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ABSTRACT: Ischemic stroke, producing a high mortality and morbidity rate, is a common clinical disease. 
Enhancing the prevention and control of ischemic stroke is particularly important. Baicalin and its aglycon 
baicalein are flavonoids extracted from Scutellaria baicalensis, an important traditional Chinese herb. In recent 
years, a growing body of evidences has shown that baicalin and baicalein could be effective in the treatment of 
cerebral ischemia. Pharmacokinetic studies have shown that baicalin could penetrate the blood-brain barrier 
and distribute in cerebral nuclei. Through a variety of in vitro and in vivo models of ischemic neuronal injury, 
numerous studies have demonstrated that baicalin and baicalein have salutary effect for neuroprotection. 
Especially, the studies on the pharmacological mechanism showed that baicalin and baicalein have several 
pharmacological activities, which include antioxidant, anti-apoptotic, anti-inflammatory and anti-excitotoxicity 
effects, protection of the mitochondria, promoting neuronal protective factors expression and adult neurogenesis 
effects and many more. This review focuses on the neuroprotective effects of baicalin and baicalein in ischemia 
or stroke-induced neuronal cell death. We aimed at collecting all important information regarding the 
neuroprotective effect and its pharmacological mechanism of baicalin and baicalein in various in vivo and in 
vitro experimental models of ischemic neuronal injury. 
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The geQXV ScXWellaria (Lamiaceae), cRPPRQO\ NQRZQ aV 
µSNXOOcaSV¶, iQcOXdeV abRXW 350 VSecieV [1] Zhich aUe 
ZideVSUead iQ WePSeUaWe UegiRQV aQd WURSicaO PRXQWaiQV, 
iQcOXdiQg EXURSe, NRUWh APeUica aQd EaVW AVia [2]. 
AccRUdiQg WR FORUa Rf ChiQa, WheUe aUe aOPRVW 102 
YaUieWieV Rf VcXOOcaS iQ ChiQa. ChiQeVe PhaUPacRSReia 
(2005) cRQWaiQed RQO\ RQe VSecieV, ScXWellaria baicalenViV 
Georgi (Huang-qin or Chinese skullcap), aV a geQXiQe 
ChiQeVe PedicaO PaWeUiaO iQ Hebei PURYiQce Rf ChiQa. 
ThiV SOaQW iV a SeUeQQiaO heUb ZiWh fOeVh\ URRWV, bUaQched 
VWePV, SaSeU\ OeaYeV, SXUSOe-Ued WR bOXe fORZeUV, aQd 
bOacN-bURZQ RYRid QXWOeWV. The URRW Rf WhiV SOaQW (Radi[ 
VcXWellariae) iV aQ iPSRUWaQW WUadiWiRQaO ChiQeVe PediciQe 

Zhich ZaV fiUVW UecRUded iQ SheQQRQg¶V COaVVic Rf MaWeUia 
Medica (SheQ NRQg BeQ CaR JiQg) iQ ca. 100 BC aQd haV 
beeQ ZideO\ XVed iQ ChiQa, KRUea aQd JaSaQ fRU WhRXVaQdV 
Rf \eaUV [3]. IQ addiWiRQ WR Whe geQXiQe ChiQeVe PedicaO 
PaWeUiaOV, VRPe VSecieV Rf ScXWeOOaUia aOVR haYe beeQ XVed 
aV HXaQg-TiQ iQ diffeUeQW UegiRQV. FRU iQVWaQce, 
ScXWellaria ViVcidXla Bge, ScXWellaria rehderiana DielV, 
ScXWellaria Amoena C.H. Wrigh, ScXWellaria LikiangenViV 
DielV aQd ScXWellaria h\perifolia LeYi.  

The chePicaO cRPSRXQdV Rf Whe geQXV ScXWeOOaUia 
haYe beeQ VWXdied ViQce 1889. SiQce WheQ, PRUe WhaQ 295 
cRPSRXQdV haYe beeQ iVROaWed fURP 35 VSecieV, iQ Zhich 
SheQROic cRPSRXQdV (fOaYRQRidV, SheQ\OeWhaQRid 
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According to Flora of China, there are almost 102 varieties of scullcap in China
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Chinese Pharmacopoeia (2005) contained only one species, Scutellaria baicalensis Georgi (Huang-qin or Chinese skullcap), as a genuine Chinese medical material in Hebei Province of China.
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This plant is a perennial herb with fleshy roots, branched stems, papery leaves, purple-red to blue flowers, and black-brown ovoid nutlets. The root of this plant (Radix scutellariae) is an important traditional Chinese medicine
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gO\cRVideV) aQd WeUSeQe cRPSRXQdV (iUidRid gO\cRVideV, 
diWeUSeQeV aQd WUiWeUSeQRidV) aUe Whe WZR PaiQ gURXSV Rf 
cRQVWiWXeQWV, aQd Whe SOaQWV aOVR cRQWaiQ aONaORidV, 
Sh\WRVWeUROV aQd SRO\VacchaUideV aPRQg RWheUV [4].  

