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We aimed to evaluate the effects of mecobalamin on the cerebral ischemia-reperfusion injury of spontaneously
hypertensivestroke pronerats. 72 male rats wererandomly divided into control group, model group, nimodipine
group, high-dose mecobalamin group, middle-dose mecobalamin group and low-dose mecobalamin group
(n=12). All groups were administrated intragastrically every morning once a day for 7 continuous days. The
model of 2 h of focal cerebral ischemia and 24 h of reperfusion was established by blocking middle cerebral
artery. Neurological deficits were graded with reference to the Longa method. Cerebral edema was determined
using the wet-dry weighing method. The volume of cerebral infarction was measured by triphenyltetrazolium
chloride staining and the levels of tumour necrosis factor alpha, interleukin-1 beta and interleukin-8 were
measured by radioimmunoassay. High and middle-dose mecobalamin significantly reduced the volume of
cerebral infarction, alleviated cerebral edema and improved nerve function compared with those of the model
group (p<0.05). Compared with the model group, high and middle-dose mecobalamin significantly reduced
the levels of tumour necrosis factor alpha, interleukin-1 beta and interleukin-8 in cerebral tissue (p<0.05).
Mecobalamin protected spontaneously hypertensive stroke prone rats from cerebral ischemia-reperfusion
injury, which may be related to the decreased levels of tumour necrosis factor alpha, interleukin-1 beta and

interleukin-8 in cerebral tissue.
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Ischemic cerebrovascular disease, which is a common
complication of hypertension with high incidence,
morbidity and mortality rates, has seriously threatened
the health of human. The treatment mainly aims
to restore cerebral perfusion and prevent cerebral
injury”.  The reperfusion after cerebral ischemia
can save dying cells, but it aggravates the injury
of ischemic cells simultaneously®?. Therefore,
preventing ischemia reperfusion injury is crucial
in the treatment of hypertension complicated with
ischemic cerebrovascular disease®®. Spontaneously
Hypertensive Stroke Prone (SHRSP) rats, based on
the pathological changes of cerebrovascular disease
similar to those of human primary hypertension, have
similar pathophysiological process to that of people
after cerebral ischemia®. Mecobalamin, the chemical
component of which is Alpha (a)-(5,6-dimethyl-
benzimidazol-yl)-Co-methyl-cobamide, promotes
the synthesis of nucleic acid and protein, axonal
transport and regeneration. This study, on the basis of a
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thrombotic cerebral ischemia-reperfusion injury model
of middle cerebral artery of SHRSP rats, aims to observe
the effects of mecobalamin on cerebral ischemia-
reperfusion injury and the levels of Tumour Necrosis
Factor Alpha (TNF-a), Interleukin-1 Beta (IL-1p) and
Interleukin-8 (IL-8) in the cerebral tissue of SHRSP
rats after cerebral ischemia-reperfusion injury, so as to
provide experimental evidence for the prevention and
treatment of cerebral ischemia-reperfusion injury with
mecobalamin.

MATERIALS AND METHODS
Drugs and reagents:

Mecobalamin (0.5 mg/tube, batch No.:110615) was
purchased from Shandong Haishan Medicine Co., Ltd.
Nimodipine (5 mg/tube, batch No.: 100828) was bought
from Tianjin Pharmaceutical Group Xinzheng Co., Ltd.
Triphenyltetrazolium Chloride (TTC) was acquired
from Sigma (USA). TNF-a kit had a measurement
accuracy of 2.5 ng/l with intra-assay variation <10
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% and inter-assay variation <15 %. IL-1p kit had a
measurement accuracy of 1.5 ng/l with intra-assay
variation <12 % and inter-assay variation <13 %. IL-8
kit had a measurement accuracy of 1.5 ng/l with intra-
assay variation <7 % and inter-assay variation <15 %.

Animal grouping and administration:

72 Specific Pathogen-Free (SPF) male SHRSP rats
aged 12 w with the body weights of 230 to 260 g
were purchased from the Experimental Animal Center
of Lanzhou University, Animal certificate: GWXA
(Gan) 20103100. The rats were randomly divided
into 6 groups (n=12): A control group, a model
group, a nimodipine group 5 mg/(kg/d)], a high-dose
Mecobalamin group [MecoH, 5 mg/(kg/d)], a middle-
dose Mecobalamin group [MecoM, 2 mg/(kg/d)]
and a low-dose Mecobalamin group [MecoL, 1 mg/
(kg/d)]. The control and model groups were given
the same amounts of normal saline. All groups were
administrated intragastrically with normal saline or
corresponding drugs every morning, once a day for 7
continuous days.

