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~'( ~Uf;' ~/f / ' , 

I{INGKASAN .# J ~ ri, 

I'OTl,NSI ERITROI'OIETI:-I S~BAGAIINDUKSI CELL SURVIVAL I'ADA 

NEURON SEBAGAI STRATEGIIJARU PENGOBATAN STROKE 

Latar Bl'hlkang: Stroke iskemik menyebabkan kckllmngan pasokan oksigcn dan 

glukosil. deplesi ATl', kcrusakan neuoron:iI d:ui akumulasi glutamate yang 

bcrlcbihan hingga k\!m,uian sci sccara apoptosis. i:rythropoietin (EPO) 

mcrupakan sitokin hematopoictik yang juga bcrperan dahlm protcksi otak. 

Mekallisme induksi cell SIII"vil'lll yang digunak<lll da lam kunsep kankcr dan 

mctastasc digunak:Ul untuk mclihat cfcktifitas I: PO tlalam Ilel/rollal SlIrvil'cli. 

l\1nsahlh: Potensi induksi cell surv ival pada Illl.!kanisJl1e Illokkuler EPQ untuk 

memperbaiki kondisi otak pask:! .stroke bel111ll banyak diteliti. khususnya penln 

jalur MC3/4 receptor yang dikcnal menghambat metastasis. 

Tuju:lII: mcnguji kCIl.!rlibatan jalur MC3/4 dan alpha MSH d<thllll mekanislllc ccll 

survival pada strokc khusllsnya hubungannya dcngan tcmpi i: PO. Tujuan khuSliS 

yakni Illcmbuktikan efck pembcrian EPO Icrhad:lp pengurang<tll vo lume infark, 

perbaikan fungsi motorik dan kogn iliL induksi neurol/al stll"v;val pad a likus 

model stroke iskemik dengan marker apoptosis dan proliferasi. terulama yang 

tidak bl.!rkaitan langsung dcngan innamasi. 

!\letodologi: InJcksi EPO dilakukan sccam inlntVena dl.!ngan menggunakan 

microsyringe. Modcl stroke el ilcntukan tlcngall IlH.:lode Ifnilateml comlllon carotid 

ariel:\, occlusion. kebcrhasilan mctude model strokc ditenlubn dcngan pewanman 

Triphcnyltelrazoliulll chloride (YrC). pencilluan volume stroke dilakukan SCCaJ"3 

makro- dan mikroskopik. penentuan kadar rncianocorlin-J/4 r~ccptor pada :trca 

area spesifik eli olak dilakukan dcngan melocle peR. 

Output: Hasil penciitian ini Illcnunjukkan bahwa EPO mcmiliki efek pcnckanan 

tcrhadap penurunan fungsi kognitif dan Illolorik yang tcrjadi pasca stroke. 

Keterlibatan peptide alpha-MSH dan rcscplOmya, MC-J/4 juga dieksplorasi 

kemlldian. Dengan pcndckatan ini. diharapkan didapat jalur ahematif yang 

clIl"aril'l! ainu ear(\' prel'C'flIit·C Icrhadap strokc. 

Ke)'II"OI'ds: Erythropocilin. Strokc. Cell surv iva l. 
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PRAKATA 

Dengan mengucap syukur alhamdulillah, penulis telah merampungkan 

beberapa tahapan dari rangkaian tahapan yang hams dilakukan dalam 

menjalankan penelitian bertemakan Potensi Eritropoietin sebagai Induksi Cell 

Survival Pada Neuron Sebagai Strategi Barn Pengobatan Stroke dengan dana 

PDUPT Kemenristek Dikti tahun 2018. Peneliti menghaturkan terima kasih 

sebesar-besarnya atas dukungan yang diberikan oleh Rektor dalam hal ini melalui 

Lembaga PeneJitian dan Inovasi Universitas Airlangga sehingga penelitian ini 

dapat memperoleh pembiayaan dana penelitian desentralisasi dari Kemenristek 

Dikti dan mendapat pembimbingan untuk meneapai luaran yang bermanfaat tidak 

hanya dalam bidang kesehatan, namun juga berkontribusi dalam peningkatan 

publikasi dan reputasi akademik Universitas Airlangga. Diharapkan penelitian 

yang telah diselesaikan tahun ini dan meneapai target luaran, dapat dilanjutkan 

pada tahun pendanaan berikutnya untuk mcmberikan luaran dan manfaat lebih 

bagi pengembangall produk kefarmasian pada khususnya dan pengcmbangan 

bidang ilmu kesehatan pada umumnyu. 

Ketua Peneliti 

Chrismawan Ardianto, M.Se, Ph.D, Apt 
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1. 1. Laht I' Bclak:lng 

BAll i 

PENIlAHULUAN 

I M I I:.'j' It l 
PERPUST~.f{ A A ~ \ 

\ 

UNIVERS ITAS AIRLANG( • 

S U RABAY A 

Stroke menlpakan pcnyaki! neuro[ogls dim mcrupakan pt:l1yt.:bub ulamu kcmatian 

dan kccacatan di scluruh dunia (Deb. et (/1, 2009). Stroke dcngan defisit m:urologik 

yang lcrjnd i tiba-tib:l dapa\ di scbabkan olch iskcmia awu pcrdarahan otak (Hacke. 

1003). S troke iskem ik adalah penyak it helcrogen yang dischabkan o lch o klusi fokal 

pcmbuluh damh otak yang mcnycbabkan lurunnya sup!ai oksigcn dan glukosa ke 

bag i'tIl Qlak yang mcnga lami ok lusi yang Illl!llycbabkan kt.:mal ian sci (Park. el ai, 

2014 ; Hacke, 2003). Prcvalcilsi st roke di dunia ada lah 30.7 jU1U. Seriap 4 meniL 1 

orang mcninggal dunia karena stroke. Oi Indonesia pcnyakit stroke merupakan 

penycbab kemat ian nomor I yaitu scbcsar 15.4 % dari seluruh kcmatian (Luk ito dan 

Indra. 2016). Pcngobatall strokc iskclll ik terbatas pada ITombolisi s menggunakan T PA. 

Terapi stroke di Illasa mendatang difokuskan dcngan mcnecgah kematian sci dan 

meningkatkan mekanismc pell1ulihan cndogcn (Hokc. 2006). 

Pada keadaan stroke iskcmik tCljadi kckurnngan pasokan oksigcn dnn g lukosa yang 

akan mcnycbabkan dcplcsi AT P, ha l inilah yang mcnyebabkan kcrusakan nClloronal 

dari akumulasi ghnamatc yang bcrlcbihan serla kcmatian sci olch program apoptosis 

sel. Akibat deplcs i AT]>, gradicn ion tidak dapal dipertahankan (ion Na , K ") dan 

ncuron mcnjadi didepolariasi, pcristiwa tcrscbut mcnyebabkan hilangnya "II£'uI"01I(l1 

excitabilily" dan pembcbasan (release) g lllltlmate secar:! bcsar-besaran (masif). 

Kckurangan cncrg i juga mcngumngi lIpllIke glutamate yang diklkukan oleh astrosil. 

Timbunan (build-up) gllllamll!£' ynng bcrlcbih:m di sinnps. Illcmpercepat kematian 

nekrot ik dari berbagai neuron yang mcmpakan target sinaps. Kelika glutamate 

berikatan dengan rcscptor glutamatl! yaitu N-me/hyl-D- aspanate (NMDA) 

menycbabkan kOllsemrasi Ca~ dnlam intraneurona l mcningkal, pcningkawl1 

kOllsentrasi ka lsium intraselu lc r ini mcngakibatkan eXciIOI()xicil), yang pada akhimya 

menyeb"bbn nckrosis scI. (Graham er {ti 2002: Anugro el (1/ 2014). Tcrjadinya 

akulllulas i Ca~ dan nitric o.x idc akibat adanya keleb ihan glutamate. mcnycbabkan 

prod uks i ROS (reactil'(' oxygen species). ROS mcmballlu mcrn illdahkan cYlOcifrome C 

dan apoptosis inducil1g facIO,. (A IF) dari da llllll membran mitokondria kc nJang 

intenncmbran (Hagberg el al,]{)16). Pelepas,1Jl cytochromt' C akan membcnluk 

kompleks dengan A PAF-I d:m proeaspase 9. Procaspase 9 ini akan tcrpccah Illcnjadi 

benluk yang akti f yaiIU caspasc Q. Caspasc 9 akan terpccah kcmbali dan Illcnjadi 
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bentuk caspase lain yang lebih aktif yaitu caspase 3 (efektor). Caspase 3 ini nantinya 

akan bekerja untuk menginaktitkan protein DNA repair. pemecahan dari protein 

cytoskletal dan pemecahan lCAD suatu inhibitor dari CAD yang berhubungan dengan 

program kematian sel. 

(EPO) merupakan sitokin hematopoietik yang memberi efek proliferasi dan 

diferensiasi progenitor erythroid dan kelangsungan hidup pada sel erythroid yang 

matang (Hoke, 2006). EPO tidak hanya berperan dalam eritropoiesis tetapi juga 

memiliki efek proteksi otak dengan merangsang protein of repair, mengurangi 

eksitotoksisitas neuron, mengurangi inflamasi. menghambat apoptosis neuron dan 

merangsang neurogenesis dan angiogenesis. Pada penelitian eksperimental cedera 

iskemia, hipoksia dan cedera toksik, EPO juga memperbaiki outcome neurologik dan 

fungsi mental (Fuadi dan 8isri, 2015). 

Berdasarkan uraian di atas maka diperlukan adanya pene1itian mengenai potensi 

induksi cell survival dari erythropoeitin sebagai terapi baru dalam pengobatan stroke. 

Pembuktikan hal tersebut dilakukan dengan pengujian pada tikus yang dikondisikan 

menderita stroke iskemik dengan menggunakan model eksperimental oklusi carotid 

arteri. oklusi carotid arteri adalah metode operasi yang dilakukan untuk memblok aliran 

darah di otak (iskemik) dengan atau tanpa memasukkan benang monofilament ke 

dalam eksternal carolid arIel)' sampai pada middle carotid arlel:V (Rupadevi el ai, 

201 J). Setelah 24 jam pasca okJusi carotid arteri, total presentase teIjadinya infark 

sebesar 40% dari total hemisphere (Chiang et al.20 J I). Dengan menggunakan model 

ini maka akan menciptakan lesi iskemik yang lebih besar yang dimana melebihi daerah 

middle carotid arIel)' untuk mencapai bagian thalamus, hippocampus dan substantia 

nigra (Canazza ef al.20 J 4). Untuk melihat perkembangan perbaikan dari stroke iskemik 

dengan menggunakan eritropoetin maka akan dilihat volume inti'ak pada otak, 

perbaikan motorik dan kognitif, poliferasi sel pada otak serta melihat peningkatan level 

VEGF dengan stimulasi angiogenesis pada hewan coba. 
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2.1 Stroke 

BAB2 

T1NJAUAN PUSTAKA 

• ". 

