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Abstract
Background: Cannabinoid type 2 (CB2) receptor agonists can protect myocardium against 

report the antiapoptotic effect of CB2 receptor agonist, JWH133, during myocardial ischemia/
reperfusion injury and potential underlying mechanisms. Methods: 
by blocking left coronary artery of rat for 30 min. After ischemia for 30 min, the rat heart was 
reperfused for 120 min by loosing the ligation of blocking left coronary artery. JWH133 (20 
mg/kg), a CB2 receptor selective agonist, or vehicles were injected intravenously 5 minutes 

m) 

c Results: 

to vehicle-treated group. Further mechanistic study revealed that activation of CB2 receptor 
by JWH133 inhibited the loss of m, reduction of the cleaved caspases-3 and -9, release 
of mitochondrial cytochrome c to the cytosol, and increase of phosphorylated Akt. These 

receptor antagonist AM630. Conclusion: Our results demonstrate that activation of CB2 
receptor by JWH133 prevent apoptosis during ischemia/reperfusion through inhibition of the 

pathway.
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Introductionndocannabinoid system, hich comprises speci ic cannabinoid receptors, endo eno s li ands endocannabinoids , and synthetic and de radati e path ays , is a ne  therape tic tar et in ariety o  disorders, s ch as in lammation and tiss e in ry, incl din  cardio asc lar system  mon  o  them, at least t o types o  cannabinoid  receptors,  and  receptor, ha e been o nd and cloned ,  t has been reported that  and  receptors are idespread in many tiss es incl din  cardiac myocyte ,  mer in  e idence s ests that  receptor elicits protecti e e ects d rin  early steps o  ischemiareper sion  in ry  hile inc bation ith  a onists, in arct si e is red ced either be ore ischemia or d rin  reper sion ex vivo or in vivo ,  onsistently ith these res lts, bloc ade o   receptors eliminates cardiac protecti e e ect o  endocannabinoids in rat isolated hearts e posed to lo lo  ischemia and reper sion ,  rthermore, a sin le dose o  the  receptor a onist, , can red ced in arct si e o  myocardi m  he mechanistic in esti ations re eal that the protecti e e ect o   receptor may ascribe to red ction o  cardiac le ocyte recr itment, red ction o  s pero ide eneration, or increase o    and  phosphorylation  poptosis, a enetically controlled pro rammed cell death, has been o nd to play a critical role d rin   in ry in mammals  ardiomyocyte apoptosis has been sho n e ist in di erent cardiac disease o  mammals , , s ch as ischemic heart disease, heart ail re and  s apoptosis or its nderlyin  caspase acti ation  mechanism can ca se necrosis, caspase inhibitors are sed to red ce in arct si e a ter  ,  ecent st dies reported that  receptor as in ol ed in antiapoptotic e ect d rin  , and,  receptor a onist  co ld red ce cardiomyocyte apoptosis  any st dies sho  that mitochondria plays important roles in apoptosis  a  they s pply  that is necessary or e ec tion o  apoptosis  b  they release cytochrome c and apoptosis ind cin  actor proteins that are in ol ed in caspase acti ation and n clear ra mentation  y ar, it is still ncertain hether antiapoptotic e ect o   receptor is related to mitochondria path ayere e e al ated the antiapoptotic e ect o  the  selecti e a onist  in myocardial  rat model  mportantly, e in esti ated the mechanisms nderlyin  the antiapoptotic e ect o   e demonstrated that  inhibited the mitochondriamediated apoptotic path ay d rin   in ry, in hich process t si nal path ay mi ht be in ol ed  his or  pro ided mechanistic insi hts into the antiapoptotic nction o   receptor in heart  
Materials and Methods

