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Potential of Cerebrolysin in Stroke
5A.(NLAW) Wey. 95940 YALUAS
ANZWWNEAEAS YWNAINTAlNIINGTEY annvIning
nnadfgsanssvInien (ischemic stroke) S1uufosay 25
ansalinisinede IV ritPA 16 uaziiiiesdnuiuiosay 10 ves
nufithewhiufianansolsinissnude mechanical thrombectomy
ld Taganndeyavesdinanunanyseiuguainuisnd (avay.)
am’mﬂmsuma maauLaamluwﬂaaamawnmaam’LuUs wieilneg
Aunltanfnduanndosay 5.96 Wl wa. 2560 Wudesar 9.26
Tl we. 2566 d@wdeyaannisAnulul a.e. 2015 f9 A.A. 2016
Tuglsy 44 Uszina Aadsvesdnsinislisuetazarsduien
wiriuFesay 7.3 wazdnsiluusewmadu U a.a. 2019 G A.A. 2020

Wusseng

Wy.un1As dedualusna
Isawgaurawrynln 1

ogfifouay 564 dmiuteyadiae ischemic stroke 7lF3y
endovascular thrombectomy TuUsewelvneg Tl we. 2566 Tsnuau
1,733 518 Aadudesay 2.2 IﬂaLﬁal,ﬁ&luﬁuaﬁmumsmﬂqhﬂ
$ Af 2016 fa e 2017 egiisesas 1.93 uazadnluussime
soamsidsegiuszanaifosas 7 Wl aa. 2016 egslsiiany wi
it ischemic stroke 2%lsi5u reperfusion therapy liidnaz@umsdnm
fg IV tPA (tissue plasminogen activator) vﬁa thrombectomy
Nﬂaamm’maaau 50 agWuNIE disability 7l 3 ifou ndaN133nY
mmmmwﬂumamﬁnwﬂumaﬂauﬂaumm 1A futile recanalization,
reperfusion injury, reocclusion Wag blood-brain barrier (BBB)
disintegration s3ufwU3esaeaz 3 fi9 40 wfinA1e hemorrhagic
transformation




nalnlunsiie reperfusion injury ¥esENes oA A1SAANTIY
oxidative stress, inflammation, BBB injury yeaua cell apoptosis 9139

necrosis  1ABNszUIUNTSIAR  ischemic cell death Tuauesdnla
nnanelade Wy astrocyte Lim swelling %30 free radical,
basement membrane %38 endothelium disruption 59183
immune cells 19 9 AlunumlunsylAfansmevesasussam
Tuaues Inglutas hyperacute stage Tudie 6 “U?IﬂNLLiﬂleENNU’JEJ
ischemic stroke Wu31 BBB permeability azfay 9 L‘W:Mﬁﬁ‘uu T
WNUATIY hypo><|a cytoto><|c edema uay cell death Iuauaqlm
w6 Falug § 72 Falug mazﬂ,usuﬂu acute stage lutasil
AN neuroinflammation Waz reperfusion injury fosnluYa
72 $lie Saszezinan 6 dUani lusse subacute stage LWUATIY
neuroprotective inflasmation, neoangiogenic L& recovery process
Fmdmin 6 dUaw luszer chronic stage aueRTAANTZUIUNG
neovascularization Hag neurogenesis 18 Tnnszuiunsnng q fiAn
Fumeluauesiifensyuaums endogenous defense activity (EDA)
Fadunalnnisundesveawaduszamluanesnazilugnadnives
mssnedia TAuA nPUIuS  neuroprotection, neurotrophycity,
neuroplasticity, neurogenesis uspenslshmu wuh damage mechanism
(DM) 613 9 17|"Lﬁm‘fuluauaqawﬁﬂﬂq’maﬁwéiuﬂ’ﬁ%’ﬂmﬁlmaa Taun
excitotoxicity, free radicals, metabolic dysfunction, inflammation,
apoptosis-like process, protein misfolding Judu ﬁ'\‘iﬁgu gl
N135n1 ischemic stroke Mg mm'ﬁﬁ%aaﬂqw%‘uw multimodal
mechanism Tun1sta@3u endogenous defense > activity YpagaaUTEEm
Iuauaq Iﬂ&mqmﬁ neuroprotective Wy §ugan1Ie oxidative stress,
EJ‘UEN inflammation, aAN13% excitotoxicity WI0AANITLAR apoptosis U3
wadUszamle ‘J’Jmﬁﬂﬁl’]ﬂ’siﬂixﬁu synaptogenesis Uaz nerve sprouting
Fsagtenszdunszuauns neuroplasticity 16

