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ABSTRACT

To observe whether cannabinoid receptor (CB1R) agonist improve
neurological function accompanied by an increase in Brain-Derived
Neurotrophic Factor (BDNF), mediated by C-FOS and adecreasein PKA
C-B in cerebrum cortex after intracerebral hemorrhage (ICH) in rats.
Intracerebral hemorrhagemodel of rat wasmade by V11 Collagenase, which
waskilled for brain tissue as specimenswith 24 hours. The mRNA levels
of PKAC-B, C-FOS and BDNF expression were detected by semi-
quantitative RT-PCR. The expression of PKAC-B, C-FOS and BDNF
proteinswere determined by Western bl otting and immunohi stochemistry.
Intraperitoneal (i.p.) injection of WIN55-212-2 could obviously improve
some nervous deficit symptoms and increased the mRNA and protein
levelsof BDNF. Increased BDNF synthesiswasaccompanied by increased
activation of C-FOS and downregulation of PKA intheipsilateral cerebral
cortex prepared from WIN55-212-2 rats. PKAC-B, C-FOS, and BDNF
proteins are expressed on membrane of neuron, nucleus of neuron or the
cytoplasm of glial cellsrespectively. The expression of BDNF isinduced
not only by activation of C-FOS, but also by inhibiton of PKA through
stimulation of MAP kinasein WINS5, 212-2 rats.
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INTRODUCTION

ICH isbleedingin thebrain caused by therupture
of ablood vessel inthehead. Bloodirritatesthebrain
tissues, causing cerebral swelling. It cancollectintoa
masscalled ahematoma. Either swellingor ahematoma
will increase pressure on nearby braintissuesand can
quickly destroy them. Sotheclinical symptomsusualy
devel op suddenly, without warning, often during activ-
ity. Intracerebral hemorrhagic strokeaccounted for 10%

-25% of stroke. In central nervous system (CNS),
cannabinoids(CBs) can be broadly defined ascom-
poundswith actions on cannabinoid receptor I to pro-
tect theneurons. When CB1R isactivated, it will trig-
ger acascade of intracel lular changes. Signalling path-
ways have been thefocus of researchinto the mecha-
nismsof cannabinoids. Signa transduction mechanisms
of CB1R-mediated includeinhibition of adenylyl cy-
claseand N-type Ca*, but stimulation of MAPkinase
and PI3K/PKB!™. BDNF binding toTrk receptor is
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important for synaptic plasticity and neuroprotection.
Cannabinoidssigndling pathwayshavean effect onthe
expression of BDNF through regulation of CREB. So
the scientistsmakean effort to find therel ation between
CB1R and BDNF. CB1 receptor stimulation may regu-
lateMAPkinaseactivity indirectly throughitseffects
on cCAMP accumulation, inducing the expression of
BDNF?24, Cannabinoidsmay inducethe expression of
C-FOS, containing both serumresponsed ement (SRE)
and cAMPresponsedement (CRE) intheir promoter,
whichisimportant toincreasethelevelsof BDNF4.
Themain purpose of our experiment isto explorethe
effect of WINS5, 212-2 on the expression of PKAC-
B, C-FOS and BDNF in ipsilateral cortex, so asto
provideatheoretical basisfor CBstreating ICH.

ANIMALSAND GROUPS

The study was performed according to the guide-
linesof thelngtitutionad Anima Care Commiittee. forty-
eight (48) male SD rats, of clean grade, weighing from
180 to 220g, were provided by Animal Center of
chongqing medical university. Theratswererandomly
divided into 6 groups. Group 1: WINS55, 212-2 high
dosegroup(5mg/kg). Group 2: WINS5, 212-2 middle
dose group(3mg/kg). Group 3: WINS55, 212-2 |low
dosegroup( 1mg/kg). Group 4: Nimodipineinjection
control group(1mg/kg). Group 5: Model control group
(saline and DM SO compounds ). Group 6: Sham-
operation control group(saline and DMSO com-
pounds).

DRUGSAND ADMINISTRATION

(R)-(+)-[2, 3-Dihydro-5-methyl-3[ (4-
morpholinyl)methyl]pyrrolo[1, 2, 3-de]-1, 4-
benzoxazinyl]-(1-ngphthd enyl)methanone mesylate salt
(WINS5, 212-2), batch number: 027k4604, offered
by America Sigmacompany. Nimodipine, batch num-
ber: BXCC7K 1, wasfromthefirst affiliated hospital of
chong ging medical university. WIN55, 212-2 were
dissolvedin 60% dimethyl sulfoxide (DM SO) and sa-
line. Thecontrol groups, except Nimodipinegroup, re-
caivedinjectionsof vehicle(60% DM SOinsdine). The
ratswereinjected by theintraperitoneal route, thirty
minuts after the operation.