BaicaOeiQ (5,6,7-WUih\dUR[\fOaYRQe) aQd baicaOiQ (V\Q. 
baicaOeiQ7-O-ȕ-D-gOXcXURQic acid) (Fig.1) [5] aUe Whe 
SUiQciSaO cRPSRQeQWV fRXQd aPRQg 30 RWheU fOaYRQRid 
deUiYaWiYeV iQ Whe URRWV Rf ScXWellaria baicalenViV Georgi. 
BaicaOiQ aQd iWV agO\cRQ baicaOeiQ haYe beeQ aWWUacWiQg 
gURZiQg iQWeUeVW fURP ShaUPaceXWicaO iQdXVWUieV becaXVe 

Rf WheiU e[ceOOeQW biRORgicaO acWiRQ. AOWhRXgh WheUe aUe 
VWUXcWXUaO ViPiOaUiWieV beWZeeQ WheVe WZR fOaYRQRidV aQd 
Whe\ caQ cRQYeUW WR each RWheU dXUiQg Whe PeWabROiVP iQ 
Whe bRd\, Whe\ Pa\ e[eUW diffeUeQW effecWV RQ PaPPaOiaQ 
ceOOV [6]. NXPeURXV VWXdieV haYe dePRQVWUaWed WhaW Whe\ 
haYe aQWi-YiUaO [7], aQWi-R[idaWiYe [8], aQWi-WXPRU [9], aQWi-
WhURPbRWic [10], aQWi-aSRSWRWic SURSeUWieV, aQd QeXURQaO 
SURWecWiRQ effecWV RQ ceUebUaO iVchePia/UeSeUfXViRQ iQMXU\ 
[11]. 

 
 

 
 
FLJXUH 1. SWUXcWXUHV RI baLcaOHLQ aQG baLcaOLQ. 
 

IVchePic VWURNe iV Whe WhiUd PRVW cRPPRQ caXVe Rf 
deaWh aQd Whe OeadiQg caXVe Rf diVabiOiW\ ZRUOdZide iQ 
adXOWV [12]. The WRUOd HeaOWh OUgaQi]aWiRQ eVWiPaWeV WhaW 
5-6 PiOOiRQ SeRSOe die fURP VWURNe ZRUOdZide each \eaU. 
IVchePic VWURNe haV WZR PaMRU SRWeQWiaO WheUaSeXWic 
VWUaWegieV: WhURPbRO\Wic WheUaS\ aQd QeXURSURWecWiYe 
WheUaS\. The cXUUeQWO\ aYaiOabOe WUeaWPeQW fRU acXWe 
iVchePic VWURNe iV Whe adPiQiVWUaWiRQ Rf Whe WhURPbRO\Wic 
ageQW, WiVVXe-SOaVPiQRgeQ acWiYaWRU. HRZeYeU, RQO\ 1±2% 
Rf SaWieQWV haYe Whe chaQce WR UeceiYe WhURPbRO\Wic 
WheUaS\ PaiQO\ dXe WR Whe VhRUW WheUaSeXWic WiPe ZiQdRZ 
[13]. TheUefRUe, iW iV aQ eVVeQWiaO WaVN WR e[SORUe QeZ 
WheUaSeXWic aSSURacheV iQ WhiV aUea. AccXPXOaWiQg 
eYideQce haV dePRQVWUaWed WhaW ceUebUaO 
iVchePia/UeSeUfXViRQ iQMXU\ aUe UeOaWed WR e[ciWRWR[iciW\, 
e[ceVViYe fRUPaWiRQ Rf UeacWiYe R[\geQ VSecieV (ROS), 
PiWRchRQdUiaO d\VfXQcWiRQ, iQfOaPPaWRU\ UeVSRQVe, 
QeXURQaO aSRSWRViV [14], aQd BORRd-bUaiQ baUUieU 

SeUPeabiOiW\ aQd VR RQ [15]. IQ WhiV UeYieZ, Ze fRcXV RQ 
Whe diVcXVViRQ Rf Whe SURWecWiYe effecWV Rf baicaOiQ aQd 
baicaOeiQ RQ ceUebUaO iVchePia.  
 