Istilah stroke nlau penyakit scrcbrovaskular Illcnngacu pada sel iap gangguan 

ncurolagik mcndadrll.. yang terjadi :lkibal pcmbalasan alau Icrhcntinya alimn dumb 

melalui s i SI~ll1 suplai arteri ctak (Price el aI, 2(06). Stroke adlliah SlIaW lunda klin is 

yang bcrkcmbang cepal akibat gangguan otuk fokal (<ltau global) dcngan gcjala yang 

berlangsLlng selama 24 jam atau lebih SCl'la dapat rncnyebabkan kemuti .. n wnpa aJallY~1 

pcnyebab lain yang jclas sclain vaskulcr (Caplan, 2009; WHO, 2006) 

2.1.1 Epidcmiologi 

Data cpidemiologis menunjukan bahwa stroke merupakan pcnyebab kematian 

nomor dua di dunia sctc lah penyaki! janlllng. WHO mcmpcrkirnkan bahwa ada 6.7 jUla 

kcmalian tcrkait stroke pada talHIIl 2012, dan akiln Illcngalami kcn uiknn pada tahull 

2030 dcngan 7.8 jUlii kcmatian (Banne!. 201 1; Kim 111 ai, 2012; Kulshrcsillha elll/, 

2012). JUI111ah penderila pcnyakil siroke di Indonesia lahull 2013 bcrdasnrkan diagnosis 

tennga kcschatan (Nakcs) diperkirakan sebanyak 1.236.825 orang (7.0~oo), scdungkan 

berdasarkan diagnos is Nn kcs/gcja la diperk irakan scbanyak 2. 137.94 1 orang ( 12.1 %0) 

(Kcmcnlcriall Keschalan. 2013). 

2.1.2 Klasitikasi Stroke 

MCllurut Davcnport dan Dcnnis (2000), sccara garis besar stroke dapat dibagi 

1l1cnjadi dlla bagian yailu stroke iskcmik dan stroke hcmoragik. Sedangkan klas ifikasi 

stroke mCllllrul Caplan (2011) stroke dibagi menjadi /.Ilia kelompok yailll : 

a. Stroke iskemik dikarcnakan trombosis. embolism atau hipopcrfusi sistemik: 

1) Trombosis 

Umumnya mcngactl pada lokasi obstruksi di artcri. Obstruksi terjadi dikarenakan 

adanya pcnyakil dinding <lneri. scpeni aneriosklerosis. diseksi. <ltau ribrolllll skular 

displasia (Caplan, 20 I I; Crowin, 200Q). 

2) Embol ism 

Slroke cmbolik berkl!mbang sClciah oklusi arlcri oleh embolus yang lcrbcnluk di 

luar olilk. Sumbc.:r lImum embolus adalah janllmg sctelah infark miokardiull1 at:1ll 

libralasi atriulll, dan embolus yang Illcrllsak lUteri karolis kOlllllnis a\au aorta 

(Caplan. 20 II; Crowin. 2009). 

b. Stroke hcmoragikdcngan 1 pcnycbab. amam lain: 

1) Intmcerebral hemorrhage 

3 
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Perdarahan pada intraserebral hemorrhage (ICH) biasanya berasal dari 

arteriol atau artcri kccil.Perdarahan langsung ke otak, membentuk hematoma 

lokal yang mcnyebar di sepanjangjalur White matter (Caplan,2011) 

2) subarachnoid hemorrhage 

Disebabkan oleh ruptur suatu aneurisma vaskular dan trauma kepala. 

Pecalmya aneurisma melepaskan darah secara langsung ke dalam cairan 

cerebrospinal (CSF) di bawah tekanan arteri, darah menyebar cepat ke dalam 

CSF, sehingga meningkatkan tekanan intrakranial (Caplan. 2011; Price. 2006). 

2.2 Patofisiologi Stroke 

2.2.1 Patofisilogi Stroke Iskemik 

Sel-sel otak tergantung pada oksigen dan glukosa untuk bertahan hidup. 

Metabolisme glukosa mengarah ke konversi adenosindifosfat (ADP) menjadi adcnosin 

trifosfat (A TP). Pasokan konstan A TP diperlukan untuk menjaga integritas neuronal 

(Caplan et al,2009). 

Stroke iskemik terjadi karena kurangnya pasokan aliran darah dan encrgi ke otak, 

yang memicu setidaknya lima dasar mekanisme yang menyebabkan kematian sci yaitu 

excitotoxicity dan ketidakseimbangan ion, oksidatif / stres nitrosative. inflamasi, apoptosis, 

dan peri-infract depolarisasi. (Amantea ef ai, 2008; Gonzalez el ai, 20 II). 

Penurunan A TP dan deplesi energi menginduksi serangkaian peristiwa biokimia 

meliputi: ketidakseimbangan ion. rilis dari excess gilliam ate di ruang ekstraselular yang 

mengarah ke excitotoxicity, peningkatkan kalsium intraseluler yang pada gilirannya 

mengaktifkan beberapa kematian jalur intraseluler seperti disfungsi mitokondria, disfungsi 

sawar darah otak, oksidatif dan nitrosative stres serta produksi reaktif spesies oksigen 

(ROS), spesies nitrogen reaktif (RNS) yang mengarah pada kematian sel neuron, glia dan 

sel endotel. (Gonzales et al. 2011: Kanyal, 2015) 

2.2.2 Gangguan keseimbangan ion dan eksitoksisitas 

Deplesi akut A TP memicu kerusakan neuronal dari akumulasiL-glutamate yang 

berlebihan. Proses ini dinamakan excitotoxici(l',melibatkan aktivasi reseptor-rcseptor 

glutamate. akumulasisitosol Ca2 "aktivasi kaskade yang dipicu oleh Ca2
', generasi radikal 

bebas oksigen dan disfungsi mitokondria. 

2.2.3 Mekanisme Kematian Sel Neuron Pada Stroke Iskemik 

Ada dua mekanisme kematian pada stroke iskemik yaitu nekrosis dan apoptosis 

dimana kedua proses ini tergantung pada lama durasi dan intensitas iskemik yang dialami. 

Terdapat area yang mengelilingi core yang disebut sebagai area pellumbra, pada area ini 
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pengurangan aliran darah tidak separah yang terjadi pada area core. Kematian sel pada 

daerah penumbra di perantarai oleh proses apoptosis (Nguyen et aI, 2014). 

a. Mekanisme Kematian Sel Secara Apoptosis Pada Stroke lskemik 

Sebuah lesi stroke ditandai dengan kematian sel nekrotik di area core yang 

terbentuk dengan cepat setelah cedera dandapat mewakili jaringan yang ireversibel, dan 

areapenllmbraadalah area yang mengelilingi core. Peran jalur molekuler yang mendasari 

terjadinya neuronal apoptosis adalah mitokondria, caspases, dan keluarga protein BcI-2 

(Yuan,2009 ; Zeng et al 2003). Mekanisme caspase-dependent untuk kematian sel 

membutuhkan energi dalam bentuk ATP, apoptosis terutama terjadi di penumbra iskemik 

dibanding pad a inti iskemik. Pori-pori mitokondria merupakan jalur melintasnya sitokrom 

c dan protein pro-apoptosis dari ruang intramembran mitokondria ke sitoplasma. PeJepasan 

sitokrom c mengaktitkan jalur caspases melalui pembentukan apoptosomc. Caspases 

mengaktitkan caspase-activated deoksiribonuklease (CAD). Caspase independent 

melibatkan aktivasi poly-ADP (ribose) polymerase (PARP) yang mendorong pelepasan 

faktor apoptosis-inducing (AIF), yang bertranslokasi ke dalam inti, mengikat DNA, dan 

mengakibatkan kematian sel (Gonzales et al. 20 II; Zeng et ai, 2003). 

2.3 Erythropocitin (EPO) 

Erythropoietin (EPO) merupakan sitokin hematopoietik yang memberi efek 

proliferasi dan diferensiasi progenitor elythroid dan kelangsungan hidup pada sel 

erythroid yang matang. Pengobatan pada stem cell saraf otak depan dengan EPa 

menjelaskan adanya produksi pada progenitor saraf secara in vitro. Selanjutnya, 

EPO meningkatkan angiogenesis baik pada in vitro dan in vivo (Hoke, 2006). 

2.3. I Struktur Kimia 

EPa alfa merupakan glikoprotein 34.000 Dalton, yang terdiri dari 60% 

protein dan 40% karbohidrat yang mempengaruhi eritropoisis sel darah merah. 

Human gen EPa merupakan single- Copy-gen, yang terletak pada kromosom 7 

yang terdiri dari 5 ekson dan 4 intron, 165 asam amino peptida. EPa memiJiki berat 

molekul glikoprotein 30.000, deglikosilat EPa IS.OOO terdiri dari 2 buah rantai 

disulfida, 4 a-helical bundle, dengan proporsi karbobidrat berupa fruktosa, 

galaktosa, manosa, N-asetilgalaktosamin, asam N-asetilneuraminik, 3 N linked, 

O-linked glykosiJasi (Fuadi dan Bisri, 20t5). 

2.3.2 Mekanisme Kerja EPO di Sistem Sarar Pusat 

Ekspresi EPO di otak meningkat pada hipoksia dan stres metabolik akut. 