SURGERY

Ratswere anesthetized with intraperitoneal pen-
tobarbital (40mg/kg) and then were placedin aste-
reotactic frame. Thescap wasincised longitudinally
inthe midline and a 1mm burr holewas madein the
skull, using adental drill at Imm posterior and
3.2mm lateral to bregma. Asterile needlewasthen
lowered vertically into the right caudate nucleus at
5.6mm. Collagenase VIl (Sigma) 0.5u/2ul werein-
jected into right caudate nucleusof ratsin ICH groups
respectively. The same operation was taken in sham-
operation control rats, but infused with saline. The
needle wasremoved and the skull sealed. Following
surgery, neurological functionwas graded using the
longascores. Zero point represented normal scores,
One point indicated that the rats could not extend
their left anterior limbs, Two pointsindicated that the
rats circled to theleft, Three points described tum-
bling towardstheleft, Four points represented con-
scious disturbance, with nowalking. Rat scoring 1-3
pointsindicated successful model establishment. The
rats, choosed for the experiment, werekilled 24 hours
after the operation.

IMMUNOHISTOCHEMISTRY

Theratswere sacrificed 24 h after the operation.
Ratsweredeeply anesthetized with pentobarbital (40mg/
kg, i.p.) andtranscardialy perfused with phosphate-
buffered sdine(PBS, pH 7.4) followed by 4% paraform-
adehydein PBS. Their brainswereremoved, postixed
inthesameixative for 24 h. Serial tissue sections were
cutinthevertical meridian. Thethicknessof sectionsis
5um. Immunohistochemica Staining of PKAC-B, C-
FOS and BDNF Protein was conducted according to
theinstruction of SABC kit (Boster, China) . Sections
wereincubated with mouse anti- rat polyclonal anti-
body PKAC-B(1:120, Bioworld, US), C-FOS
(2:120, Bioworld, US) or BDNF (1:50, Santa Cruiz,
US) followed by incubationwith biotinilated anti-rabbit
1gG and the streptavidi peroxidase complex. The posi-
tive cellswere observed and itsimages were obtained
under light microscope (Leica, Germany). All sections
were analysesunder the same magnification timesand
thesamelight intengity.
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SEMI-QUANTITATIVE RT-PCR

Ratsweresacrifced at 24 h after reperfusion with
0.9% sdinesolution. Ipsilaterd cortex of Cerebrumwas
rapidly harvested, frozen and pooled under 80°C for
future use. Total RNA was isolated from cortex ac-
cording tothemanufacturer’s (Bio-flux, China) instruc-
tions. 1ug of total RNA was transcribed into cDNA
usingAMYV reversetranscriptase (Bio-flux, Chinese)
with 0.5ul oligo-(dT)18 (Bio-flux, Chinese) asprimers.
The Primers(Shshio-Genosys) arelistedin TABLE 1.
Theannealing temperatureis54°C for PKAC-$, 601
for C-FOS, 62 | for BDNF or 571 for ®-actin. The
PCR specific optimum cyclenumbersof amplitcation
were operated as follows: 30 cyclesfor PKAC-B or
C-FOS, 35 cyclesfor BDNF, and 28 cycles for 3-
actin. Amplified cDNA wasthen separated by el ectro-
phoresisin 2% agarose (Biowest, Bio Sun, China) gels
stained with ethidium bromide (Promega, US). Band
sizewasrecognized using DNA ladder and itsoptical
density was measured using Bio-Rad video imaging
system. Quantification wasperformed by expressing
the optical density (OD) of the respective bands as
percent of B-actin.

US), anti-BDNF (1:100;SantaCruiz, US) or anti-f-
Actin (1:500; ABZOOM, UY) antibodiesin blocking
buffer overnight at 4°C. After incubation withahorse-
radish peroxidase-coupl ed secondary antibody (1:3000,
Beyotime, China) for 2h at room temperature, bands
werevisuaized using the ECL detection system. The
membranewas subsequently exposed to photographic
film. Theoptical densities (ODs) of bandswere ca cu-
lated using Bio-Rad video imaging system. Quantifica:
tionwasa so performed by expressing the optical den-
sity of the respective bands as percent of 3-actin.