BLRSKaUPacHXWLcV aQG SKaUPacRNLQHWLcV  
 
BaVed RQ Whe caOcXOaWiRQV fURP ALOGPS (YeUViRQ 2.1), 
Whe ORg P YaOXeV Rf baicaOeiQ aQd baicaOiQ aUe 2.59 aQd 0.68. 
SROXbiOiW\ Rf BaicaOeiQ aQd baicaOiQ RbWaiQed fURP Whe 
VaPe VRfWZaUe caOcXOaWiRQ aUe 0.15 g/O aQd 1.72 g/O, 
UeVSecWiYeO\. BaicaOeiQ e[hibiW a higheU ORg P YaOXe aQd 
ORZeU VROXbiOiW\ WhaQ iWV gOXcXURQideV, Zhich iQdicaWeV WhaW 
baicaOeiQ Pa\ haYe higheU iQWeVWiQaO SeUPeabiOiW\ WhaQ 
baicaOiQ [16]. The biRShaUPaceXWicaO SURfiOeV Rf baicaOeiQ 
aQd baicaOiQ haYe beeQ iQYeVWigaWed XViQg in YiWro aQd in 
ViWX PRdeOV VXch aV UaW iQWeVWiQaO SeUfXViRQ aQd CacR-2 ceOO 
PRQROa\eU PRdeOV. IW ZaV fRXQd WhaW baicaOeiQ, UaWheU WhaQ 
baicaOiQ cRXOd SaVV WhURXgh Whe iQWeVWiQaO eSiWheOiXP 
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glycosides) and terpene compounds (iridoid glycosides, diterpenes and triterpenoids) are the two main groups of constituents, and the plants also contain alkaloids, phytosterols and polysaccharides among others
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efficieQWO\ [17]. BaicaOeiQ iV abOe WR SeUPeaWe eaViO\ 
WhURXgh Whe PRQROa\eU fURP Whe aSicaO (OXPeQ) WR Whe 
baVROaWeUaO (bORRd) Vide dXe WR iWV high OiSRShiOiciW\ aQd 
ORZ PROecXOaU ZeighW aQd OacN Rf WUaQVSRUWeUV. HRZeYeU, 
baicaOiQ e[hibiWed OiPiWed SeUPeabiOiW\ SRVVibO\ dXe WR iWV 
UeOaWiYeO\ high h\dURShiOiciW\ aQd OaUgeU PROecXOaU ZeighW. 
UViQg in ViWX MeMXQaO ORRS WechQiTXe aQd in YiWro MeMXQaO 
eYeUWed Vac e[SeUiPeQWV, iW ZaV fRXQd WhaW baicaOeiQ ZaV 
e[WeQViYeO\ PeWabROi]ed iQWR baicaOiQ iQ iQWeVWiQaO 
PXcRVaO ceOOV aQd baicaOiQ ZaV e[cUeWed iQWR iQWeVWiQaO 
OXPeQ b\ PXOWidUXg UeViVWaQce aVVRciaWe SURWeiQ 2 (MRP2) 
[18].  
 