Rat tail artery blood pressure measurement:

The rat tail artery systolic pressure was measured non-
invasively in the first administration as well as after 2 h
of cerebral ischemia and 24 h of reperfusion by using an
RBP-N computer blood pressure and heart rate meter.

Establishment of the cerebral ischemia-reperfusion
injury model:

The cerebral artery occlusion model was established
according to the suture method in literature 1 h after the
final administration?!. The rats were weighed and then
intraperitoneally injected with 350 mg/kg 10 % chloral
hydrate. After anesthesia, the rats were fixed on the
autopsy table for rats in a supine position. An incision
was made in the neck midline and the neck skin was cut
open to separate cephalic artery, external and internal
carotid arteries respectively. A 0.2 mm small cut was
sheared open in the external carotid artery about 2 cm
away from its proximal end, an embolism line was
inserted from the small cut in the external carotid artery
to gently push the end of the line and slowly push the
line by 8 mm~22 mm in the direction of the internal
carotid artery into the cranium along the internal
carotid artery via the cephalic artery bifurcation,
which was stopped in case of slight resistance. Then
the middle cerebral artery was blocked, when the time
was recorded. The embolism line was pulled out slowly
2 h later for re-canalizing the cephalic artery with the
internal carotid artery, achieving middle cerebral artery
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ischemia reperfusion for 24 h. The control group was
only subjected to being exposed and separated the
cephalic artery, internal and external carotid arteries
and the middle cerebral artery was not embolized. The
room temperature was strictly controlled at 23°~25° to
maintain the rectal temperature of the rats at about 37°.
After cerebral ischemia for 2 h and reperfusion for 24
h, the rats survived are 8, 4, 6, 6, 7 and 6 respectively
in the control group, model group, nimodipine group,
MecoH group, MecoM group and MecoL group. Two
rats were randomly selected from the surviving rats of
each group for future experiments.

Neurological deficit grading:

After 24 h of reperfusion, neurological deficits were
graded referring to the Zea-Longa score method. 0
points: Rats were not observed with symptoms of
neurological deficit and their activities were normal;
1 point: Rats could not fully extend the contralateral
forelimb to the surgery; 2 points: Rats made circles
towards the contralateral side at the time of crawling;
3 points: The body of rats inclined towards the
contralateral side when walking; 4 points: Rats could
not spontaneously walk, progressing to coma.

Determination of cerebral edema using the wet-dry
weighting method:

After neurological deficits grading, the rats were
decapitated to remove the whole brain and then the
ischemic side of the brain was taken to remove the
cerebellum, low brainstem and olfactory bulb and the
water content of cerebral tissue was calculated using
the wet-dry weighting method.

Cerebral water content (%)=(Brain wet weight-dry
weight)/Brain wet weightx100 %. The extent of
cerebral edema was expressed by the percentage of
cerebral water content.

Determination of infarct volume percentage:

After 24 h of reperfusion, the rats were decapitated
to remove the brain and then the cerebellum, low
brainstem and olfactory bulb were removed. The
brain was cut along the coronal plane into five slices
with the thickness basically the same. The slices were
placed in 3 ml of 2 % TTC solution and incubated in
dark for 30 min. The normal brain tissue was red and
the infarcted tissue was white. Pictures were taken by a
digital camera and analyzed using an image processing
software to obtain the percentage of infarct volume to
the total volume of slice of the five brain slices!®.

Determination of TNF-qa, IL-1p and IL-8 levels:
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After 24 h of reperfusion, the rats were decapitated
to remove the brain. Approximately 100 mg cerebral
cortex was taken from the ischemic area, made into
10 % tissue homogenate with normal saline in an ice
bath and centrifuged at 2000 r/min at 4° for 10 min.
The levels of TNF-a, IL-1B and IL-8 were measured
by radioimmunoassay!’!, which was in strict accordance
with the kit instructions.