Statistical analysi sComparison of two groupswas
made using one-way analysis of variance (ANOVA),
and Pvaluesof <0.05were considered to have statis-
tical Sgniticance.

EXPERIMENTAL DATAANDANALYSIS

Theposition of PKAC-B, C-FOSand BDNF ex-
pression in thecdl detected by immunohistochem-
istry

PKAC-B, C-FOS, and BDNF proteins are ex-
pressed on membrane of neuron, nucleusof neuron or

TABLE 1: Theprimer sequencesof PK AC-B, C-FOS,BDNF and B-Actin

Target gene Sequence Target size(bp)

PKAC-B Forward primer GGTTCGCCAAGAGAGTCAAG 110bp
Reverse primer CCACCAGTCCACTGCCTTAT

C-FOs Forward primer AGGCTGACTCCTTCCCTAGC 150bp
Reverse primer ATGCACCAGCTCAGTCAGTG

BDNF Forward primer CATCTTAGGAGTGGAAAGGGTG 355bp
Reverse primer TATGAAGCCACCTAATCGACCT

B-actin Forward primer GATGACCCAGATCATGTTTGA 535bp

Reverse primer

TTGGCATAGAGGTCTTTACGG

Western blotting Cerebra cortex washomogenized
inlysisbuffer, Cell lysateswere centrifuged at 12, 000g
for 15min, and protein content was measured using the
BCA assay. Sampleswerediluted 1:1in PBSand de-
natured at 95°C for 5 min. Proteins (50ug/lane) were
separated by SDS-PAGE (10% or 12% resolving gel)
andtrangferred onto PV DF (polyvinyldifluoridine) mem-
branesby semidry transfer. Blotswereblocked for 1h
at room temperaturewith bl ocking buffer andincubated
withrabbit polyclond anti-PKAC- (1:120;Bioworld,
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thecytoplasmof glia cellsrespectively (Figure 1).

Theeffect of CB1R agonistsWIN55, 212-2 on the
MRNA expressions of PKAC-B, C-FOS and
BDNF in Ipsilateral cortex of cerebrum (Figure
2)

C-FOS and BDNF mRNA expression in
nimodipine was obviously upregulated(P<0.05vs
modd). Compared to nimodipine, WIN55, 212-2 sig-
nificantly increased thelevel s of C-FOS and BDNF

Hn Tudian Jounual



BTAIJ, 8(12) 2013

Li Zhu, Min Li et al.

1623

————, FyLL PAPER

e O .

Figure 1 : Protein expression of BDNF,
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Fig 2. Effect of treatment with WIIN55,212-2 on the PAEC B .C-FOS and BDMF mRIA EXprEssion ir
ipsilateral cortex at 24 h after ICH. A1l drugs were injected i.p. 30 minuts after the operation. Data
were shown as the mean® 8D from three independent repeats " P<0 05ws Model, *P=0 05ws
Model, ¥P<0.05vs nimodipine

MRNA. Nimodipine had no significant effect on the
expression of PKAC-BmRNA(P>0.05vs model).
However, WINS5, 212-2 significantly reduced levels
of PKAC-BmRNA expression as compared with
nimodipine

The effect of CB1R Agonists WIN55, 212-2 on
theproteinsexpression of PKAC-p and BDNF in
Ipsilateral Cortex of Cerebrum (Figure3)

Theexpression of BDNFin nimodipinewasobvi-
ously upregulated (P<0.05vs model). Compared to
nimodipine, WINS5, 212-2 significantly increased the

and C-FOS in cortex by immunohistochemistry (x400)
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Fig.3. Effect of treatment with WIN55,212-2 on PKAC- B and BDNF proteins
expression in ipsilateral cortex at 24 h after ICH. All drugs were injected i.p.

30 minuts after the operation. Data were shown as the mean®SD from

three independent repeats. * P<0.05vs Model, * P=0.05vs Model, # P<0.05vs
nimodipine

expression of BDNF protein. Nimodipinehad nosig-
nificant effect on the expression of PKAC-Bprotein
(P>0.05vsmodel). However, WINS5, 212-2 signifi-
cantly reduced the expression of PKAC-Bprotein as