Mekanisme kerja EPa sebagai neuroprotektor diduga multifaktoJ'iu) baik secara 
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langsung maupun tidak langsung pada neuron. EPO dapat melawan efek sitotoksik 

dari glutamat, menillgkatkan ekspresi enzim-enzim antioksidan, mengurallgi 

pcmbelltukan radikal bebas, memperbaiki alirall darah serebral, mempengaruhi 

pelepasan neurotransmiter, dan meningkatkan angiogenesis. Pada neuron daerah 

cortex pada tikus EPO berefek proteksi dengan cara EPO-R l11engaktifasi JAK2 

kemudian mengaktifasi kaskade nuclear factor (NF)-kB dan mcningkatkan ekspresi 

gen inhibitor apoptosis yaitu XIAP dan c-IAP2. EPO juga mel11punyai efek proteksi 

terhadap cedera akibat iskel11ia pada neuron l11elalui regulasi gen anti apoptosis 

yaitu gen BcI-x. Efek neuroprotektor juga dapat dilihat dari efek penurunan 

inflal11asi dari daerah cedera otak. NF-kB yang diaktifasi oleh EPO adalah 

regulator dari gen inflamasi. 

EPO berefek maturasi oligodendrosit dan mclindungi dari 

intelferon-garnma (IFN-y), toksisitas lipopolisakaraida, ekspresi inducible 

nitric-oxide synthase (iNOS) dan produksi nitrit. EPO mempllnyai efek antioksidan 

yakni secara langsung sebagai free radical scavenging atau tidak langslIng dcngan 

mengaktifasi enzim-enzim antioksidan (Fuadi dan Sisn, 2015) 

2.3.3 Peran EPO pada Sislem Saraf 

Gen EPO ditemukan pada jaringan otak manusia daerah korteks temporal, 

hippocampus, dan amygdala. EPO dapat dideteksi dalam cairan serebrospinal 

manusia dewasa dan neonatus. Pada tingkat sel, EPO diproduksi oleh astrosit dan 

neuron. Reseptor EPO secara luas diekspresikan pada kebanyakan sel otak, 

termasllk neuron, sel endolel, sel microglial, dan astrosit. EPO berperan sebagai 

faktor neurotropik pada neuron. 

2.3.4 Jalur SinyaI yang Berperan dalam Proses Neuroproteksi dari EPO 

Berbagai penelitian telah mengeksplorasi proteksi otak dari EPO melalui 

jalur sinyal EPO-EPOR kompleks. EPO endogen dan eksogen dapat berikatan 

dengan EPOR menyebabkan homodimerization dan fosforilasi JAK-2 

mengakibatkan proses aktivasi downstream signaling yang rumit. Fosforilasi JAK-

2 mengaktifkan phosphatidylinositol 3- kinase (P 13K) dan menginduksi aktifasi 

NF-kP (nuclear factor) dan menstimulasi homodimerisasi STAT-5. Selain itu 

fosforilasi JAK-2 mengaktifasi Ras-Mitogen activated protein kinase (MAPK) 

signaling pathways. dan modulasi konsentrasi kalsium pada sel yang tereksitasi. 

aktifitas elektrik dan pelepasan neurotransmiter dengan mengaktifkan 

phospholipase C. Penelitian in vivo menunjukkan inhibisi JAK-2 atau PI3K 

menghiIangkan efek ncuroprotcksi dari EPO. Aktifasi Akt yang dimediasi melalui 
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P13K, memodulasi beberapa sinyal inlrasel yang berperan pada apoptosis, synaptic 

signaling, dan sintesa glikogen. Molekul target dari Akl adalah p53. GSK-3 dan 

cytochrome c yang bcrperan pad a siklus sel dan kematian sel. lalur 

Ras/Raf/MEKfextracellular signal-regulated kinase (ERK)-I12 berperan pada 

respon neuroproteksi dari EPO melalui efek antiapoplosis dengan mcnillgkatkan 

transkripsi dari gen-gen antiapoptosis (Bel-2, BcI-xL). STAT -5 yang slldah 

berfosforilasi berhomodimcrisasi dan mcmasllki inti sel dimana gen anliapoptosis 

Bcl-2 and Bel-xL ditranskripsi. BcI-2 dan Bel-xL mencegah pclcpasan cytochrome 

c dari mitokondria. EPO meningkatkan ST AT -5 dan konsentrasi gen-gen 

antiapoptosis. Beberapa jalur barn yang yang mungkin berperan dalam kemampuan 

EPO untuk mencegah apoptosis seluler berkaitan erat dengan Akt-I. EPD 

memodlilasi pro-apoptotic FOX03a yakni faktor transkripsi gen-gen apoptosis. 

Selain itu, EPO mengaktivasi NFkP untuk mencegah apoptosis setelah pemaparan 

p-amyloid peptide di sel saraf(Ponce. et al., 2012). 

2.4 Model Stroke Iskemik pada Hewan 

Stroke yang disebabkan oleh oklusi pemblllllh serebral akut bisa 

direproduksi dengan beberapa teknik yang berbeda, yaitu dengan Oklusi mekanik 

baik arleri serebri proksimal (PMCAo) (oklusi pembuluh besar) atau distal MCA 

(dMCAo) (OkJusi pembuluh kecil), atau dengan oklusi trombotik baik melalui 

injeksi bekuan darah atau trombin ke MCA atau dengan foto-trombosis setelah 

injeksi intravena Rose Bengal. Beberapa model hewan yang bisa digunakan dalam 

iskemik serebral yaitu Mechanical occlusion of the MCA. Thromboembolic Models, 

The endotheUn and the photothrombosis model dan Cerebral venous thrombosis 

models (Bacigaluppi, et al., 20 I 0). 

MCAD adalah metode operasi yang dilakukan untuk memblok aliran darah 

di otak (iskemik) dellgan cara memasukkan benang monofilament kedalam 

eksternal carotid artel), sampai pada middle carotid artery. Setelah 24 jam pasca 

MeAD total presentase tetjadinya infark sebesar 40'% dari total hemisphere 

(Chiang ef ai, 20 II). Model ini menciptakan lesi iskemik yang lebih besar yang 

dim ana melebihi daerah middle carotid artery untuk mencapai bagian thalamus, 

hippocampus dan substantia nigra (Canazza et al,2014). 

7 

IR-PEPUSTAKAAN UNIVERSITAS AIRLANGGA

LAPORAN PENELITIAN POTENSI ERITROPOETIN SEBAGAI INDUKSI... CHRISMA WAN ARDIANTO



BAIl3 

T UJUAN [)AN ~IANrAAT I'ENELITIAN 

1.2. Tujtum Penelitian 

Pcneli!ian ini mempunyai bebcrapa !Ujuan aillar<! lain: 

Jl'J!' r. U 

S L 

1 I . ' 

, .' 

a. Membuktikan efck pcmbcriall Eritropoetin h.:rhadap pcngurangan volume infark 

pada otak sete lah mcngalami stroke 

b. M~Jllbuktikan cf'ek pcmbcrian EPO lerhad:lp pcrbaikan fungs i mOlorik dan kognitif 

pada tikus modt:! stroke 

c. M~mbuklikan efck pembcrian Eritropoetin pada ce ll surv ival baik mclailli induksi 

pro lifcrasi maupun penghambatan proses kCllIat iall se l secara apoptosis pada tiklls 

model stroke iskcmik dengan marker MC~ rC'c~ptor ataupun alpha-MSH 

1.3. Pcnlingnya atau Kculalll:lan Reneana I'cnclitinn Ini 

Pcne litian ini Il1cmpunyai kcmanrantall <ln tara la in: 

a. Kcrarmasian dan Kcdoktcran 

Has il penelitian in i abn membcrikan clampak rcrkembangan pt.!ngobatan bagi dunia 

farmasi dan kcdoktcran bcrk:iit<ln dengan p~nanganall Stroke yang Icbih spcs ifi k. 

cfisicn dan bcrsif:lI kausatif. O~ngan pendckatan ini. pengob::lIan dapal bcrsirat 

m~nycll1buhkan dan tidak dipcrlukan pcnggobalan jangka panjang at au sc lama 

pasicil hidup. 

b. Pasicn Stroke 

Ol!ngan adanya lemuan ini maka pt!nde ri!a Srokc yang disebabkan oh.!h iskcmik 

kcmbali schat. Sch ingga klla lilas hidup pasicn dapa! mengnlami pcningkllt~lIl. 

c. Asurans i dan Pcmcrintah 

Akan menurunkan biaya pcngobatan sehingga bt.!bl.lll asumnsi dan pemcrintah dapal 

mcngalami penurunall. Penurunan terjadi karena tidak dipcrlukan pengobalall jangka 

lama dan rerawatan eli nllllah saki!. 
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3.1 Mctode 

3.1 J cnis I'cnclitian 

BAIl4 

METODE PENELITIAN 

"1 , L j 

RPU~' ~hh /\t\N 

UNI VERSIl AS AJRL . ..,NGGi 

SU R A BA YA 

Pcnc litian yang dilakukan adalah eksperimciltal laboratorium (trlle experim(,l1faf) 

dengan tipl.! pre-rest pOSHest cOl11rul group resl. Mclalui pcnclili:lI1 ini dapat dikaji 

pengcndalian apoptosis dun angiogenesis scinclifon likus (Rattus I/()Vergiclls) pada model 

stroke iskemik 

3.2 B:llllIll 

Baban-bahan yang digunakan antam lain kC1Jminc, midazolam. Nael 0,9%. rHu 

Erilfopoclin 10000 IUlkg. RNAase fr~c wuler. RNA purification system. Quallius RNA 

quantification system. Water for Injection (WFI), I3cnang nylon monofilament. suture, 

TIC OS}'., (2,3.5 triphcnyttctrazoliull Chloride), Primer unluk beta actin, prilm:r unluk 

MC4 receptor. antibody HSP70 

3.3 Alai 

Alal·:!lat yang digunakan amara lain alat·alat gclas. Jarum sUlltik 26G dan S:\'I'inge 

mL, kandul1g Tikus dan pcrlcngkapal1tlya. alaI bcdah, Ncraca analitik Obaus Adl'ellllll-eJ", 

ClIrred FOI"(·{'ps. Mikrolom dan f\ likroskop cahaya dengan kamera digiwl dan graliclile. 

3.4 Subyck I'cncliti:m 

Hewan coba y<lI1g d igunakan adalah mcneit (Ralllls Novergic/ls) yang bcrasal dari 

LabonHoriul11 Hcwan Universitas Airlangga dcngan kritcria bCljcnis kelamin jal11an. 

bcrasal dari satu ga\ur (ga lul" wiswr). benunur 8·12 minggu dcngan bern I badan 200·250 

gram dan d~llam keadaan schal dan nOnlml. 