AbVRUSWiRQ  
 
IQ ViWX SeUfXViRQ e[SeUiPeQWV ZeUe SeUfRUPed iQ UaWV ZiWh 
aQd ZiWhRXW Whe OigaWiRQ Rf Whe biOe dXcW. The UeVXOWV 
VhRZed WhaW baicaOiQ ZaV PRdeUaWeO\ abVRUbed iQ Whe 
VWRPach, bXW SRRUO\ abVRUbed fURP Whe VPaOO iQWeVWiQe aQd 
cRORQic UegiRQV. HRZeYeU, baicaOeiQ ZaV ZeOO abVRUbed 
fURP Whe VWRPach aQd VPaOO iQWeVWiQe, bXW abVRUSWiRQ ZaV 
VRPeZhaW OiPiWed fURP Whe cRORQ. The XVe Rf biOe dXcW 
OigaWiRQ heOSed WR cOaUif\ Whe UROe Rf biOiaU\ e[cUeWiRQ Rf 
baicaOiQ aQd Whe iPSRUWaQce Rf Whe WZR ageQWV WR NeeS a 
baOaQce Rf Whe V\VWePic OeYeOV Rf bRWh baicaOiQ aQd 
baicaOeiQ. IW ZaV cRQcOXded WhaW baicaOeiQ ZaV Whe PRUe 
SUefeUUed VSecieV fRU RUaO abVRUSWiRQ dXe WR Whe bRd\ 
d\QaPicV Rf a PRUe cRPSOeWe abVRUSWiRQ Rf baicaOeiQ aQd 
UeVWRUaWiRQ Rf baicaOiQ iQ Whe V\VWePic ciUcXOaWiRQ b\ 
cRQMXgaWiYe UeacWiRQV Rf baicaOeiQ. The ciUcXOaWiQg 
baicaOiQ ZRXOd be e[SecWed WR Ue-eQWeU Whe gaVWURiQWeVWiQaO 
WUacW Yia Whe biOiaU\ e[cUeWiRQ PechaQiVP [19]. AQRWheU 
VWXd\ aOVR VhRZed WhaW baicaOiQ iWVeOf caQQRW be abVRUbed 
diUecWO\ acURVV Whe iQWeVWiQe aQd ZaV fiUVWO\ h\dURO\]ed 
iQWR baicaOeiQ b\ iQWeVWiQaO bacWeUia [20]. The eQ]\PeV iQ 
gaVWURiQWeVWiQaO (GI) WUacW VXch aV beWa-gO\cRVidaVe RU 
OacWaVe ShORUi]iQ h\dUROaVe (LPH) aOVR caQ h\dURO\]e 
baicaOiQ [21].  
 
DiVWUibXWiRQ  
 
EQWeURheSaWic UeciUcXOaWiRQ Rf Whe baicaOiQ cRQMXgaWeV Pa\ 
be aQ iPSRUWaQW diVWUibXWiRQ SheQRPeQRQ fRU baicaOiQ, 
Zhich haV beeQ cRQfiUPed b\ Whe PXOWi-SeaN SheQRPeQRQ 
Rf Whe SOaVPa cRQceQWUaWiRQ-WiPe cXUYe afWeU bRWh RUaO aQd 
iQWUaYeQRXV URXWeV Rf dRViQg iQ UaWV [22]. The VSecific 
diVWUibXWiRQV Rf baicaOiQ WR WiVVXeV/RUgaQV haYe QRW beeQ 
UeSRUWed, iW VeePV WhaW baicaOiQ iV diVWUibXWed WR PaQ\ 
WiVVXeV/RUgaQV iQ Whe bRd\. The in YiWro SURWeiQ biQdiQg Rf 
baicaOiQ haV beeQ VWXdied iQ hXPaQ SOaVPa aQd ZaV fRXQd 
WR UaQge fURP 86% WR 92%, VXggeVWiQg WhaW iW iV QR 
SURbOeP fRU baicaOiQ UeOeaViQg fURP SOaVPa SURWeiQ 
biQdiQg [23]. AQ iQ YiYR PicURdiaO\ViV VaPSOiQg PeWhRd 
cRXSOed ZiWh XOWUa-SeUfRUPaQce OiTXid chURPaWRgUaSh\-