Animalsperiments ere carried o t in ad lt male pra e a ley rats ei htin   obtained rom the perimental nimal enter o  ebei ro ince  his st dy as per ormed con ormin  to ide or the are and se o  aboratory nimals described by irecti e  o  the ropean arliament  nimal or  as appro ed by the thics ommittee or nimal periments o  the ebei edical ni ersity, in compliance ith , and carried o t in compliance ith hina o ernment idelines  n this e periment, total o   rats ere sed  here ere  ro ps, and each e perimental ro p had  rats  n addition,  rats ere e cl ded or technical or other reasons
In vivo I/R injury of the rat heartats ere anestheti ed ith pentobarbital  m , i p  and the body temperat re as maintained at   nimals ere entilated ith a rodent entilator , hen d   echnolo y o td , hina  at  to  breaths per min te ith tide ol me o  abo t  ml  lectrocardio ram  in lead II to ether ith the blood press re o  carotid artery ere contin o sly monitored and recorded sin  a data ac isition system o er ab  s,  nstr ment, stralia  e t thoracotomy as per ormed in the rd or th intercostals space, and pericardi m as opened to e pose the heart    sil  s t re as passed 
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aro nd the le t descendin  artery  ter stabili ation o  cardiac nction or  min, myocardial ischemia as prod ced by li atin   and reper sion as prod ced by loosin  the li ation  lassical ischemic si n ollo in  coronary arterial occl sion as indicated by a si ni icant se ment ele ation in  immediately a ter  li ation, to ether ith a sli ht blood press re red ction i   he coronary artery as occl ded or  min tes ollo ed by min te reper sion,  nits o  sodi m heparin ere i en intra eno sly be ore coronary artery occl sion  ham operated rats ere treated ith the same s r ical protocol as described b t itho t occl sion  t the end o  reper sion, hal  o  the rats in each ro p ere sacri iced and le t entricles ere ta en o t or in arct si e determination  he other hal  o  the rats in each ro p ere sacri iced and the le t entric lar tiss es incl din  ischemic and non ischemic areas ere randomly separated into se eral parts or , estern blot and lo  cytometric meas rements
In vivo drug treatment and the  anta onist  ere obtained rom n o i e ciences td  , and  and  ere dissol ed in  ats ere randomly assi ned into ro ps to recei e  at a dose o   m  or ehicle   min be ore ischemia by intra eno s in ection  he selecti ity o  this dose o   as in accordance ith the report o  ontec cco et al   ome rats ere pretreated ith   m  or  inhibitor ortmannin  , i ma orp ,  by intra eno s in ection  min be ore in ection o   onset  his dose o  ortmannin as in accordance ith o r pre io s report 
Determination of area at risk (AAR) and infarct size (I)t the end o  reper sion, both aorta and  o  rats ere li ated completely and  ans bl e  ml, i ma orp ,  as in ected to the heart ia le t ree entric lar all or delineation o  area at ris  hen the heart as remo ed ic ly and ro en  ter remo al o  atri m and ri ht entricle, the le t entricle as sectioned into  mm trans erse sections rom ape  to base  slices heart  ollo in  de rostin , the slices ere inc bated at   ith  triphenyltetra oli m chloride  in phosphate b er p   or  min, i ed in  ormaldehyde sol tion and photo raphed ith a di ital camera anon nc , apanese  to distin ish clearly red stained iable tiss e and nstained necrotic tiss e  ormal myocardi m stained by ans and  loo ed bl e, ischemic myocardi m that as not in arct stained by  loo ed red, and in arct myocardi m nstained by either ans or  loo ed pale  rea at ris  incl ded red area and pale area  he di erent ones ere determined sin  ima e processin  system  , ian s  hina  rea at ris   and le t entric lar in arct one  ere e pressed as percenta e o  entricle s r ace  and area at ris   , respecti ely
TdT-mediated dUTP in situ nick-end labeling (TUNEL)he le t entricle tiss e samples ere obtained at the end o  the reper sion, i ed in  para ormaldehyde, para in embedded, and sectioned   stainin  as per ormed in depara ini ed and rehydrated sections accordin  to the demands o   assay it n it  ell poptosis etection it ,  ter  stainin , the sections ere co nterstained ith hemato ylin  otal cardiomyocytes and  positi e cells in the specimens ere co nted by li ht microscopic analysis  i e hi h po er ields  o  each section ere randomly selected  he ratio o  positi e cells to total cardiomyocytes as apoptosis inde  

easurement of mitochondrial membrane otential ( m) o prepare mitochondria or meas rin  m by lo  cytometry at the end o  reper sion, the le t entric lar myocardi m o  rats that nder ent  as e cised and rapidly minced ollo ed by 