3.5 Protokoll'cncliti:1Il 

Tikus (RaItIiS NOl'ergic/ls) janlan bcrumur g·12 minggu ditcmpatkan sccara 

berkelompok dalam kandang dcngan It.!mperatur 30 ::l I "C dan sik lus pcnerangan 12 Jam 

tcrang/gclap. Sclama pcnditian. makanan dan minuman tcrscdia ad libillml. Untuk 

menginduksi tctjadinya Stroke iskcmik, hcwan coba di anaslesi dengan menggunakan 

kClamin 1:(0 mglKgBB dan midazo l:lI11 5 mglKgBB. Cukur buill likus yang pada area 

bagian lehl!r. Bua! irisan di area pcrtnUkaml leher <h.:ngan menggllnakan pisau bcdah. Bual 

panjang iris<lll sck iwr 3 cm. isolasi Common carofid (I/"fel)' dari nervus vagus dan ikat 

semenlara. lkat pt.!rcabang;m ECA oi dua bagian dml pasang clamp vascular eli antara 

percabangan CCA kc ECA dan ICA, buat irisan pada ujung ECA. masukan benang mclalui 

ECA sampai pada batas MeA, ikm kum (ikatan y<lng h::rdapa! pada l iCA). Dan It.!pas clamp. 
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Setelah 2 jam pasea operasi, benang di ambil kembali. Pemberian eritropoetin dilakukan 15 

menit pasea operasi, hari pcrtama sampai hari ke tujuh, dengan dosis 100, I 000 dan 5000 

ru/KgBB. Untuk keJompok kontroJ POSilif dan negatif diberi saline. Dilakukan uji motorik 

dan kognitif. 

Setelah bari ke-14 tikus dimatikan, jaringan otak diambil dan dibekukan _8° C 

selama 15 menit, potong pada titik bregma 0 mm hingga bregma -2 mm. Jaringan 

direndam pada 2,3,5 triphenyltetrazoliun (TTC) selama 15-20 menit pada subu 37° C 

Jaringan otak difiksasi dengan formaldehid 10% v/v dan dibilas dengan nonnal saline. 

Setelah itu dilakukan anal isis marker-marker angiogenesis, proliferasi maupun apoptosis. 

Pemotongan dan pewamaan jaringan baik seeara histokimia maupun imunohistokimia 

diJakukan dengan bantuan ahli histologi dari Fakultas Kedokteran Hewan Universitas 

Airlangga. 

3.6 Pengelompokan Hewan Coba dan Timeline Kelompok Perlakuan 

Kontrol negatif (sham) 

(8 ekor) 

Perlakuan I 

8 ekor 

Dilakukan proscdur stroke 

Pemberian EPO 1000lU/kg 

Tikus jantan 

I 
Kontrol positif (stroke) 

(H ekor) 

Perlakuan II 

8 ekor 

Dilakukan prosedur stroke 

Pemberian EPO 5000lUlkg 

Kelompok perlakuan 

(24 ekor) 

I 

Perlakuan III 

8 ekor 

Dilakukan prosedur sroke 

Pemberian EPO IO.O()O IUlkg 

Gambar 3.1 Pengelompokan Hewan Coba 
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3.7 Kerangka Operasional 

Tikus Jantan 

• 
I I I 

Kontrol Negatif 
Kontrol Posltif 

Kelompok Perlakuan 

(1 kelompok) 
(1 kelompok) 

(3 kelompok) 

I I 
Operasi shamp operasi model MCAO operasi model MCAO 

I I 
pemberian saline Pemberlan saline 

pemberian Rhu 
Erltropoetin 

I I 
pemberlan pada 15 pemberliln pllda 15 pemberian pada 15 

menlt setelah menlt setelah menit setelah 
perlakuiln, hari pertaml perlakuiln, hart pertam~ perlakuan, hart pertamll 

samapl harl ketuJuh sampal hart ketujuh samapl hart ketujuh 

• 
I • I 

Perlakuan I Perlakuan II Perlakuan III 

DoslsVS DosisVS DosIsVS 

100 IU/kgBB 1000 IU/kg BB SOOO IU/kg BB 

I I 

• 
Pada hari ke- 14 hewan coba di matikan tiklls dibedah,jaringan otak diambil. 

dilakukan preparasi histokimia dengan pewarnaan TIC dan preparasi 

imunohistokimia dengan. caspase 3 untuk apoptosis. 

Gambar 3.2 Diagram Pengelompokan Hewan Coba dan Perlakuan yang Diberikan pada 

Tiap Kelompok 

3.7 Uji Fungsi Motorik 

Pada test ini. tiklls diuji dcngan ditempatkan pada silindcr akrilik dan diamati 

penggunaan forelimb kanan dan kirinya sebagai tumpuan untuk mengeksplor dinding 

silinder. Jum)ah penggunaan forelimb kiri dibandingkan total penggunaan semua forelimb 

merupakan proporsi/prosentase penggunaan contralateral forelimb. Semakin tinggi 

penggunaan forelimb kiri maka prosentase akan semakin besar, menunjukkan forelimb kiri 

mengalami normalisasi penggunaan sete1ah stroke. demikian sebaJiknya. 
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3.8 Uji Fungsi Kognitif 

Pengujian kognitif pada model hewan stroke iskemik menggunakan uji Y maze 

(evaluatioll lIsing spontaneolls alternation) tujuan menggunakan uji adalah untuk 

mengevaluasi memori ketja hewan coba. Tikus ditempatkan di suatu lengan (no J.) tiga 

kemungkinan ditawarkan kepada tikus,yaitu tetap berada pada lengan t atau pindah ke 

lengan 2 atau pindah ke lengan 3. Sebuah pergantian dianggap benar jika tikus 

mengunjungi lengan baru dan tidak kembali lengan sebelumnya. Periode observasi 

dihitung untuk memberikan frekuensi alternasi spontan 

3.9 Preparasi dan Pcngamatan Jaringan Otak 

3.9.1 Preparasi dan pengamatan histokimia dan imunohistokimia 

Organ otak dipotong kemudian ditiksasi dengan buffer formalin, selanjutnya 

dekalsifikasi dengan EDT A 7,4. Setelah itu dilakukan deparatinisasi dengan xilol I selama 

I menit, xilol 2 selama 1 menit dan xilol 3 selama I menit. Proses berlanjut yaitu hidrasi 

dengan alkohol 96% selama 2 men it, alkohol 96% selama 2 menit, alkohol 80% selama 2 

menit dan alkohol 70% selama 2 menit. Kemudian masukkan kedalam air mengalir lalu 

celupkan pada cat utarna Meyer's Hematoksilin selama 15 men it. Inti sel akan berwarna 

biru terang dan sitoplasma jemih. Celupkan cat pembanding eosin J % selama 30 detik. 

Selanjutnya proses dehidrasi dcngan konsentrasi alkohol 80'% selama 2 menit, alkohol 90% 

selama 2 men it, alkohol 96% selama 2 menit lalu alkohol 96% selama 2 menit. Proses 

clearing dengan xilol I selama 5 men it, xilol 2 selama 5 mcnit kemudian mounting 

medium lalu tutup dengan cover glass. HasH pewamaan jaringan otak dengan 

hemtoxylille-eosill diamati di bawah mikroskop dan diambil gambarnya. Diamati 

perubahan morfologi jaringan otak. Preparasi jaringan untuk pewarnaan imunohistokimia 

dilakukan dengan merujuk pada protokol masing-masing Kit pada HSP70. 

3.8.2 Preparasi perhitungan volume infark 

Volume infark merupakan volume area otak yang mengalami kerusakan oleh 

karena stroke.Area infark ditandai dengan area yang lebih pucat daripada daerah sekitarnya. 

Volume infark dihitung dengan rumus: m. L merupakan daerah~l(L1+L21+L41+L61)*200 

dengan area infark dan angka di belakang L merupakan no mer potongan slide, sebagai 

contoh L21 berarti area permukaan infark potongan slide ®ke 21. L dihitung dengan 

menggunakan CellSens Digital Imaging Software. lrisan pertama dimulai dari kiasma 

optikus, dan jarak di antara potongan m~lslide ialah 10 
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3.9 Analisis Hasil 

3.9.1 Analisis Statistik 

Hasil pengukuran kadar glukosa darah merupakan data yang bersifat continuous 

sehingga dapal dianalisis secara statistik dengan ANOY A. Akan dilakukan pembandingan 

kadar glukosa darah antar kelompok percobaan sehingga dilakukan analisis ANOY A satu 

arah. Jika dari anal isis stalislika ANOYA dua arab ini ada perbedaan bermakna (p<0,05) 

maka analisis statistika dilanjutkan dengan analisis Tukey. 

3.9.2 Analisis preparat histokimia dan imunohistokimia 

Kuantifikasi dari sel nucleus dilakukan sebagai berikut: 

I. Masing-,masing slide ditempatkan pada optical photomicroscope dan diamati pada 

lensa objektif dengan pcrbesaran 40 atau lebih kemudian gambar diambil. Area 

yang diperbesar sebanding dengan slide asH yang berukuran 0.34 mm2. 

2. Jumlah sel positif-negatif dihitung secara manual pada tiap gambar dan tiap frame. 

3. Data hasil pengamatan (misalnya jumlah sel nucleus positif dan negatif dan jumlah 

sel dihitung sebagai berikut: % sel positif= sel nucleus positif/total nucleus sel x 

100). Indeks dipresentasikan scbagai pcrsen POSilif sel per millimeler pcrsegi 

jaringan. 

+ ~ '" ~ '" "? 

'" 1- '" + '" + 

'" 1- '" + '" 1-

'" + '" + '" + 

'" 1- '" + • + 
~ + ~ + .. + 

Gambar skematik dari grid yang digunakan. Grid dibagi menjadi 36 persegi dengan 

dimensi yang sarna. Panah hijau (kiri alas) menunjukkan mula perhitungan, perhitungan 

berlanjut mengikuti panah hitam sampai berakhir pada panah merah. 
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BAB 5 

HASIL DAN LUARAN PENELITIAN 

Hasi! oplimasi antibodi HSP70 pada pcrbaikan Janng;m menunjukkan bahwa I-ISP 

meningkul dcngan baik pada kondisi jaringan ulcer yang mcmbaik. Oiharapkan pada 

pcnggu!laan pada stroke dcngan pcrJakuan EPO, HSP70 dap:!! menjadi marker perbaik<ln 

jaringan yang scsuai (gambar 1). 