WaQdeP PaVV VSecWURPeWU\ (UPLC-MS/MS) ZaV 
ePSOR\ed fRU cRQWiQXRXV ViPXOWaQeRXV PRQiWRUiQg Rf 
XQbRXQd baicaOiQ iQ UaW bORRd aQd bUaiQ. MicURdiaO\ViV 
SURbeV ZeUe iQVeUWed iQWR Whe MXgXOaU YeiQ aQd bUaiQ 
ceUebURVSiQaO fOXid Rf SSUagXe-DaZOe\ UaWV, fROORZiQg 
adPiQiVWUaWiRQ Rf baicaOiQ aW dRVeV Rf 24Pg/Ng Yia Whe 
caXdaO YeiQ, VaPSOeV ZeUe cROOecWed eYeU\ 20PiQ aQd 
iQMecWed diUecWO\ iQWR Whe UPLC-MS/MS V\VWeP. The 
WiPe±cRQceQWUaWiRQ cXUYeV Rf baicaOiQ iQ UaW bORRd aQd 
bUaiQ ZeUe RbWaiQed. IW ZaV cRQcOXded WhaW baicaOiQ caQ 
cURVV Whe BBB aQd diVWUibXWe iQWR Whe CSF TXicNO\ aQd 
Ueach iWV SeaN cRQceQWUaWiRQ Rf 344 g/O abRXW 30 PiQ afWeU 
Whe i.Y. adPiQiVWUaWiRQ Rf 24 Pg/Ng [24]. ZhaQg eW aO. 
iQYeVWigaWed Whe ShaUPacRNiQeWic SURceVV Rf baicaOiQ iQ 
QRUPaO UaW bORRd aQd ceUebUaO QXcOei iQcOXdiQg cRUWe[, 
hiSSRcaPSXV, VWUiaWXP, WhaOaPXV aQd bUaiQ VWeP ZiWh a 
QeZO\ eVWabOiVhed UeYeUVe-ShaVe HPLC PeWhRd afWeU 
iQWUaYeQRXV adPiQiVWUaWiRQ Rf baicaOiQ-eQUiched 
ScXWeOOaUiae Radi[ e[WUacW. The UeVXOWV iQdicaWed WhaW Whe 
diVWUibXWiRQ Rf baicaOiQ iQWR bUaiQ ZaV a VXbVeTXeQW 
SURceVV aQd baicaOiQ WeQdV WR accXPXOaWe iQ Whe VWUiaWXP, 
WhaOaPXV aQd hiSSRcaPSXV ZiWh Whe e[hibiWiRQ Rf OaUge 
aUea XQdeU Whe cRQceQWUaWiRQ±WiPe cXUYe aQd PeaQ 
UeVideQce WiPe YaOXeV [25]. TheVe eYideQceV VXSSRUW Whe 
WheUaSeXWic effecWV Rf baicaOiQ RQ Whe ceQWUaO QeUYRXV 
V\VWeP.  
 
MeWabROiVP  
 
The PaMRU URXWe Rf PeWabROiVP fRU baicaOeiQ iQ SOaVPa aQd 
XUiQe iV cRQMXgaWed PeWabROiVP. A VWXd\ VhRZed WhaW Whe 
iQWacW OeYeOV Rf baicaOeiQ iQ SOaVPa ZeUe QegOigibOe 
fROORZiQg RUaO dRViQg Rf baicaOeiQ; hRZeYeU, Whe 
cRQMXgaWeV Rf baicaOeiQ ZiWh gOXcXURQideV aQd VXOfaWe 
aSSeaUed iQ Whe SOaVPa. FROORZiQg iQWUaYeQRXV dRViQg Rf 
baicaOeiQ, abRXW 76% Rf Whe baicaOeiQ ZaV cRQYeUWed iQWR 
Whe cRQMXgaWed fRUPV. OQ Whe RWheU haQd, ZheQ baicaOiQ 
ZaV RUaOO\ adPiQiVWeUed, Whe iQWacW baicaOiQ aQd 
gOXcXURQide aQd VXOfaWe cRQMXgaWeV Rf baicaOeiQ ZeUe 
RbVeUYed iQ Whe VeUXP [26]. IW ZaV RbVeUYed WhaW baicaOiQ 
ZaV VXbMecWed WR e[WeQViYe PeWabROiVP, Yia cRQMXgaWiYe 
UeacWiRQV, iQ bRWh iOeXP aQd MeMXQXP UegiRQV Rf Whe UaWV. A 
higheU ORadiQg dRVe Rf baicaOiQ cRXOd caXVe VaWXUaWiRQ iQ 
Whe PeWabROiVP WhaW iV aQ eYideQce Rf baicaOiQ XQdeUgRiQg 
fiUVW-SaVV PeWabROiVP [27].   
 
E[cUeWiRQ  
 
The e[cUeWiRQ Rf baicaOiQ ZeUe iQYeVWigaWed iQ a PXOWi-
dUXg UeViVWaQce aVVRciaWed SURWeiQ 2-deficieQW (MUS2-
deficieQW) aQd QRUPaO UaWV. The SeaN cRQceQWUaWiRQ aQd 
aUea XQdeU Whe cXUYe (AUC) YaOXe fRU baicaOiQ iQ MUS2-
deficieQW UaWV ZeUe fiYe-fROd aQd eighW-fROd higheU WhaQ Whe 
UeOaWiYe YaOXeV iQ QRUPaO UaWV afWeU RUaO adPiQiVWUaWiRQ Rf 