Evolution of blood-brain barrier permeability
throughout the different stages of stroke
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Stroke Center
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msAnwNaresnsUnleswaduszamluauss (neuroprotection) lu
drinmreuinaglinaiin udegslsimy msfnwmares neuroprotection
Q’ﬂwﬁlﬁﬂmw acute stroke @ulngidndumal FsinsAnwrasiuds
nalnflenaaztieuiunanisnuluiudls e Guideline for the early
management of patients with acute ischemic stroke (AHA/ASA
guideline 2019)'  §slallduugiinissnwssevielaldondilina
neuroprotective action Lilasandshifindngrudaszdnsannsine
luUiuy randomized controlled trial %38 meta-analysis figudu
Usgleriannnssnwsingn Iae STAIR X Consortium? latguslii
wilagiu  neuroprotective drug  slailauansfiausslemilunissnun
A% acute ischemic stroke usagnslsfiniy ganansafieAnuiaun
gnduvdoslvififignssnarieldifu adjunctive treatment dwisu
reperfusion therapy Iﬂ&lmﬁﬂﬂﬁnm'ﬁﬁqw%{ pleiotropic effect Way
enquis inanenalniazdieundessadases (brain cytoprotection)

Multimodal drugs with pleiotropic
neuroprotective effect—mechanism of action
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Stroke Center
J. Clin. Med. 2022:11:1273. Badiecitaioiny

Msiasanli neuroprotective agent anavhlalunaneisves
3% susreusuihiunsthelulsaetuna (pre-hospital use) Tne
mslfenmsieaannsdely ischemic stroke waw hemorrhagic stroke,
laiﬁsﬁy’umauﬁ&jamﬂiumw%msm Wil infusion pump, ldifn
Junsi3eniu tPA waveAdsidoyaatuayuysedniaineeinis
Snwludaousn ddueifionvezfiansanlivaznewsi intervention
(pre-intervention  use) fasliiTinasuniunisvh thrombectomy, #1158
vinsenldasain saudsdwinuieelade audsdagduideya
A1SANEN neuroprotective drugs 738 cytoprotective drugs
sl Ae. 1967 safsn1sfinun Cerebrolysin ugithe stroke dus
YA 1991

Cerebrolysin Hu complex compound fduusznaures peptide
ﬁi]‘vé neurotrophic activity Imaﬁamaanqwému multimodal action
6w nSEAU neurotrophycity wagflans neuroprotection saudsdl
Ustlomiluiives neuronal metabolism flgdesednunsiinnig
hypoxia Wazdugsnsavanves lactate lasdoyasinnisfineima
Aatinga Cerebrolysin 99nNN5ANYI0Y Lang wazame® WWunisinw
M3l4 alteplase (rt-PA) 59ufiu Cerebrolysin IuEULLUU prospective,
randomized, placebo-controlled, double-blind study SLUﬂa:ME:JJ'ﬂ?S
acute ischemic stroke (AIS) fiAnanisanelu 3 $2lue Taevhnisfinw
Wisuileufunguillédy alteplase WWasothafien githesuu 119 1
fidsmnsfnwarlédu IV Cerebrolysin w3e placebo i 1 dalus
n&nlAsu thrombolytic treatment LLamaamﬂuuwmaLma nau

agla3U IV Cerebrolysin %38 placebo auawma Wunan 10 Ju Ima
primary outcome 9Usztiua1N modified Rankin Scale (mRS) Sudt
90 wansAny MU MRS wesia 2 ndu Tauansety usegslsfinim
dlefiansan secondary outcome Iaun NIHSS (National Institutes of
Health Stroke Scale) WU ﬂawlm‘u Cerebrolysm mm’;uwma
i NIHSS isdumnndwiewihiu 6 Su 7 2, 5, 10 way 30 wnnd
ﬂawvlm*u placebo otsfidedAgneadd Tngeinisliisuszasd
Taiumnehafturks 2 nau