Statistical analysis:

The measurement data were expressed as (x+s). The
model and control groups were compared by the t test.
The model and other dose groups were compared by
one-way Analysis of Variance (ANOVA). The means
of all groups were compared by the Least Significant
Difference (LSD)-t method, p<0.05 was considered
statistically significant.

RESULTS AND DISCUSSION

Effects of mecobalamin on the systolic pressure of tail
artery were explained here. There were no statistically
significant differences in the tail artery blood
pressures between the rats of all groups before the first
administration (p>0.05). After 2 h of cerebral ischemia
and 24 h of reperfusion, the tail artery blood pressures
of the rats in the MecoL, MecoM and MecoH groups
were not significantly different from that in the model

group (p>0.05), but the tail artery blood pressure of the
nimodipine group slightly decreased (p<0.05) (Table

1.

Effects of mecobalamin on nerve function and cerebral
edema were explained here. The neurological defect
score and brain water content in percentage (%) were
significantly higher in the model group than those in
the control group (p<0.01). The neurological defect
scores and brain water contents (%) were significantly
decreased in the MecoM and MecoH groups and the
nimodipine group compared with those in the model
group (p<0.01 or 0.05) (Table 2). The volume of cerebral
infarction of the model group was higher than that of
the control group (p<0.01). The volume of cerebral
infarction were significantly lower in the MecoM and
MecoH groups and the nimodipine group compared
with those in the model group (p<0.01 or 0.05).

Effects of mecobalamin on levels of TNF-o, IL-1P
and IL-8 were shown here. The levels of TNF-a, IL-
1B and IL-8 in the cerebral tissue of the model rats
were significantly elevated compared with those of
the control rats (p<0.01). However, those levels in the
cerebral tissue of the rats in the MecoM and MecoH
groups and the nimodipine group were significantly
lower than those in the model group (p<0.01 or 0.05)

TABLE 1: EFFECTS OF MECOBALAMIN ON THE SYSTOLIC PRESSURE OF TAIL ARTERY (xts) (mmHg)

Group Before first administration After 24 h of reperfusion
Control 222.34+9.55 227.62+9.08
Model 219.13+7.36 230.92+8.04
MecoL group 217.47+10.48 245.17+11.53
MecoM group 211.1219.29 237.63x12.57
MecoH group 225.35+7.57 247.44+7.07

Nimodipine

221.42+10.58

200.56+6.44°

Note: Compared with the model group, 2p<0.05

TABLE 2: EFFECTS OF MECOBALAMIN ON NEUROLOGICAL DEFICIT GRADING, BRAIN WATER CONTENT

AND INFARCTION VOLUME (xts, n=12)

Group

Neurological deficit grading

. Cerebral infarction volume
Brain water content (%)

(score) (%)
Control 0 78.54+3.41 0
Model 2.20+0.512 91.43+2.522 53.56+3.842
MecolL group 2.09:0.34 88.46+2.73 43.85+4.15
MecoM group 1.71£0.40° 78.93+1.95° 25.22+3.42°
MecoH group 0.52+0.312 64.53+2.812 10.35+3.74°
Nimodipine 1.39+0.82° 82.26+2.27° 19.84+2.40°
Note: Compared with the control group, ?p<0.01; compared with the model group, ®p<0.05
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Fig. 1: Effects of mecobalamin on the levels of TNF-a. Comparison between the model and other dose groups, *p<0.05, **p<0.01;
comparison between the control and model groups, 4p<0.01, (A) Control group; (B) Model group; (C) MecoL group; (D) MecoM

group; (E) MecoH group; (F) Nimodipine group
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Fig. 2: Effects of mecobalamin on the levels of IL-8. Comparison between the model and other dose groups, *p<0.05, **p<0.01;
comparison between the control and model groups, #p<0.01, (A) Control group; (B) Model group; (C) MecoL group; (D) MecoM

group; (E) MecoH group; (F) Nimodipine group
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Fig. 3: Effects of mecobalamin on the levels of IL-1p. Comparison between the model and other dose groups, *p<0.05, **p<0.01;
comparison between the control and model groups, *p<0.01, (A) Control group; (B) Model group; (C) MecoL group; (D) MecoM

group; (E) MecoH group; (F) Nimodipine group
(fig. 1-fig. 3).