A B c D 

Gambar I. Perfonna antibodi HSP70 yang dicoba pada model perbaikan Jarmg:m 

mcnggunakan pcrbaikan jaringan tambllng yang diinduksi nuvoxaminc pada stress ulcer. 

Hasil pcnciilian ini Illcnunjukknn bahwa tikus yang mcngalami stroke dengan mctode 

oklusi ru1cri karotid mcnunjukkan pcrubahan pada fungsi mOlorik ditunjukkan dcngan 

gangguan pcnggunaan IlIngkai kontm lalcral dan gangguan kognitif dilunjukkan dcngan 

kemampulln mcmori dan cksploras i. 

I MIL 1K 

I PF J.I PUSTA K II 4 N 
r ... 1\ " I I \ ... "I ~ , '". , 
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-f 
S as 

~ c o 
u 

"$. 

pre Day-1 Day-3 

_ Sham 

C Stroke 

e Stroke + Epo 1000 IUlKgBB 
IIllD Stroke + Epo 5000 IUlKgBB 
flfJJ Stroke + Epo 10000 IUJKgBB 

** * 

Day-7 Day-10 Day-14 

Day after stroke induction 

Gambar 2. Efek EPO terhadap fungsi motorik diamati dengan menggunakan metode 

FUAT. Pengamatan dilakukan pada hari sebelum induksi stroke (pre), hari ke I, 3, 7, ) 0, 

dan 14. Penentuan skor dilakukan dengan menghitung prosentase penggunaan tungkai 

depan kiri (kontralateral terhadap arteri karotid kanan) terhadap total penggunaan tungkai 

depan pada tes FUAT. Nilai ditampilkan sebagai rerata dan S.E.M dari 5-6 ekor tikus. 

#p<0.05, ##p<O.O) vs kclompok Sham. *p<0.05, **p<O.O) vs kclompok Stroke. 

Hasil penelitian ini menunjukkan bahwa pada kondisi stroke penggunaan tungkai depan 

kiri sebagai tungkai yang kontralateral terhadap oklusi di arteri karotid kanan mengalami 

penurunan. Hal ini ditunjukkan dengan menurunnya proporsi penggunaan tungkai depan 

kiri dibandingkan total penggunaan tungkai depan kanan dan kiri sebagai tumpuan berdiri 

(standing) pada metode FUAT. Penurunan proporsi penggunaan tungkai depan kiri terjadi 

secara persisten dari hari ke I hingga hari ke 14 jika dibandingkan dengan kelompok 

Sham. 

Pcmberian Epo segera setelah induksi stroke menunjukkan penekanan terhadap 

penurunan penggunaan tungkai depan kiri yang diinduksi stroke. Seeara konsisten 

penghambatan kerusakan fungsi motorik ditunjukkan sejak hari ke I pasea stroke hingga 

hari ke ) 4. Perbaikan pada fungsi motorik oleh Epo menunjukkan tingkat pcrbaikan yang 

sarna dari dosis 1,000; 5,000 maupun 10,000 IU/kgBB. 
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Gambar 3. Erek EI'Q tcrhadap fungsi kognitif diamati dengan mcnggunakan mctodc 

V-maze. Pcngamatan dilakukan paJa bari scbelum induksi stroh: (pre), had kc I, J . 7.10. 

dan 14. Penclltuan skor dilakukan dengan rncnghilllng prosenta<;c l ikus mcmasuki arm 

yang bcrbeda dari sebelumnya (arm yang benar) tcrhadap toW I cksplorasi ann pada 

V-mazl! test. Nila i ditampilkan sebagai rcrata dan S.E.M dari 5-6 ekor tikus. /11><0.05. 

##p<O.O I vs kclompok Sham. *p<O.05, ··p<O.OI. ···p<O.OO I vs kclompak Strokt.:. 

Pcngukurtl1l fungsi kogn i tif dcngan rncnggunakan metodc Y-maze mCllunjukkan 

bahwa p<lda kandisi stroke propors; pemilihan arm yang benur utau tidak ml!nglliang 

Icrhadap tolal jllmlah cksplornsi Icrhadnp (lrIIIS mcngaiami pcnurllnan propors; jika 

dibandingkan dcngan kclampak Sham. Pl.!nllrunan proporsi pcmilihan ann yang bl.!nar 

terjadl sccara pcrsistcn dari hal'; ke 1 hingga hari kc l-l jika dibandingkan dengan 

kelampok Sham. I'cmberian Epo segera scte lah induksi stroke mCllunjukkan pcningkatan 

terhadar proparsi pcmilihan {lrlll yang benar jika dibandingbll dengan kclompok stroke. 

Secara konsisten pcnghambalall wrhadap pCllurunan proporsi pcmilihan arm yang bellar 

dilUnjukkan sejak l13ri ke [ pascli stroke hingga hari ke 14. I'erba ikan pada fungsi motorik 

oleh Epa menunjukkan tingkal pcrbaikan yang dose-depel/del/t pada hal'; ke 10. 

Dari hasil di alaS dapat disimpuJkan bahwa Epo meJakllkan pcnghambawll kcrusakan 

fungs i Illotorik dan fungsi kognilif secam persislen mulai har; pcrtama pasea stroke. 

Terlebih. Epo pada bcbcrapa lingkat dosis yang bcrbcda memberik<111 efek ya ng baik 

terhadnp fungsi mOiorik dan kognitifpasca stroke. 

Uj i coba kincrja antibodi HSP70 p;Jda jaringan lumbung yang tcJah dirusak untuk dapal 

dijadikan acuan pencliti dalam mcnggllnakan marker pcrbaikan jaringan dilakukan scbagai 

16 

IR-PEPUSTAKAAN UNIVERSITAS AIRLANGGA

LAPORAN PENELITIAN POTENSI ERITROPOETIN SEBAGAI INDUKSI... CHRISMA WAN ARDIANTO



data awal. Hasil menunjukkan jaringan lambung yang mengalami perbaikan menunjukkan 

peningkatan HSP70. Sehingga pada tahap selanjutnya antibodi HSP70 dapat dijadikan alat 

ukur yang valid untuk induksi EPG pada perbaikan jaringan otak pada daerah penumbra 

yang diinduksi stroke. 

Adapun luaran yang dicapai penelitian ini adalah berupa 2 manuskrip pada jurnal 

internasional berreputasi antara lain: 

1. Lapomn mengenai antibodi HSP70 yang efektifuntuk mengukur perbaikanjaringan 

sehingga tahun dcpan dapat digunakan padajaringan otak yang stroke. denganjudul 

"Selective serotonin reuptake inhibitor fluvoxamine increases HSP-70 level to 

ameliorate stress- and NSAID induced peptic ulcer" dengan status ACCEPTED pada 

Journal of Basic and Clinical Physiology and Pharmacology (Q3, non predatory). 

2. Laporan mengenai efek perbaikan motorik dan kognitifyang dihasilkan EPG dengan 

metode Y maze dan FUAT denganjudul "Erythropoietin Ameliorates Stroke-Induced 

Motoric And Cognitif Deficits Evaluated By Forelimb Use Assymetry Test And 

Y-Maze" status SUBMITTED 2 November 2018 pada Jurna) VASCULAR (Q2, non 

predatory) dan hingga sa at laporan akhir ini dilaporkan masih dalam proses review. 

Dipcrkirakan proses review dan acceptance akan sclesai pada bulan Maret 2019. 
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IlAIl6 

IlENCANA TAHAP BERIKUTNYA 

Pcnclitian tc luh mcndapalkan data pcngaruh fisiologis EPO tcrhadap mOlon\.: dan 

kognilif model hcwan cobn tikus yang mengalami stroke. Pasc3 pcngarnamn behavior tikus. 

tclah dilakukan pengambilan dan fiksasi jaringan otak untuk dilakukan uji bioiogi molekular. 

Percncanaan tahap sc lanjulnya adalah I11cliputi screening perubaiKl1l cksprcsi protein alau 

ckspresi mRNA dari protein rUl1gsional y;mg. mungkin bcrperan dalam neuronal slIrl'iml. 

Pcngukuran mRNA duri melclllocorrin nxeplor-3/4 (MC-3 /4) <Ibn dilakukan dengan Icknik 

pe R untuk mellgetahui adanya pcmbailan regulasi MC-3/4 receptor di bagian otak yang 

Illcngalur kognisi scpcl1i hippocampus atau yang mcngalUr motorik scpel1i c0I1ical IIrca, stria 

dan thalamus. Rcncana sclanjumya juga melipuli pcngukur.11l ekspresi protcin 

alpllll-me!(llIot)·te stimlila/illg hormolle (a lpha-MSH) yang diduga bcrpcran dalam proses 

healing d;lri braill injury. munun belum ada evidence Yilng pasli mengcnai kelerlibalannya 

dalam mckanismc pcrbaikan yang diinduksi 011.:11 EPO. 

Dilargctkan pada lahap tahun kc dua luumn yang didapalkan akan bertambah I :mikel 

pada jumal imemasional bcrrcplliasi dan I artikel pada jumal nasional lerakreditasi. sehingga 

lo[al capaian 3 tahun aclalah 3 ,1I1ikel jUlllal intcmasional d;:m I <lrtikel jumal nasional. 

18 

MIL I K 
PERPUSTAKAAN 

UN IVERSITAS A I RL""Ir.(j ~ 

.... R ' i · ' ·\ 

IR-PEPUSTAKAAN UNIVERSITAS AIRLANGGA

LAPORAN PENELITIAN POTENSI ERITROPOETIN SEBAGAI INDUKSI... CHRISMA WAN ARDIANTO



7.1 K('s imIHllan 

BAli 7 

KESIMIJULAN OAN SARAN 

Ouri hasil pcnciitian hingga tahun pertama jlli. dapal disimpulkan bahwa: 

I. EPO mcmberikan cfck perbaikan terhadap fungsi ll1olOrik tikus yang I11cngalami 

stroke iskcmia 

2. EPa mcmbcrikan cfck pcrbaikan tcrhadap fungsi kognitif dari tikus yang Illcngaiami 

stroke iskcmia 

7.2. Saran 

Adapun sur:tn yang dilmsilkan pada tahull pertama iui adalah : 

I . Perlu dilakukan screening molckular tcrkait protein-protein fungsional yang ffiungkin 

bcrpcr.:m dalam mckani smc neuroproll.:ksi o tch EPO pada stroke. baik bcrupa receptor. 

transporter. neuropcptida. transmitter lainnya dan sigmding intraselulcr. 