MsAnw CEREHETIS Tpe Khasanova wag Kalinin® tlunis@inen
1u§1JLL‘U‘U prospective, randomized, open-label, parallel-group with
active control, multicenter study T8N1SANYINAVD Cerebrolysin
un 30 mL fou Wunar 14 Tu safumslit alteplase (0.9 mg/ke)
U 126 518 LU%‘&JULﬁaUﬁ’Uﬂduﬁlﬁ%’u alteplase auAUNTSNEN
UINTFIU U 215 79 lag primary outcome lﬂLLﬂ any or
symptomatlc hemorrhagic transformation (sHT) mLLmu‘Vl 0 B9

Jui 14 way secondary outcome lauA NIHSS ’J‘LWI 1 mau‘m 14 uay
MRS Jufl 90 FemanisAnwnu ﬂqu‘vﬂ,m Cerebrolysin figUfinsal
499 SHT ﬁaaﬂdﬂuﬂduﬁlﬁ atepLase Wigsedhieog Ay
n"9atA lnedl odds ratio (OR) ®g#1 0.248 (95% mqmwwﬂjauummu
0.072-0.851; p = 0.019) Tneidlofiansan mRs 7 90 $u wudi wa 2 nau
Tlunnshaifu Samsanuituandidiuin msld Cerebrolysin uﬂswiwu
Tunsshvidlellurasszeznaiiiunga




Study endpoints

ITT Population, n =341 PP Population, n=318

Cerchrolysin,  Controln=215 pValue Cerebrolysin,  Control,n=201  pValue
n=126 =117
Primary
HT,n (%)
Any. 20(159) 50(233) 0.103 1603.7) 45(229) 0046
S\‘m wiﬁ.mr 4(32) 20(9.3) 0032 3{2.6) IP.Q %
Median tine to any HT, days (OR) 1(1=1) 10=1) 0.763 1{=1) 1(1=1) 0.608
Any HT occurced within 24 haftee VT a (%) 170135) 44(205) 0105 1BAEY 40019.9) 0043
Secondary
DS (v, 10R)
Day 1. all patents 5@-1 6(3-11) 0536 543-9) $13-10) 0aR
Day 1, patients with any HT 11(6-16) 14(6-17) 0493 8(6-13) 1a(8-17) 0158
Day 14, all patients 2(1-6) 3-7) 0045 2(1-6) 301-6) 0032
Day 14, patients with any HT $(2-11) 7(2-13) 0370 5(2-8) 74(2-12) 0183
mit5, day 90 (1, 10%) 110-2) 1(1-3) 0.240 1(0-2) 1(0-3) 0,148

i
150 (698) 0.265 95(81.2)

Favorable autcome, n (%) 95{75.4) 150 (7a5) 0172

- Early add-on of Cerebrolysin to reperfusion therapy: safe and significantly decreased the
rate of symptomatic HT.
- No effect on day 90 functional outcome
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dwsumsanwinnudululdvesnisld Cerebrolysin wuu pre-
hospital use lnglssngruiaguiasnsalsauiulsmeruiangiv 1 1Ju

m‘;ﬁﬂmﬁﬁﬂugﬂmu prospective, open-label, pilot clinical trial ‘171151’