Fig. 1. rterial blood press re  and lectrocardio ram  be ore and a ter liation o  the le t descendin  coronary    and  be ore li ation o  the le t descendin  coronary    and  a ter li ation o  the le t descendin  coronary
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homo eni ation ith a olytron homo eni er lo  settin   and then ith a otter homo eni er  p and do n stro es at  rpm  in  ml o  a cold b er containin   m  mannitol,  m  s crose,  m  ,  m  , and  m  atty acid ree bo ine ser m alb min, p   at  omo enates ere centri ed at g or  min, and s pernatants ere centri ed a ain at , g or  min  ter mitochondrias ere collected by centri ation, mitochondrias ere stained ith  hodamine  or  min and analy ed by  alib r ystem ecton ic inson, 
Isolation of cytosolic fractions from rat heart o meas re cytochrome c release rom mitochondria, the le t entric lar myocardi m o  rats as e cised and rapidly minced ollo ed by homo eni ation ith a olytron homo eni er and then ith a otter homo eni er  p and do n stro es at  rpm  in  ml o  cold b er containin   m  mannitol,  m  s crose,  m  ,  m  , p  at  omo enates ere centri ed at g or  min, and s pernatants ere centri ed a ain at , g or  min  he inal s pernatants, correspondin  to the cytosolic ractions, ere collected, and a protease inhibitor phenylmethanes l onyl l oride  m  i ma orp ,  as added  he s pernatants ere immediately ro en at  ntil determination o  protein concentration and analysis o  cytochrome c ith estern blot techni e
Western blotamples o  cytosolic proteins or cytochrome c assay ere obtained by abo e method  roteins rom hole cells o  le t entricle a ter reper sion ere e tracted in lysis b er containin   m  ris l p  ,  m  a l,  ,  ,  m  a ,  m  ,  m  a , and complete protease inhibitor coc tail tablet oche orp , iss  roteins   per lane  ere electrophoresed thro h polyacrylamide els and trans erred by electroblottin  onto  membranes  embranes ere bloc ed or  h in   non at mil  be ore inc bation ith appropriate dil tions o  cytochrome c antibody pitomics nc , , clea ed caspase  and clea ed caspase  antibodies ell i nalin  echnolo y nc , , t and p t antibodies io orld echnolo y nc ,  as ell as correspondin  secondary antibodies  he blots ere de eloped sin  the  system mmobilion  estern, illipore  and ere analy ed by antity ne o t are io ad,  rotein contents ere normali ed by lyceraldehyde phosphate dehydro enase , anta r  le el

Fig. 2. dministration o   a onist   m  red ced inarct si e o  heart serin  ischemia repersion  in ry   epresentati e ima es o  stained heart slices   anti ication o  area at ris   per entricle s r ace  and in arct si e  per  ehicle or  as administrated  min be ore ischemia, and the  anta onist  m  or  inhibitor ortmanin  as i en  min be ore administration o   onset  ata ere e pressed as mean , n  or each ro p   vs  vehicle group, #  vs   group
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Statisticsata ere e pressed as mean   he di erences o  the parameters bet een prior and posterior to dr  application ere analy ed by paired t dent s t test  i erences bet een ro ps ere e al ated by one ay  ollo ed by nnet s post hoc test  tatistical si ni icance as accepted at  
Results

JWH133 reduced cardiac injury in I/R ratso test the therape tic nction o  selecti e  receptor acti ation, rats ere treated ith  receptor a onist   m  or ehicle be ore ischemia  he histolo ical e al ation re ealed an area at ris   o  appro imately  in the ario s treatment ro ps  he in arct si e as si ni icantly smaller in  treated rats  o   compared to ehicle treated rats  o   he e ect o   as inhibited by  receptor anta onist   m  or  inhibitor ortmannin   i   he  or ortmannin alone had no e ect on  or ehicle treated rats data ere not sho n  hese res lts s ested that  receptor a onist  co ld red ce cardiac in ry in  rats
JWH133 reduced apoptosis index (AI) in I/R ratsytoplasm o  positi e cells as shrin ed b t plasma membrane as inte ral, rthermore the n cle s ere py notic and mar inated to the periphery o  cell membrane, 