2. Perlll dil:lktlkan cksplornsi pcmn bagian otuk [Crtcnlu yang se1ama ini bdum pemah 

11lCndapal pcrilalian pl..:ndili n<llnlln berpotensi unluk tcrlibal da lam d"ek neuroprotcksi 

EPO pad .. stroke scpeni hippocampus. cortex . amygdala. hypothalamus dun brain 

stem. 
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Abstract: 

--~ 

Background: SSRls has recently become a potential candidate for new 
therapeutic approach for ulcer and gastric bleeding. Hsp70 plays an 
important role In cellular resistance to NSAIDs. However, there is lack of 
evidence that tluvoxamlne re.cruits Hsp·70 to affect stress-induced gastric 
ulcer. Thus, we investigated the effect of fluvoxamlne on NSAID- and 
stress· induced gastric ulcer and the possible involvement of Hsp70. 
Method: ICR mice were used. Stress Induction was milde by water· 
Immersion plus restraint method. NSAID·induced gastric ulcer was 
produced by oral administration of Indomethacin. fluvoxamine was given 
30 minutes orally before the stress induction and Indomethacin treatment. 
Results: Stress and Indomethacin treatment SIgnificantly Increased the 
ulcer Index and Intraluminal bleeding score. Stress and Indomethacin 
treatment siqnificantlv Increased the expression of Hsp70. Fluvoxamlne 
significantly decreased the ulcer itldel( and intraluminal bleeding in both 
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ulcer models. Moreover, tluvoxamlne further increased the expression of 
Hsp70 in gastric tissue of stress- and indomethacin-treated mice. 
Conclusion: These results Indicate that f1uvoxamlne may exhibit a 
protective effect against stress-induced as well as NSAlD-lnduced gastric 
ulcer. In addition, It Is suggested fluvoxamlne Inhibits ulcer formation 
through the up regulation of gastric Hsp70 expression. 

ABSTRACT Rahmadl et al20lS.doc 
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1. INTRODUCTION 

Stress affects lllany people in the world and induces numerous psychiatric disorders such 

as depression, PTSD, anxiety and schizophrenia.[ I] Stress has been widely reported as one of 

the cause of gastric uIcer.[2] Gastric ulcer affects 4 million people around the world per year. 

The life-threatening perforation occurs about 2%-14% of the ulcers. [3,4] (n critically ill 

patients. the prevalence of stress-rdated gastric ulcer followed with bleeding ranges between 

15-50010. The stress-induced mucosal bleeding is considered as a severe complication with 

high mortality. [5,6] It is challenging to provide an ideal management to completely treat 

gastric ulcer, particularly stress-induced gastric ulcer. The use of antacids and H2 blocker has 

become inadequate in the management of gastric ulcer. Long course of proton pump 

inhibition may lead to several serious adverse events.[7.8] Thus. the development of new 

approach in treating stress-induced ulcer is still needed. 

The extensive reports on the protective effect of several antidepressants on gastric ulcer have 

raised a new challenge to explore new therapeutic approach for ulcer and the underlying 

mechanism. Selective-serotonin reuptake inhibitor (SSRI) drug is one of the dl11g classes 

effectively used for the treatment of depression, a psychiatric disorder induced mainly by 

stressful life event. Studies show that SSR(s may become a potential candidate for new 

therapeutic approach for ulcer and gastric bleeding. Fluoxetine dose-dependently decrease the 

intralwuinal bleeding in rat with indomethacin-induced gastric u1cer.[9] In stress model, 

fluoxetine suppresses acute cold restrain stress-induced gastric ulcer possibly by decreasing 

malondialdehyde and increasing gastric catalase and nitric oxide.[ 1 0] Repeated 

administration of paroxetine suppresses water immersion stress-induced gastric ulcer. 

Similarly, paroxetine treatment attenuates the corticosterone level increase during stress and 

demonstrates the anxiolytic and antidepressive efTects. [11 ] 

https.:llrncnlitnUSlriptcentral.comijbcpp 
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Even though studies demonstrate a detrimental effect of SSRIs 011 gastric mucosal tissue. 

studies also suggest that fluvoxamine effectively reduce the ulceration. Fluvoxamine 

suppresses NSAID-induced gastric ulcer by increasing total glutathione and nitric oxide 

levels. Moreover, tluvoxamine reduces the IOcrease of oxidant parameters level in 

indomethacin-induced gastric ulcer. [ 12] However, to date, there is no evidence regarding the 

effect of tluvoxamine on stress-induced gastric ulcer. Moreover, there is lack of evidence in 

the gastroprotective mechanism of fluvoxamine. Thus, funher examination on the exact 

mechanism how fluvoxrunine affects NSAID- and stress-induced ulcer is still needed. 

Heat shock proteins (HSPs) are family of molecular chaperones that playa vital role in 

protein folding and protein transport to sub-cellular compartment. Hsp70 is one of the HSPs 

widely kno\vn to have protective effect against gastric lesion and inflammation. It is known 

that various stressors, including NSAIDs, induce HSPs expressions.[13-16] Induction of 

Hsp70 expression provides cellular resistance to NSAJDs. Study using transgenic mice shows 

that the absence of HSF-I, a transcription factor of HSP genes. increases indomethacin

induced gastric lesion. Moreover, ill vitro study demonstrates that Hsp70 silencing promotes 

a higher indomethacin-induced apoptosis.[ 17] These evidences suggest the important 

protective role of Hsp70 in gastric ulcer. However, the role of Hsp70 in the effect of 

fluvoxaminc on stress- and NSAIDs-lIlduced ulcer is still remained to be detemlined. Thus, 

in the prest:nt study, we investigated the effect of tluvoxamine on NSAJDs- and stress

induced gastric ulcer, and the possible involvement of Hsp70 in the fluvoxallline action. 

2. MATERIALS AND METHODS 

Drugs 

Materials used were fluvoxamine (Wako Pure Chemical Industries, Kyoto, Japan), Tween 80 

(WakoPure Chemical Industries), normal saline (PT. Otsuka Indonesia, Malang, Indonesia) 
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and antibodyfor HSP-70 (Santa CruzBiotech, CA, USA). All true solution and drug 

suspension in 1 % tween were freshly prepared. 

Experimental animals and treatments 

Male 6-8 week-old ICR mice were used. All mice were cared with equal treatment, standard 

chow diet ad lihitum, and 12 hours light-dark cycle. All experiment was perfolmed in 

accordance with The Guiding Principles for the Care and Use of Animal Research of 

Universitas Airlangga No. 683-KE. All dfOlts were made to minimize animal suffering and 

to reduce the number of animal used. Animals were used only once. 

After an acclimatization period of 14 days, all mice were randomly divided into control 

group, stress group, stress group treated with vehicle or fluvoxamme, indomethacingroup, 

and indomethacin group treated with vehicle or t1uvoxanline.Fluvoxanline was administered 

in dose of 50 and I 00 mglkg. 

Gastric ulce.' induction 

Stress-induced gastric ulcer was done in accordance to Ji et. a1.,[9] Animals were food

deprived overnight. Thirty minutes after tluvoxamine, or saline injection, stress induction was 

started. Animal was restrained in polypropylene tube with sufficient holes for air circulation. 

The tube was vertically immersed in water bath at 25°C for 6 h. 

NSAfD-induced gastric ulcer was produced by treating animal with indomethacin. Animals 

were food-deprived overnight. Thirty minutes aftcr administration of tluvoxamine or vchicle, 

indomethacin 25 mglkg were orally administered.[ 18] 

Assessment of gastric mucosal injury 

After water immersions for 6 h, or 6 h after ulcer induction with indomethacin, the animals 

were then sacrificed. The stomach tissue was rapidly removed, opened along the greater 

curvature and gently washed by nOllllal saline. Scoring of ulcer was performed toward 

macroscopic mucosal lesions to calculate ulcer index and intraluminal bleeding.[9,18J 
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Briefly, stomach was pinned out flat and observed for the presence of blood or mucus. 

Severity of intralwllinal bleeding was eval uatcd according to the arbitrary scale,[ 19] as 

follows~ 0, no blood detectable~ I, thin blood follows the rugae; 2, thick blood follows the 

rugae; 3, thick blood follows the rugae with blood clots in certain areas; 4, extensive covering 

of the whole of mucosal surface with thick blood. Then the stomachs were gently rinsed with 

saline to remove the gastric contents. the wiped blood off, spread and pinned in a flat altitude 

for subsequent examination of the ulcer index. Color photographs of the mucosal surface 

were taken. Each lesion area was measw·ed in square millimeters, and the cumulative area of 

all lesions served as the measure of erosion damage.[9] The tissue was fixated and stained 

with hematoxylin-eosin and HSP 70 antibody. 

Statistical Analysis 

All data are presented as means ± S.E.M. One-way analysis of variance (ANOVA) followed 

by a post hoc Bonferroni test was used to compare groups. Student's t-test was lIsed to 

compare two groups, where appropriate. Differences were considered statistically significant 

when p < 0.05. 

3. RESULTS 

Effect of fluvoxamine on NSAID-induced gastric ulcer 

The photograph of gastric lumen showed that oral administration of indomethacin 25 mglkg 

increased the gastric lesion (Figure I A-B). Dark spot in the gastric Iwnen represented tlle 

lesion. Fluvoxamine 50 mg/kg decreased the dark spots appearance in the Iwnen. 

Fluvoxamine 100 mglkg decreased the dark spots appearance as compared to indomethacin

treated group and fluvoxamine 50 mg/kg group (Figure I C-D). 

The calculation of ulcer index showed that indomethacin treatment significantly increased the 

ulcer index. Fluvoxanline 50 mg;kg markedly decreased the ulcer index. Furthermore, 

4 
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tluvoxamine 100 mg/kg notably reduced the ulcer index (Figure 2A). Indomethacin treatment 

significantly increased the intraluminal bleeding score. Fluvoxamine 100 mg/kg, but not 50 

mgikg, suppressed the indomethacin-induced rise in the intraluminal bleeding score (Figure 

2B). 