Ainwinsld Cerebrolysin Tugthe AIS Niflon1saelu 3 4alus Aswsuida
Sumssnwlulsamenuna Taswusnguitieeenilu 2 nau nquay 10 518

oun nquilasuen Cerebrolysin Tusanenuia (EMS group) uaznguile

$uwn Cerebrolysin Tu mobile stroke unit (MSU group) lngiia 2 nau
alasu Cerebrolysin 30 mL Lﬁaaaﬁ’a'jwﬁﬂwﬁmaz acute stroke
Tensdl MSU group 1adimsvh CT scan wagfiansanliidelalli IV tPA
Tnethe 2 ngu asgninddlsmenuiaiiosunisinwanasgiuluiias
Taongu AIS azlé¥u Cerebrolysin saifunan 10 Fu udnguiiwui
finmg intracranial hemorrhage (ICH) aglallasu Cerebrolysin sty
uwNuNsENURR NsAnwifRiansan feasibility outcome e primary
outcome  Fsusfiunatausiuunndfsanuiiiamgauiaa e
Ie5uen Tnemansnunuin Adfseguegit 23 wiil Tnengu EMS uag
MSU wifu 18 w1l uag 26 undl sudidu duwanisdinwdu q leud
i“a“nmmmemaLimmmmumnamlmuml:uLmﬂmqnum PIGH
Tnemansinymus Ansegiuegi 91.5 wil uazAnisegilungu EMS
uay MSU whitu 99 wnil uay 87.5 wnil maeneiy, mmumﬂawaamu
FranmnsAnnis iy 18 918 9nnkmue 20 $18 Anduderag 90
wui ngu EMS gieSesar 80 egaunasunsne dungu MSU file
asauﬂiumsﬂﬂmmwm mmumﬂ’mﬂlmumsamamwLUu acute stroke
wud ngu EMS Sdwiusesar 90 uarlungy MSU Sduiuseway 100
wazduaudtaedldumsidadeindu AIS wui  ngu EMS fdiuau
Sovax 80 lnerthe 7 Tu 8 318 16U tPA LLazﬁ‘hmuﬁﬂaaﬁlﬁ%’umﬁﬁﬁ]ﬁa
’nnJu AIS Iuﬂau MSU fidruuesaz 70 laegihe 5 Tu 7 579 193U tPA
dlofisan median mRS vty ischemic stroke Hove (n= 15) NN
Wiy 4, 4, 2 waz 1 @ aumnsumﬁﬂmmﬂuisqwmma mvmmm
genanlsaneTuta, Juil 30 waruil 90 eudu Fenisdnund
wanalmmutsanudululinazanulasnselunisly Cerebrolysin wuu
pre-hospital use Iuﬂiiﬁﬁﬁﬂﬁdﬁ’lﬁ’sﬁﬂ’m acute stroke ddlsangnuna

Yagduiinisdnwiusedniainvesen Cerebrolysin (CERECAP;
CErebolysin RECanalization And Perfusion) #n9 ¢ samsAnensle
gLUU pre-hospital use miﬂﬂwﬂuﬂqurﬂma ischemic stroke it
IV thrombolysis #seiinsvh thrombectomy sataAnwUsEEVBA MDY
TuB0swes neuroprotection Aoy WU Hase BBB 130 neuroimaging
s ?jqﬁ%ﬂuﬁmaﬂmm%’agaﬂszﬁw%mwmaqms‘fwh’mialﬂ

Treatment of acute ischemic stroke
ney. unA3 deduativdng
Tsangruiangyain 1
nann1slun1ssnwUae acute ischemic stroke (AIS) leiun
supportive care, avert clot propagation, recanalization, collateral
enhancement Wa¥ neuroprotection/neurorecovery #4§i35n13
(methodology) #ing 9 7114 léud
1. Pharmacological treatment l¢iun n1slden antiplatelet drugs,
thrombolytic drugs Wag neuroprotective drugs
2. Mechanical thrombectomy
3. Neuromodulation %1 sphenopalatine ganglion (SPG)
stimulation, vagal nerve stimulation, NME stimulation Hudu
Tagaziiilddn  neuroprotection  unagnénislunisquasnun
fhe AIS Fathmnevesmssnudendnns neuroprotection ffeiu
6 Uszns loun
. M38m infarct progression Hietrvaslenafiaussazaniden
. nfinviinaudeniiludauiua microcirculation  Fuilalag
msfumsnznguiuvesndaden  wazann1suimnwes  endothelial
cells 7 small vessels
. mstesiunne reperfusion injury deilalnensdudanoy
oxidative stress Wag inflammation
- mMswuAuudeusweslaseadna blood-brain barrier (BBB)
Tuaeadielllidsnuautflunsdudedentin
. msdudansin cytotoxic edema
. ﬂ’liETU&iﬂﬁL‘dﬁéﬁﬁJ@ﬂLﬁﬂ apoptosis %39 programmed cell
death flazdawaliiin secondary injury
Taenagnslumssnuvizes g 4 idmsveaeusmantd neuropro-
tection ufielagtu W hypothermia, glibenclamide, minocycline
uazdu o flilduandidiuisusslovindaauluiion As