Inflammatory factors play an important role in cerebral
ischemia-reperfusion injury and over-expression
of inflammatory factors may aggravate cerebral
hypoxic-ischemic injury. The cascade effect formed by
uncontrolled release of local IL-8, IL-1p and TNF-a in
early cerebral ischemia-reperfusion is the main reason
for brain cell damage!®. IL-8, which is a leukocyte
synthesized and released under the induction of hypoxia
and ischemia by multiple cells such as monocytes,
neutrophils, polymorphonuclear leukocytes, endothelial
cells, etc., is a key factor mediating neutrophil
aggregation. It can, not only serve as achemotactic factor
and activated factor of neutrophils, increase neutrophils
expression of adhesion molecules and enhance the
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activity of cell adhesion on neutrophil surface, but also
can make neutrophil activation and chemotaxis and
induce respiratory burst, release lysosomal enzymes,
to produce large amounts of free radicals, proteolytic
enzymes, superoxide, hydrogen peroxide and other
inflammatory mediators®. IL-1p, which mainly exists
in cerebral tissue!'® and is synthesized and secreted by
glial cells, neuron cells and endothelial cells!'!), can not
only promote B and T cell activation in synergy with
other cytokines, but also can induce the generation
of other inflammatory mediators and strengthen the
adhesion of leukocytes with endothelial cells!'. TL-
1B can also promote inflammatory reaction, increase
the release of excitatory amino acids and oxygen free
radicals, activate endothelial cells to produce a variety
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of tissue factors to participate in cerebral ischemia-
reperfusion injury!"*. TNF-q, as a cytokine with a wide
range of biological activities!'", is a key inflammatory
mediator in ischemic cerebral injury that is secreted
by activated macrophages and monocytes. It is mainly
associated with inflammation and immune response,
performing the function of increasing the permeability
of'vascular endothelial cells and inducing the expression
of cell adhesion molecules!’. TNF-a can activate
polymorphonuclear leukocytes, increase the expression
of leukocyte-endothelial cell adhesion molecules
and promote leukocyte adhesion in capillaries and
gradually penetrate into the cerebral tissue!'®. TNF-a
has an effect of chemotaxis on neutrophils, monocytes
and lymphocytes, which can make aggregation and
infiltration of leukocytes in cerebral tissue and produce
toxic products such as superoxide ion!'”, TNF-o can
promote nerve cells to express inducible nitric oxide
synthase to produce excessive amounts of nitric oxide
and induce the formation of free radicals to exacerbate
oxidative damage!'®). TNF-a can induce the release of
excitatory amino acids and promote cascade reaction of
calcium overloading injury after cerebral ischemial’”,
IL-1p and TNF-o can also activate other cells to
produce a variety of cytokines, such as induction of IL-8
synthesis®’. Interaction among IL-1p, TNF-o and IL-8
forms network effects for synergistic proinflammation to
cause local inflammation expansion, so as to aggravate
cerebral injury?!l. This study showed that the cerebral
tissue of rats in the model group suffered from large
infarct volume and significant neurological deficits,
indicating that the modeling of focal cerebral ischemia
was successful. The expression of TNF-a, IL-1p and
IL-8 was significantly increased in the rats of the model
group, which is consistent with previous literatures**-*,
The MecoL. had not obviously protective effect on
cerebral ischemia-reperfusion injury. While MecoM
and nimodipine had a certain protective effect on it and
could reduce the expression of TNF-a, IL-1f and IL-8
in ischemic brain tissue. The MecoH could significantly
alleviate the neurological deficits and brain edema of
rats after cerebral ischemia-reperfusion, reduce infarct
volume of cerebral tissue and inhibit the expression of
TNF-a, IL-1pB and IL-8 in cerebral tissue after ischemia
reperfusion.

In summary, by inhibiting the expression of TNF-a, IL-
1B and IL-8 in ischemic brain tissue, mecobalamin can
suppress the infiltration of inflammatory cells in cerebral
tissue after cerebral ischemia-reperfusion, inhibit the
generation of adhesion cytokines, reduce the formation
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of oxygen free radicals and the release of excitatory
amino acids, inhibit cascade reaction of inflammation
after cerebral ischemia-reperfusion, exerting protective
effects on cerebral ischemia-reperfusion injury upon
SHRSP. Further in-depth studies are ongoing in our

group.
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