The histological measurement using hematoxylin-eosin staining showed the damage of 

epithelial tissue after treatment with indomethacin. It is demonstrated that tluvoxamine 

decreased the damage induced by indomethacin (Figure 3A-D). 

Effect ofOuvoxamine on stress-induced gastric ulcer 

The photograph of gastric lumen showed that stress using water immersion and restraining 

method increases the gastric lesion (Figure 4A-B) Fluvoxamine 50 mglkg decreased the 

gastric lesion in the lumen. Fluvoxamine 100 mg/kg decreased the gastric lesion in the lumen 

as compared to stress group and tluvoxamine 50 mg/kg group (Figure 4C-D). 

Pretreatment with stress significantly increased the ulcer index as compared to non-stress 

group. However, tluvoxamine 50 mg./kg markedly decreased the ulcer index as compared to 

saline-treated stress group. Furthcnnore, tluvoxamine 100 mg/kg notably reduced the ulcer 

index (Figure SA). Accordingly. stress induction significantly increased the intralwninal 

bleeding score. Fluvoxamine 50 and 100 mglkg suppressed the stress-induced increase in the 

intraluminal bleeding score (Figure 5B). 

The histological measurement using hematoxylin-eosin staining showed the damage of 

epithelial tissue after 6 hours stress induction. The result showed that tluvoxamine decreased 

the gastric ulcer induced by stress (FibJUl'e 6A-D). 

Effect ofOuvoxamine on Hsp70 expression in gastric ulcer 

Immunohistochemisuy was conducted using anti-Hsp70. Indomethacin treatment increased 

the expression of Hsp70 (Figure 7"-\-B). Injection of fluvoxamine 50 mg/kg aDd 100 mg/kg 

prior to indomethacin lreatment further increased the expression of l-Isp70 as compured with 
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indomethacin-treated group (Figure 7B-0). Accordingly, water immersion restraint stress 

increased the expression of Hsp 70 (Figure 7E-F). Injection of fluvoxamine 50 Illg/kg and 100 

mg/kg prior to stress induction further increased the expression of Hsp70 as compared with 

stress bJfOUP (Figure 7F-H). 

4. DISCUSSION 

The gastric ulcer models induced by NSAlDs administration and stress induction have been 

commonly used to evaluate the efficacy of gastroprotective agents. In the present study, we 

clarified that NSAlDs-induced gastric ulcer is successfully produced by oral admil1lstration 

of indomethacin 25 mglkg. This result is JJ1 agreement with the previous study 

byJi[9]showing that single administration of indomethacin succcssfuHy induces 

ulceration. Furthermore, ow' result showed that fluvoxamine dose-dependently decreased the 

indcx ulcer induced by indomethacin. Moreover tluvoxamine 100 mg/kg suppresscd the 

intraluminal bleeding induced by indomethacin. This is in agreement with the previous study 

by Dursun et. al.,[20] showing that tluvoxamine atfects antioxidant and oxidant parameters in 

gastric tissue to inhibit ulcer fonnation.[1 2] 

The inhibitory effect of fluvoxamine on indomethacin-induced gastric ulcer has raised the 

potentia) gastroprotective effect of fluvoxamine on stress-induced ulcer. Reports show that 

some SSRIs have shown a protective effect against stress-induced ulcer. For example, 

f1uoxetine suppresses acute cold restrain stress-induced gastric ulcer.[IO] Moreover, repeated 

administration of paroxetine decreases water immersion stress-induced ulcer possibly by 

modulating corticosterone level increase during stress. [ II] The present study demonstrated 

that 6 h stress induction produced by water immersion and restrain procedure in mice 

generates gastric ulccr and intralwninaJ bleeding. This result is in agreement with previolls 
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study showing that 6 h water ImmerSIOn III restraining cage effectively induced ulcer 

formation and intralwllillal bleeding.[9] 

Fwthennore, the present study demonstrated that fluyoxamine dose-dependently and 

significantly decreased the rise in ulcer index induced by stress. Fwthermore, fluvoxamine 

dose-dependently and si~Tf1ifjcantly attenuated the stress-induced increase in intraluminal 

bleeding score. The similar result with other SSRIs, tluoxetille, is also previously repolted. 

Fluoxetine atlenuates the ulcer index and gastric intraluminal bleeding in either NSAIDs- or 

stress-induced gastric ulcer.[9,10] Since there is no evidence showing the mechanism 

underlying the protective effect of tluvoxamine on stress-induced gastric ulcer, we further 

investigated the possible molecule related to cell damage in gastric tissue. 

Hsp70 is known as a gastroprotective molecule in ulceration event. In the present study. we 

found that the expressions of Hsp70 increase in gastric ulcer induced by indomethacin. This 

is in agreement with the study by Suemasu et. al.,[ 17] showing that down regulation of Hsp70 

expression increases cell damage induced by indomethacin. Moreover, deleting the 

transcription factor of Hsp70, HSF, increases the lesion index induced by indomethacin. 

Subsequently, our results showed that fluyoxamine administration before ulcer induction by 

indomethacin further increases the expression of Hsp70 in gastric tissue. Together with the 

result showing an ameliorative effect of tluyoxamine on gastric ulcer. this result suggests that 

fluyoxamine may decrease indomethacin-induced gastric ulcer by up regulating Hsp70 

expression in gastric tissue. 

Previous study shows tllat the high expression of Hsp70 is associated with the protective 

effect of moxibustion on stress-induced ulcer.pl] Similarly, our result showed that the 

expression of Hsp70 increases ill stress-induced gastric ulcer condition. These suggest that 

Hsp 70 may playas a protective response to stress-induced ulcer. Furthermore, OW" present 

study showed that tile treatment with fluvoxaminc further increased the Hsp70 expression in 
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gastric tissue. This suggests that tluvoxamine may ameliorate gastric ulcer by Upreb'1llates the 

expression of Hsp70 in gastric tissue. 

Mechanism on how fluvoxamine upregulates Hsp70 expresSIOn IS remained unknown. 

Sigma-I receptor. the receptor for fluvoxamine. has been repOlted to bind Hsp70 in 

endoplasmic reticulum. Binding by tluvoxamine on sigma-l receptor may brake dO\\l1 the 

sigma-l receptor-Hsp70 binding. and activates the chaperoning activity each component.[22J 

Fwther research is needed to claritY this issue. 

5. CONCLUSION 

The present study demonstrates that fluvoxamine ameliorates the gastric ulcer induced by 

stress as well as NSAID in mice. Moreover. tluvoxamine further increases the Upreb'1llation 

of Hsp70 expression in gasu'ic epithelial tissue. The further study on the detail mechanism of 

tluvoxamine's antiulcer activity may lead to the prospectivedevelopment of 

effectivetreatment to stress-induced gastric ulcer. 
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Figure 2. Effects of fluvoxamrne on indomelhacin-induced Increase ill ulcer index (Al and inlraluminal 
bleeding score (B). Each column represents the mean ::I: S.E.f\L of 6 mice ...... p < 0.001 vs vehicle group. 

~p < 0.05, :;:#p < @O.Ot vs IND + vehicle group. 
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Rahmadi et al , Figure 3 

Figure 3, Representative microphotograph of gastriC epithelial tissues of mice treated with vehicle ( A), 
Indomethacin-lween-80 (B), Indomethacin-fluvoxamlne 50 mg/kg (C), and indomelhacin-fluvoxamille 100 

mgJkg (0), The transverse sections were stained with hematoxylin eosin to Identify epithelial tissue damage. 
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Rahmadi at al , Figure 4 

FIgure 4, Representative photograph of gastric lumen of mice treated with no stress CAl. stress followed with 
tween·BO (6), stress followed with nuvoxamlnc SO mg/kg (e), and stress followed with flu voX'amlne 100 

mg/kg (D), Tween·aO and fluvoxamlnc were Injected 30 min prior to stress Induction. Tissues were sampled 
soon after the termination of 6 h stress Induction. 
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Figure 5. Effects of f1uvoxarnlne on stress-induced increase III ulcer Index (A) and IIltralurnlnal bleeding score 
(8). Each column represents the mean % S.E .I-l. of 6 mice. '~p < 0.01, *."p < 0.001 vs control group. #p 

< 0.05, ##p < @O.O! vs stress + vehicle group. 
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Rahmadl et aI. , Figure 6 

Figure 6, Representiltive mlcrophotoqraph of gastriC epithelial tissues of mice treated With no stress (Al, 
stress fo llowed wllh tween-SO (B), stress followed With fluvoxamine 50 mg/kg (e), and stress followed with 

fluvoxamine 100 mg/kg (D). The transverse sections were stained with hematoxylin eosin to Identify 
epithelial tissue damage. 
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R3hmadi e! aI., Figure 7 

Figure 7. Representative microphotograph showing Hsp70 expression in gastr1c tissues after treatment with 
oral administration of normal saline (A), Indomethacifl-tween-80 (B), indomcthacin-rluvoxamlne 50 mg/kg 
(el. and indomethacin-fluvoxamine 100 mg/kg (D), stress followed with tween-SO (El , stress followed with 
fluvoxamlne 50 mg/kg (F), and stress followed With fluvoxamine 100 mg/kg (G). The transverse sections 

were stained with anti-Hsp70. 
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ERYTHROPOIETIN AMELIORATES STROKE-INDUCED MOTORIC AND 

COGNTTIF DEFICITS EVALUATED BY FORELIMB USE ASSYMETRY TEST 

ANDY-MAZE 

Chrismawan Ardianto, Dewi Wara Shinta, Mahardian Rahmadi, Junaidi Khotib 

Department of Clinical Pharmacy, Faculty of Phannacy, Universitas Airlangga 

Abstract 

Background Stroke has been known as the leading cause of disability and death. The 

neuronal death caused by ischemic stroke leads to loss in motoric and cognitive 

function, which lowered the quality of life. Erythropoietin (Epo) has been proposed to 

protect brain from injury through the inhibition of apoptosis in penumbra area its 

interaction with vascular endothelial growth factor (VEGF) and insulin growth factor 

(IGF-l) to provide an angiogenic effects on injured brain area. However, robust 

evidence on the protective effect of Epo on motoric and cognitive function. and the 

dose dependent character of Epo treatment remains to be determined. Method Male 

6-8 week old Wistar rats were used. The stroke was induced by right unilateral carotid 

artery occlusion. Examination on motofic and cognitive function were conducted 

using FUAT and Y-maze test~ respectively, before stroke induction and 1; 3; 7~ 10; 

and ] 4 days after stroke. Results The results showed that the induction of stroke 

decreased the contralateral forelimb use in FUAT test and % correct arm entry in Y

maze test. Epo ameliorated the suppressive effect ofEpo 011 contralateral forelimb use 

and % correct ann entry. Epo at dose 1,000; 5,000; and 10,000 IU/kg showed a rather 

equal protective efl"ect on behavior deficits. The onset of protective effect of Epo on 

motoric and cognitive functions was shown from I day after stroke. Conclusion To 

conclude, the present study demonstrates an early and robust neuroprotective effect of 

Epo treatment on motoric and cognitive deficits induced by ischemic stroke. 
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Int.·oduction 

Stroke is one of life threatening diseases. which commonly triggered by chronic courses of 

metabolic disorder. Stroke causes disability and lowering the quality of life by affecting the 

brain function. Ischemic stroke is the common fonn of stroke that made by focal occlusion 

of blood vessels in the brain, which lead to the suppression of oxygen supply to the certain 

part of the brain and causes neuronal death. More than 80%, of stroke causes by ischemic 

infarctions. and the remaining are caused by hemorrhages and subarachnoid hemolThage 4. 