Georges MOUTON
Absorption

Georges MOUTON
Metabolism

Georges MOUTON
Distribution

Georges MOUTON
Excretion



Liang W., et al                                                                                                    Effects of baicalin on cerebral ischemia 

Aging and Disease • Volume 8, Number 6, December 2017                                                                            853 
 

baicaOeiQ. The biOiaU\ e[cUeWiRQ aQd V\VWePic e[SRVXUe fRU 
baicaOiQ iQ MUS2-deficieQW UaWV VhRZed a fRXU-fROd 
UedXcWiRQ aQd 30-fROd eOeYaWiRQ cRPSaUed ZiWh QRUPaO 
UaWV afWeU adPiQiVWUaWiRQ Rf baicaOeiQ. ThiV ZRUN 
cRQfiUPed Whe biOiaU\ e[cUeWRU\ SaWhZa\ aQd ViQXVRidaO 
effOX[ PechaQiVP fRU baicaOiQ [28]. LiX eW aO. aOVR 
cRQfiUPed WhaW Whe gOXcXURQide aQd VXOfaWe cRQMXgaWeV Rf 
baicaOiQ ZeUe e[cUeWed iQWR VPaOO iQWeVWiQe fURP biOiaU\ 
SaWhZa\ [29]. BaicaOeiQ gOXcXURQide aQd VXOfaWe 
cRQMXgaWeV aOVR cRXOd be e[cUeWed fURP UeQaO, fRU e[aPSOe, 
a VWXd\ VhRZed WhaW XS WR 7.2% Rf Whe adPiQiVWeUed dRVe 
Rf ScXWeOOaUiae Uadi[ iQ hXPaQV aSSeaUed iQ XUiQe. 
TheUefRUe, Whe UeQaO URXWe Pa\ be a PiQRU SaWhZa\ fRU Whe 
e[cUeWiRQ Rf cRQMXgaWeV Rf baicaOeiQ [26].  

SRPe VWXdied VhRZed baicaOeiQ eQWeUV Whe 
bORRdVWUeaP iQ Whe fRUP Rf gOXcXURQide RU VXOfaWe 
cRQMXgaWeV aQd haYe YeU\ ORZ RUaO biRaYaiOabiOiWieV [30]. 
The SeUPeabiOiW\ cRefficieQW Rf baicaOeiQ ZaV high iQ Whe 
CacR-2 ceOO PRdeO aQd iQ Whe UaW iQ ViWX iQWeVWiQaO SeUfXViRQ 
PRdeO, VXggeVWiQg a gRRd iQWeVWiQaO SeUPeabiOiW\. BXW 
baicaOeiQ aOVR XQdeUZeQW faVW aQd e[WeQViYe PeWabROiVP 
afWeU eiWheU iWV S.R. RU i.Y. adPiQiVWUaWiRQ. AV a UeVXOW, Whe 
biRaYaiOabiOiW\ Rf baicaOeiQ ZaV TXiWe ORZ [22].  

A VWXd\ iQYeVWigaWed Whe ShaUPacRNiQeWic effecWV Rf 
baicaOiQ RQ ceUebUaO iVchePia-UeSeUfXViRQ (I/R) afWeU iWV 
adPiQiVWUaWiRQ iQ UaWV. IQ WhiV e[SeUiPeQW, Whe ceUebUaO I/R 
UaWV ZeUe iQdXced b\ RccOXdiQg Whe biOaWeUaO caURWid 
aUWeUieV Rf QRUPaO UaWV fRU 2 h, fROORZed b\ UeSeUfXViRQ. 
The PRdeO aQiPaOV ZeUe iPPediaWeO\ adPiQiVWUaWed ZiWh 
baicaOiQ (90 Pg/Ng). AV cRQWURO, Whe VaPe dRVe Rf baicaOiQ 
ZaV iQMecWed WR Whe QRUPaO UaWV. POaVPa VaPSOeV ZeUe 
cROOecWed aW diffeUeQW WiPeV WR cRQVWUXcW ShaUPacRNiQeWic 
SURfiOeV. IQ QRUPaO UaWV, Whe PaMRU SaUaPeWeUV Rf 
diVWUibXWiRQ haOf-Oife, eOiPiQaWiRQ haOf-Oife, aUea XQdeU Whe 
SOaVPa cRQceQWUaWiRQ-WiPe (AUC), aSSaUeQW YROXPe Rf 
diVWUibXWiRQ (Vd), aQd cOeaUaQce (CL), eVWiPaWed b\ aQ 
RSeQ WZR-cRPSaUWPeQWaO PRdeO, ZeUe 0.8868 PiQ, 
26.0968 PiQ, 149.6204 Pg/PiQāL, 4.765 L/Ng, aQd 
0.5776 L/ NgāPiQ, UeVSecWiYeO\. HRZeYeU, iQ I/R UaWV, Whe 
cRUUeVSRQdiQg SaUaPeWeUV ZeUe 2.084 PiQ, 34.4998 PiQ, 
260.0188 ȝgāPiQ/L, 5.9376 L/Ng, aQd 0.334 L/(NgāPiQ), 
UeVSecWiYeO\. The ceUebUaO I/R cRXOd VigQificaQWO\ iQcUeaVe 
AUC aQd Vd YaOXeV, decUeaVe CL YaOXeV, aQd SURORQg Whe 
WeUPiQaO haOf-Oife Rf baicaOiQ [31].  