Fig. 3. ect o   on apoptosis inde  o  myocardi m a ter  min repersion as analysed by nnel  epresentati e ima es ere sho n  anti ication o  the apoptosis inde   hich as the ratio o  positi e cells to total cardiomyocytes  ata ere e pressed as mean  n  in each ro p  ,  s  ham ro p, #  s  ehicle ro p,  s   ro p  hotoes ere  stain , and arro s in photoes indicated  positi e cells
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hich indicated the condensation o  chromatin i   he apoptosis inde  , the ratio o  positi e cells to total cardiomyocytes, as si ni icantly increased a ter  min reper sion in ehicle treated rats as compared to the sham rats  s ,   red ced  si ni icantly a ter reper sion , hich as inhibited by pretreatment o    or ortmannin  i   hese res lts s ested that  co ld protect myodicardi m a ainst  ind cinapoptosis
JWH133 prevented the loss of mitochondrial membrane potential ( m ) in I/R ratsm is an important parameter o  mitochondrial nction and is sed as an indicator o  cell health  hodamine , a cellpermeant, cationic and mitochondrion selecti e l orescent dye hich can be ashed o t o  the cells once m is lost  h s, anti ication o  the l orescence intensity o  hodamine  has been alidated as a meas re o  m  onsistent ith pre io s reports , the loss o  m as ind ced by reper sion a ter ischemia  s sho n in able ,  pre ented the loss o  m a ter reper sion, and this e ect as re ersed by  or ortmannin  hese res lts s ested that  pre ented the loss o  m in  rats
Expression of cleaved caspases-3 and-9, p-Akt, Akt, and release of mitochondrial 
cytochrome cs sho n in i re , clea ed caspases ,  and the release o  mitochondrial cytochrome 

c ere si ni icantly increased in the ehicle treated rats    s  sham ro p  hese phenomenons co ld be re ersed by     s  ehicle treated ro p , hich as inhibited by  or ortmannin  e ne t to e amined that the total t e pression had no di erence in all rats  hile compared to the ehicle treated rats, the p t e pression as si ni icantly increased in the  treated rats    imilarly  and ortmannin co ld re erse the e ect o   i   hese res lts s ested that  mi ht protect myocardi m a ainst  thro h mitochondrial dependent path ay
Discussioncc m latin  e idence demonstrated that  receptors play protecti e roles d rin   in ry ex vivo or in vivo ,  , a  receptor a onist, has been recently proposed to red ce in arct si e o  myocardi m d rin   in ry  o e er, the nderlyin  mechanisms o  the protecti e e ect o   receptor are not yet clari ied  n the present st dy, e o nd that  receptor a onist  red ced the in arct si e thro h 

Table 1. han es o  mitochondrial membrane potential m  detected by lo  cytometry in entric lar myocardi m s erin  ischemia reper sion  ata ere e pressed as mean   n  or each ro p   s  ham ro p  #  s  ehicle treated ro p   s   treated ro p
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anti apoptosis in myocardi m o   model  ll e ents ind ced by , incl din  loss o  m, release o  mitochondrial cytochrome c to cytosol and acti ation o  caspase  and , ere si ni icantly ea ened by  thro h acti ation o  t  his mediated cardioprotecti e e ects ere totally abro ated by pre in ection o   inhibitor ortmanin or  receptor anta onist  hese res lts implicated that acti ation  receptor by  mi ht render a cardiac protecti e nction ia a mitochondrial dependent path ay, and t si nal path ay mi ht be in ol edardiac  in ry represents a clinically rele ant problem associated ith thrombolysis, an ioplasty, and coronary bypass s r ery  or a lon  time, necrosis as re arded as the sole ca se o  cell death in myocardial in arction  o e er, it is recently re ealed that apoptosis also plays an important role in the process o  cardiomyocyte dama e s bse ent to myocardial in arction  any st dies ha e demonstrated that apoptosis is implicated in e perimental  models  rthermore, cardiac reper sion is sho n to accelerate the occ rrence o  apoptotic cell death in cardiomyocytes  ere e sho ed that cardiomyocytes nder ent apoptosis on a lar e scale d rin   in ry   data re ealed that apoptosis as dramatically increased in hearts s b ected to , hich as consistent ith pre io s e perimental and clinical st dies ,  n present st dy, administration o   si ni icantly red ced not only the in arct si e b t also apoptosis ind ced by myocardial  , a  receptor anta onist, totally abro ated the e ect o   on in arct si e and apoptosis  ll these res lts s ested that  red ced apoptosis and in arct si e thro h acti ation o   receptor