In a year, there are more than 20 million people in the world experiencing stroke. More 

than 500,000 stroke attacks per year, mostly primary strokes. occur in the U.S 1.2. There is 

an emergence need of therapeutic approach to reduce the disability by preventing further 

neuronal deficits in the infraction area. 

It is reported that hypoxia promotes multiple gene activation to produce functional protein 

and peptides such as Epo and VEGF that will improve oxygen delivery to the tissues. The 

hypoxia-induced upregulation of Epo and Epo receptor suggests that exogenous Epo 

administration exhibits a potential therapeutic role in preventing fUlther tissue damage 

from ischemia in the central nervous system 3.4.5. There is an increasing evidences shows 

that angiogenesis after Epo treatment results in improved collateral circulation and may 

impact to the recovery of motoric and cognitive functions. Epo has been proven to inhibit 

the apoptosis in penumbra area and increase the proliferative factors 5.6.i. However, there is 

still lack of evidence in the robust protective effect of Epo on Illotoric and cognitive 

function and the onset of immediate Epa administration post stroke event. More over, there 

is evidence showing the use of different level of Epo dose, yet without pointing out the 

dose size effect of Epo on stroke-induced deficits in motoric and cognitive functions. Thus, 

Confidential Material 

Page 2 of 10 
IR-PEPUSTAKAAN UNIVERSITAS AIRLANGGA

LAPORAN PENELITIAN POTENSI ERITROPOETIN SEBAGAI INDUKSI... CHRISMA WAN ARDIANTO



3 of 10 VASCULAR 

present study aimed to examine the effect of Epo on the stroke-induced deficits in 1110toric 

and cognitive fUllctions after immediate administration upon stroke attack and its dose 

dependent effect. The stroke induction was made by unilateral carotid artery occlusion and 

Epo was administered intravenously in the same day. The motoric and cognitive tests were 

made by using FUAT and V-maze, respectively. 

Matetial and Method 

Materials 

The materials used in the experiment were rHu Erythropoietin alfa (PT Daewoong Infion, 

Pandaan, Indonesia). normal saline (PT. Widatra Bhakti, Pandaan. Indonesia), puritied 

water made by water purifier, buffered-formalin 10%, xylazine, midazolam. 

Animals model and treatments 

Male 6-8 week old Wistar rats were used. The conduct of the research has been approved 

by ethical committee on animal use of faculty of veterinary medicine, Universitas 

Airlangga. All animals were used only once. All efforts were made to reduce the animal 

number and their suffering. The stroke was induced by unilateral carotid artery occlusion 

in the right side. Briefly, rats were randomly divided into shanl, stroke with Epo 1,000 ru, 

stroke with Epo 5,000 IU, and stroke with Epo 10,000 IU. Intraperitoneal injection of 

xylazine (10 mg/kg) and ketamine (80 mg/kg) were used as anesthesia. The animal was 

fixed to the surgical table using adhesive tape. A small incision (2 - 3 cm) in the midline 

neck and the right common carotid artery was isolated from the connective tissue and vagal 

nerve. in groups with stroke, the right common carotid artery (CCA) was blocked by 

2 
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bulldog clamp for 90 min under unconscious condition. Sham group was subjected to the 

same procedure without clamping the m1ery. The incision was closed with sutures. 0.5 1111 

of saline was given intraperitoneally to substitute the water loss during surgery. Epo was 

administered intravenously not more than 2 hours after the stroke-induction or the surgery 

finished. Examination on motoric and cognitive function were conducted using FUA T and 

Y -maze test, respectively, before stroke induction and I; 3~ 7~ 10; and 14 days after stroke. 

Forelimb Use Asymmetry Test (FUA T) 

Forelimb Use Asymmetry Test was conducted before stroke induction, and at I. 3. 7, 10 

and 14 days after stroke induction. Forelimb use dw"ing exploratory activity was analyzed 

by videotaping rats in a transparent cyJinder (20 in cm diameter and 30 cm in height) for 3 

to 10 minutes depending on the degree of activity during the trial. A milTor was placed to 

the side of the cylinder at an angle to enable the recording of forelimb movements even 

when the animal was tumed away from the camera. Scoring was done by blinded, 

trained-examiner. Independent use of the left or right forelimb for contacting the wall 

during a full rear to initiate a weight-shifting movement or to regain center of gravity while 

moving laterally in a vertical posture is scored as 1 point for the respective forelimb used. 

Simultaneous use of both the left and right forelimbs for contacting the cylinder wall 

during a full rear and for alternating lateral stepping movements along the wall is scored as 

I point for each forelimb. The total score of impaired (contralateral) forelimb and 

unimpaired (ipsilateral) forelimb was used as a percentage of total number of limb use. The 

disability score was measured by comparing the use of impaired contralateral (left) 

forelimb to the total use of forelimb. 

Y-maze assay 
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Y maze test was conducted in accordance to Onalopo et a1 (2012) and Wahl et al (1992). 

Briefly, Y maze test was performed before stroke induction, and at 1,3, 7, 10 and 14 days 

after stroke induction. This behavior, spontaneous alternation was used to evaluate the 

working memory of rats placed in a new environment. Each rats was placed in one of the 

arm compartments and was allowed to move freely until it tail completely enters another 

arm. The sequence of arm entries is manually recorded, the arms being labeled A, B or C. 

Three possibilities were offered the rats for its first choice: staying in arm A moving into 

ann B or moving into arm C, an alternation was considered as correct if the rat entries a 

new arm and did not return to the two previously visited arm. The percentage of correct 

choices was calculated as a percentage of corrects alternations to the total alternations. The 

apparatus was cleaned by swapping tap water, followed by 0.3% acetic acid, and allowed 

to dry between sessions. 

Results & Discussion 

The present study showed that the percentage of contralateral forelimb use was not 

significantly affected by sham surgery from day I to 14 observations. The results showed 

that the induction of stroke significantly decreased the contralateral forelimb use in FUAT 

test at day 7, 10 and 14. Epo ameliorated the deteriorating effect of stroke on contralateral 

forelimb use. Epo at dose 1,000: 5,000; and 10,000 (lJlkg showed a rather equal protective 

effect on behavior deficits. Epo significantly ameliorated the moloric functions deficits 

induced by stroke at day 7 and 10 (fig. J). 

The result of the present study showed that the percentage of correct alternation choices 

was not significantly affected by sham surgery from day I to 14 observations. The 
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induction of stroke significantly decreased the correct alternation choices in Y-maze test at 

day 3 and 10. Moreover, The induction of stroke steeply but not significantly decreased the 

correct alternation choices in Y-maze test at day 1, 7 and 14. Epo significantly ameliorated 

the suppressive effect of stroke on the correct alternation choices at day I to day 14. Epo at 

dose I ,OOO~ 5,000; and 10,000 IU/kg showed a rather equal protective effect on cognitive 

deficits (fig. 2). 

The activation of EpoR by EpoR during hypoxia suggests that Epo has a pivotal 

therapeutic role for tissue damage during brain ischemia or neuronal hypoxia in the central 

nervous system. Epo has shown an efficacy to improve cognitive and sensorimotor deficits 

in rats model of chronic contrictive injury and cryogenic lesion injuries. Thus, it is possible 

that the reduction of cell death in the motor area in brain improves motor function in 

stroke. 
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Figure captions 

Figure 1. The effect of Epo on motoric function is evaluated by FDA T method. The 

forelimb use was examined before stroke induction, and 1, 3, 7, 10, and 14 days after 

stroke induction. The score are performed as the percentage of contralateral (left) forelimb 

use to the total forelimb usc. Scores arc perfornlcd as the mean ± S.E.M of 5-6 rats. 

#p<O.05, ##p<O.OI vs Sham group. *p<O.05, **p<O.OI vs Stroke group. 

Figure 2. The effect of Epo on cognitive function is evaluated by V-maze method. The 

forelimb use was examined before stroke induction, and 1, 3. 7, 10, and 14 days after 

stroke induction. The score are performed as the percentage of correct alternation choices 

to the total alternation done during the test. Scores are perfornled as the mean ± S.E.M of 

5-6 rats. #p<O.05, ##p<O.OI vs Sham group. *p<O.05, **p<O.OI, ***p<O.OOI vs Stroke 

group. 
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The effect of Epo on mOloric function is evaluated by FUAT method. The forelimb use was examined before 
stroke Induction, and 1, 3, 7, 10, and 14 days after stroke induction. The score are performed as the 

percentage of contralateral (left) forelimb use to the total forelimb use. Scores are performed as the mean ± 
S.E.M of 5·6 rats. :;:p<O.OS, :;:#p<O.OI vs Sham group. 'p<0.05, ··p<O.Ol vs Stroke group. 
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The effect of Epo on cognitive function is evaluated by V-maze method. The forelimb use was examined 
before stroke Induction, and 1, 3, 7, 10, and 14 days after stroke induction . The score are performed as the 
percentage of correct alternation choices to the total alternation done during the test. Scores are performed 
as the mean ± S.E.r-l of 5-6 rats, #p< O.OS, ##p<O.OI vs Sham group. ~p<O.OS, ·"p<O.O I , ···p<O.OOl vs 

Stroke group. 
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