A New Taxanomy of Neuroprotection:
6 Broad Classes Targeting Distinct Major Mechanisms of Injury

* Bridging neuroprotectives: slow infarct progression
during initial ischemic period

¢ Microcirculatory flow restorers: dlsaggregaﬁe
platelets and reduce small vessel endothelial
edema

* Reperfusion injury prevention: block oxidative and
inflammatory additional neuronal cell death and
edema
Blood-brain barrier stabilizers: restore BBB
integrity

® Cytotoxic edema reducers: Aquaporin blockers
Delayed neuroprotection: block apoptotic and
programmed cell death processes preventing late
secondary injury

flow disturbance

nstlfnw JUaeve 81y 63 U wenge1nis vertigo, dysarthria for
12 h, numbness both side f®1A15919vUINNINT9E8, CT brain:
no hemorrhage Tunis§nwidesildsu ASA or V 1x1 uaw NSS IV
100 mL/h deundims refer andalsameunadnuis 8amsusniugie
JaneA, dysarthria, motor power right grade 4, left grade 5, ataxia,
decrease PPS on right side Usgtiiu NIHSS = 8 wa MRI Lag MRA brain
WU acute infarction 1 left pons, basilar artery occlusion #a15041
T aspirin 59U clopidogrel, atorvastatin 40 mg, Cerebrolysin
30 mL IV drip in 1 h uaz plan endovascular thrombectomy
wita7nvi thrombectomy i 24 dalug wudn fhealdda Liflornns
Uil snuauld ladfideuuse Tne motor power grade 5, NIHSS = 0
WAZ MRS = 0

Cerebrolysin 1Uu protein-free hydrolysate w38 peptide fiarin
nauowy TaveglusUuuuenindmivdasuin 10 mL/ampule
Tnedauslidmsu Cerebrolysin oA stroke, traumatic brain injury,
Alzheimer’s disease, vascular dementia @1nsuruinenlunissnw




stroke aiﬁi 10-50 mL tJuszeviia 10-21 u Cerebrolysin frnaaudf
VDY peptide findnendaiu endogenous neurotrophic factors (NTFs)
GDNF  (Glia-derived
neurotrophic factor) wag IGF (insulin-like growth factor) lag
Cerebrolysin axaaﬂqwéﬂﬁﬂﬂ NTFs Tun1snsesu signal transduc-
tion pathways Wu Act signalling vaswaaluanesliinnIsyieunIy
Uni Cerebrolysin aaﬂQVIéLL‘U‘U multi-modal #e ﬁqwé neurotrophic
support, ﬂis@ju regeneration pathway Wu Sonic Hedgehog (Shh)
signalling pathway fiddaydmsunsasauazimueionzsng 4 Wy
nszgn ndauile musiuewns Jen uwavawes IeedinmsAnwinut
pathway sananifimuddydmsumsanawasuszam sadnseuauns
recovery Ua4UadELBINe yenani) Cerebrolysin fatfudhs free radical,
an  pro- apoptotic enzymes, AIUANNIZUIUNIT inflammation
DN m‘u neurogenesis muu Cerebrolysin mma%ﬂusuau
neuroprotection, neurorecovery W motor and cognitive impairment
YDIEAUD

