<0.001, Figures 5A and 5D;
MyD88: P<0.001, Figures 5B and 5D) and hippocampus
(TLR4: P<0.001, Figures 6A and 6D; MyD88, P<0.001,
Figures 6B and 6D). Accordingly, upregulation of p-p38
MAPK was observed in the prefrontal cortex (P<0.001,
Figures 5C and 5D) and hippocampus (P<0.001, Figures 6C
and 6D) of model groups. However, Ephedra-cinnamomi
decreased the expression of TLR4, MyD88 and p38 MAPK
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model groups compared with the control groups (Figures 5 and
6). However, the phosphorylation levels of JNK and ERK were
not affected by ephedra-cinnamomi (data not show).

Figure 6. Effects of Ephedra-cinnamomi on TLR4/MyD88/p38 MAPK
protein expression in rats hippocampus (A-C). D: Western blot result
of TLR4/MyD88/p38 MAPK protein expression in hippocampus.
#p<0.05, ##p<0.01 vs. vehicle-treated surgery (-) group; *p<0.05, and
**p<0.01 vs. vehicle-treated surgery (+) group (n=6).

Discussion
From present study, Ephedra-cinnamomi could alleviate the
cerebral ischemia-induced brain injury and memory deficits.
Moreover, the upregulation of TNF-α, IL-6 and IL-1β both in
the prefrontal cortex and hippocampus after the surgery was
reversed by Ephedra-cinnamomi. Therefore, the underlying
mechanism of the effects of ephedra-cinnamomi may be
associated with the suppression of TLR4/MyD88/p38 MAPK
pathway.

It has been well documented that 4-VO was widely used for
cerebral ischemia model establishment. We found that
Ephedra-cinnamomi ameliorated cerebral ischemia-induced
memory impairment by decreasing the latency and the error
times that were exposed to the surgery. Also, the latency to
enter the dark compartment in rats model groups was not
influenced by the activity of Ephedra-cinnamomi, indicating
that memory behavioral deficits reversed by Ephedra-
cinnamomi were not associated with affecting the locomotor
activity in rats. The step-through passive avoidance test
confirmed by Morris water maze test was proved by reversing
swimming distance in the platform quadrant and the duration
in the target quadrant by Ephedra-cinnamomi treatment.
Although the activity of Ephedra-cinnamomi on cerebral
ischemia is not fully understood, several reports have shown
that ephedra/cinnamomi has the significant effects on cerebral
ischemia/ischemia. For example, a previous study has
demonstrated that cinnamomi may be beneficial to the
treatment of brain ischemia-reperfusion injury partly due to its
anti-inflammatory properties [15]. In addition, the behavior
deficits that induced by cerebral ischemia were improved by
ephedra involving neural remodeling [9]. The previous studies
had been shown to be in line with our present study. Based on

the data from the previous and present researches, it is
suggested that ephedra-cinnamomi is effective in the treatment
of cerebral ischemia.

Little is known about the possible mechanism of ephedra-
cinnamomi in the treatment of cerebral ischemia. The
inflammatory response was closely related to the
pathophysiology of cerebral ischemia [16]. Also, the brain
regions like prefrontal cortex and hippocampus, had been
demonstrated to be closely associated with the cerebral
ischemia [17,18]. Based on these evidences, the role of the
inflammatory cytokine in the activity of Ephedra-cinnamomi in
the prefrontal cortex and hippocampus was evaluated. The
results showed TNF-α, IL-6 and IL-1β levels in the prefrontal
cortex and hippocampus were elevated after exposure to the
cerebral ischemia surgery, which is consistent with the
previous studies [19,20]. However, the increase of
inflammatory cytokines were markedly reversed by Ephedra-
cinnamomi (6 and 12 g/kg, i.g.) in the brain regions, which
suggested that the activity of Ephedra-cinnamomi (6 and 12
g/kg, i.g.) on the animal model of cerebral ischemia was
associated with the decreased level of TNF-α, IL-6 as well as
IL-1β. Consequently, the reduction of TNF-α, IL-6 and IL-1β
in the brain with the treatment of ephedra-cinnamomi
improved the outcome of behavioral deficits of the cerebral
ischemia.

TLR-MyD88 association activates MAPK cascades, which
further induces the expression of TNF-α, IL-6 and the
maturation of IL-1β. P38 MAPK is activated by cellular stress
including hypoxia and ischemia. The inhibition of p38 MAPK
shows protective roles in the focal ischemic injury [21,22].
Moreover, the aberrant activation of TLR4/MyD88/p38 MAPK
signaling has been observed in mice [23] and rats [21] with
cerebral ischemia. In consistent with these studies, we found
that the expression of TLR4, MyD88 and p-p38 MAPK were
significantly elevated after cerebral ischemia surgery, which
suggests the important roles of this signaling pathway in
cerebral ischemia. Importantly, Ephedra-cinnamomi
remarkably inhibited the elevated expression of TLR4, MyD88
and p-p38 MAPK. Therefore, it can be concluded that
Ephedra-cinnamomi may inhibit the activation of TLR4/
MyD88/p38 MAPK in cerebral ischemic injury.

Conclusion
In conclusion, our results demonstrated that ephedra-
cinnamomi improved the cerebral ischemia-induced memory
behavioral deficits. The underlying mechanism was associated
with the reduction of pro-inflammatory in the prefrontal cortex
and hippocampus by inhibiting TLR4/MyD88/p38 MAPK
pathway. The findings suggested that Ephedra-cinnamomi may
be used as a potential neuroprotective drug for cerebral
ischemia. However, further study is still needed involving the
Ephedra-cinnamomi for cerebral ischemia treatment.
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