Fig. 4. estern blots analysis o  release o  mitochondrial cytochrome c, clea ed caspase , clea ed caspase  and t e pression in the myocardi m tiss es in rats s erin  ischemia reper sion   epresentatie estern blots o  heart lysates   per lane  o  rats rom sham ro p, ehicle treated ro p,  treated ro p,  treated ro p, and ortmanin  treated ro p  ars o  relati e density o  cytochrome c , clea ed caspase , clea ed caspase  and t  ata ere relati e density to that in ham ro p  n  or each ro p  ata ere e pressed as mean ,  s  ham ro p, #  s  ehicle ro p,  s   ro p
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t has been reported that apoptosis can be initiated thro h the mitochondrial or intrinsic path ay  he role o  mitochondria d rin   is partic larly critical beca se o  the conditions that promote both apoptosis by the mitochondrial path ay and necrosis by irre ersible dama e to mitochondria in association ith mitochondrial permeability transition  hen ind ced cell lar dys nctions con er e on mitochondrion, mitochondrion nder o massi e s ellin  and become nco pled as a res lt o  the openin  o  mitochondrial permeability transition pore   m is an important parameter o  mitochondrial nction sed as an indicator o  cell health  oss o  m may ind ce the ormation o  the  and the s bse ent mitochondrial permeability transition ,  nd ction o  the  prod ces a rther disr ption o  the m and nco plin  o  the respiratory chain hich promotes the openin  o  additional     remains open, it ill lead to the s bse ent release o  apoptotic proteins, s ch as cytochrome c and mac , to play critical roles in apoptosis  he release o  apoptotic proteins in t rn acti ates caspase , a cysteine protease, and caspases  and   aspase , a central e ec tioner  or do nstream  caspase, is an important e ector molec le in apoptosis , hich is responsible or destroyin  the cell and ind cin  cell death  r res lts sho ed that  ind ced loss o  m, e pression o  clea ed caspases  and , and release o  mitochondrial cytochrome c to cytosol si ni icantly, that ere e ecti ely eliminated by  rther st dies sho ed that mediated e ects ere totally abro ated by  receptor anta onist  e concl ded that  protected mitochondria a ainst  in ry and red ced apoptosis thro h inhibition o  apoptotic protein released rom  rthermore, all o  these e ects o   ere mediated by  receptorhe reper sion in ry sal a e inases , s ch as t and , ha e been proposed to be lin ed to the inhibition o  the  openin   t has been reported that acti ation o  t si nalin  path ay is important or cardioprotection and to inhibit the mitochondrion mediated path ay o  apoptosis in myocardial reper sion in ry ,  n present st dy, e sho ed that  si ni icantly enhanced t phosphorylation and this e ect as inhibited by  inhibitor ortmannin and  r res lts s ested that  acti ated t si nalin  path ay thro h acti ation  receptor  imilarly, ortmannin co ld anta oni e the protecti e e ects o   on in arct si e, apoptosis, m loss, and apoptotic proteins le els clea ed caspase  and , release o  mitochondrial cytochrome c  d rin   here ore, the t path ay mi ht ser e as a re lator o  mitochondrial path ay  hen  protect myocardi m a ainst  in ry  n addition to t si nalin , there may remain other possible mechanisms  ore rther st dies are needed to eri y this nctionpoptosis plays a critical role in tiss e dama e a ter myocardial in arction  t as reported that the apoptotic myocytes ere most prominent in the border ones o  recent in arction, hereas ery e  apoptotic cells ere present in the remote non in arcted myocardi m  t is s ested that apoptosis has some in l ence on in arct si e  n addition to apoptosis, necrosis is a more important determinant o  in arct si e  ecrosis arises rom atal e ternal ins lts and res lts in spilla e o  the cell lar content, ith s bse ent in lammation  he process o   ind ces mitochondrial dys nction and  open  hese chan es ill ca se irre ersible dama e to the cell res ltin  in necrotic death  rthermore, t si nalin  path ay can re late in lammatory responses and may be an endo eno s ne ati e eedbac  re lator and or compensatory mechanism that ser es to limit pro in lammatory in response to in rio s stim li  here ore, acti ation o  t path ay may red ce necrosis  n present st dy,  inhibited the loss o  m and release o  mitochondrial cytochrome c to the cytosol d rin    also acti ated t si nalin  path ay  here ore, e spec lated that  red ced the inal in arct si e by another mechanism that mi ht be the red ction o  necrosis  o e er, the e actly mechanisms o   on necrosis need rther e plorationn concl sion, the present st dy demonstrated or the irst time that acti ation  receptor by  co ld inhibit the intrinsic, mitochondria mediated apoptotic path ay thro h acti ation o  t si nalin  path ay  his as at least the partial mechanisms 
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thro h hich  red ced in arct si e in rat myocardi m s erin   in ry   t re ealed a no el mechanism o  cardioprotecti e action and a potential therape tic tar et a ainst  in ry
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