compared with nimodipine.
CONCLUSIONS

Inrecent years, the scientistsareinteresting in the
relation between CB1R and BDNF. Khaspekov et a.
report that genetic suppression or pharmacol ogical an-
tagonism of CB1R blocks the production of BDNF
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following toxic administration of kainicacid, suggesting
that BDNF may be another important mediator of the
neuroprotective effectsof CBS> ¢, Derkinderenet d.
also found that Cannabinoidsinduced the expression
of BDNF mRNA through activation of MAPK/ERK
pathway!. In 2008, March et al. further proved that
such BDNF up-regulaion coincideswithahigher binding
activity and anincreased protein expression of CB1R
inrat mode of striata excitotoxicityt”). Incontrast, some
scholarsfound that WIN 55, 212-2 significantly re-
duced BDNF levelsin hippocampus, cortex or cer-
ebellum. Asfor this phenomenon, differencesin the
moded systemsused should betaken into account when
discussing such discrepancies® 9. Theresult of our ex-
periment isconsi stent with former. WINS5, 212-2 Sig-
nificantly increese BDNF inipsilatera cortex.

Varioussgndling pathways, through CREB —me-
diated, canregulateanumber of genesknownaslate
response genes, which controled the expression of neu-
rotrophicfactors, suchasBDNF. Thismechanism may
be particularly important for long-term changesingene
expression, and necessary for neuron protection. ;CAMP/
PKA isoneof thebest characterized cannabinoid sig-
naling pathways.

Childersand Deadwyler first reported that cannab-
inoidsbind to receptorsthat coupleto Gi/o-proteins
andinhibit adenylyl cyclasein 199619, After nearly 10
years, Huang CC and Kim SH al so demonstrate that
the neuroprotectiveeffect of cannabinoids, acting through
CB1R and Gi/o proteins, depend on suppression of
cyclicAMPsignding through protein kinaseA™3, Our
resultsisconsistent with thisconclusion. WINSS5, 212-
2 reduced the expression of PKAC-Binipsilateral cor-
tex. PKA containscatal ytic subunitsof a, 3 andy, and
thefisubunit isthehighest concentrationinneurons, which
IS necessary for synaptic plasticity. So we choose
Bsubunit inour experiment. In mousehippocampus, D9-
THC induced the expression of immediate-early gene
(IGEs) productsincluding BDNF and C-FOS proteins,
through CB1R-mediated activation MAPkinase. In-
terestingly, CB1 receptor stimulation may also regulate
MAPkinaseactivity indirectly throughitseffectson
cAMPaccumulation. A decreasein cCAMPlevels, and
consequently in PK A activity, may participatein the
stimulatory effectsof CB1 activation onthe MAPKki-
nase signal pathway. This mechanisms suggest that

BioTechnology — o

WINS5, 212-2 may increasetheexpresson of theBDNF
throughinhibition of PKA activityin|CH modd (234,

IGE C-FOSregulatesmany cdlular functionssuch
ascell growth, transformation and apoptosis. C-FOS
undergo rapid induction after extracellular stimulus,
whichisnot only implicated in neurona apoptosisbut
also important for recovery. C-FOS contains both
SRE and CRE, whichisimportant for regulating the
expression of BDNF4, Therefore, wefocusour aten-
tionon C-FOS, in addition to PKA.

Asearly as10yearsago, Mailleux Peta. discover
that intraperitoned injection of cannabinoid agonistssg-
nificantly increasesin concentration of themRNAsfor
C-FOS, C-JUN and ZIF-268 in the cingulate cor-
tex™, In consistent with Mailleux P, Derkinderen eta
also showed that acuteinjection of THC not only in-
creasethe protein levlelsof C-FOS, but also induce
BDNF and Zif268 mRNA transcription through the
ERK signaing pathway in hippocampus®. Theresult
of our experiment also supported thisconclusion.

In short, our results show that WINS5, 212-2
evoked aconcentration-dependent increasein C-FOS
and BDNFinrat cortex of ICH, but adecreasein PKA.
WINS5, 212-2 are better in protecting the neurons
compared with nimodipine. Inthe 24 hours after intra-
peritonedly injection, BDNF wasincreased accompany
with C-FOS, suggesting that C-FOS positively regu-
late the expression of BDNF. In contrast, PKA was
reduced by WINS55, 212-2, but it may induce the ex-
pression of the BDNF through activation of MAPKki-
nase. Thismechanism needsfurther demonstrated.

Thefunctiond crosstak between CB1 receptor and
BDNF signallingisso complicated that still not clear.
However, evidenceisemerging to suggest that cannab-
inoidsincreasethelevel of BDNF. Thisconclusonwill
be hel pful in guiding future studies on mechanisms of
cannabinoi ds neuroprotection and might represent a
promising target for treatment of cerebrovascular dis-
€ases.
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