Wu CNTF (ciliary neurotrophic factor),

Cerebrolysin® a Multi-modal drug
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naves Cerebrolysin  lunisam hemorrhagic  transformation
vdnmsilaviaonden (recanalization) Fevildlaenisli rt-PA vide
tenecteplase ¥3omsvh thrombectomy iesn tPA e1avilidaNs
Sniauuagyilil tight junction ves BBB aayde integritylu Cerebrolysin
ANNNTNTVIVANNITONEUIN tPA Lazann1g impaired BBB permeability
sl tPA Tddedosay 50 FeBuduusslemivessrdainanilaain
HaNSANEIRY Poljakovic uwazAmy® TildANwNUsEATBANLazAIL
Uaonsdeuesnsly Cerebrolysin 'Lusfjﬂ’;a severe stroke Imﬂmiﬁﬂm‘ﬁ
Isfinngueflhetnsiunsfinnill NIHSS annndwewindu 8 fidneglu
ﬂzju moderate-severe stroke i large vessels occlusion WaN1SANEN
WU ﬂijm‘ﬁhﬂﬁ%’u Cerebrolysin 1in hemorrhagic transformation
Yovaz 38 d@anlunguilléidu Cerebrolysin aAmsalegiifenas 13

Ty Cerebrolysin @wnsnan hemorrhagic transformation Iangnadite
ddyneadftedosa 66 uauiloinnsan mRS #i 12 Lmau wud gl
Souay 72.8 1uﬂaw"lmu Cerebrolysin fifA1 mRS azm 03 aauiuﬂau
sy placebo WU mmummaaamaaau 47.6 wiiiu wenani
nau‘vﬂmu placebo uammmaEmmmmmmawimu Cerebrolysin
fo asmsaaau 429 wazr 136 audey sy sl Cerebrolysin
39UAY rt-PA 93¥7w8n hemorrhagic transformation, ann13LAia
reperfusion syndrome, winanulasaselunisilanasniien nie

recanalization waggiwandnsmadedinlugUae stroke la

Complications after stroke treatment

Cerebral fayan in blood brai )
form a continuous ium in the CNS, which is ight juncti

between the blood vessel and the extravascular space. They
150 play an important role during inflammation.

Cerebrolysin reduces tPA/fibrin-impaired BBB
permeability

Significantly decrease of tPA/fibrin-incr i v
and procoagulant proteins

growth of tPA/fibri tight junction

| 1 | — -
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nMsAnE CARS o Muresanu wazany® 1unsfinuluguuuy
randomized, placebo-controlled, double-blind, multicenter trial
IaAnwfeUszanSnnuazanuUaendeveinsld  Cerebrolysin  1u
nan 21 Ju Aualdiu early rehabilitation vd391nLAn stroke laed
primary endpoint @& ARAT (Action Research Arm Test) score it
90 Tu HANISANYINUDN Lﬂ@ﬁﬂuﬂlﬁ%’u Cerebrolysin Wunan 14 Tu audls
Juit 90 Fu fid1 ARAT score gani Luasz&mmaUﬂUﬂawimU
placebo oghsdidudrAgynisedia uaﬂmﬂu wﬂw‘vﬂmu Cerebrolysin
Lﬂﬂmmwmiuaﬂmﬂﬂqu placebo Lﬂumalw,ﬂﬂ post-stroke depression
eeningne Wefinrsan secondary endpoint e MRS score naugUy
il#su Cerebrolysin $1urudesay 42.3 lsiAn disability egefifeddy
yugiinguitld¥u placebo wudaugihefesar 149 whiuiilsiin
disability eghefluddy doiu sl Cerebrolysin  52ufiy
early rehabilitation Tugfthe stroke vilsgtneiusal#isitu waznsld
Cerebrolysin Junan 21 $u Weeivsylevdunnninnmsldiies 10 Ju
lng Cerebrolysin finuuaendouazivisnuseslan Jaguu stroke
rehabilitation guideline A9 9 ﬁy’df\nﬂ‘dizmﬂ Austria, Canada Wag
Germany Alduugihnsly Cerebrolysin @MU stroke recovery 13
Wiy
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