A VeQViWiYe aQd VSecific HPLC PeWhRd ZaV deYeORSed 
WR aQaO\]e baicaOiQ iQ UaW SOaVPa. ZeQg eW aO. cRPSaUed Whe 
ShaUPacRNiQeWicV Rf baicaOiQ afWeU RUaO adPiQiVWUaWiRQ Rf 
SXUe baicaOiQ aQd HXaQg-LiaQ-Jie-DX-TaQg (HLJDT) 
decRcWiRQ, Zhich haV beeQ XVed iQ Whe WheUaS\ Rf 
ceUebURYaVcXOaU diVeaVe iQ ChiQa aQd RWheU AViaQ 
cRXQWUieV iQ Whe cOiQicaO SUacWice. AOO Whe UaWV ZeUe diYided 
iQWR WZR gURXSV, MCAO aQd VhaP-RSeUaWed UaWV. Each 
gURXS cRQWaiQed WZR VXbgURXSV: HLJDT decRcWiRQ (10.00 
g/Ng decRcWiRQ e[WUacW, cRQWaiQiQg baicaOiQ 400.00 Pg/Ng) 

aQd SXUe baicaOiQ VXbgURXS (400.00 Pg/Ng) UeceiYiQg Whe 
gaYageV aW a dRVage accRUdiQg WR bRd\ ZeighW. The UeVXOWV 
iQdicaWed WhaW Whe ShaUPacRNiQeWicV Rf baicaOiQ iQ UaW 
SOaVPa ZaV QRQ-OiQeaU aQd QR PaWWeU iQ MCAO RU VhaP-
RSeUaWed UaWV, SXUe baicaOiQ had VhRZQ beWWeU abVRUSWiRQ 
WhaQ HLJDT decRcWiRQ. The MCAO UaWV VhRZed beWWeU, 
TXicNeU abVRUSWiRQ Rf baicaOiQ WhaQ VhaP-RSeUaWed UaWV fRU 
bRWh Rf SXUe baicaOiQ aQd HLJDT decRcWiRQ. ThiV VWXd\ 
cRQcOXded WhaW iQ Whe SaWhRORgic cRQdiWiRQ, baicaOiQ had a 
beWWeU abVRUSWiRQ effecW, aQd iW SURYeV Whe UaWiRQaOiW\ Rf 
XViQg iW iQ ceUebURYaVcXOaU diVeaVe, Zhich ZRXOd iPSURYe 
Whe WheUaSeXWic efficac\ [32].  

The WUaQVfeUUiQ UeceSWRUV ZeUe VWURQgO\ e[SUeVVed RQ 
Whe aSicaO Vide Rf Whe bORRd±bUaiQ baUUieU aQd Whe VROid 
OiSid QaQRSaUWicOeV PRdified b\ OX26 (aQWi-WUaQVfeUUiQ 
UeceSWRU aQWibRd\) cRXOd eQhaQce dUXg SeQeWUaWiRQ acURVV 
Whe BBB. The ShaUPacRNiQeWic VWXd\ RQ baicaOiQ-ORaded 
PEG\OaWed caWiRQic VROid OiSid QaQRSaUWicOeV PRdified b\ 
OX26 aQWibRd\ (OX26-PEG-CSLN) ZaV caUUied RXW iQ a 
MCAO UaW PRdeO. The UeVXOWV VhRZed Whe AUC YaOXe Rf 
OX26-PEG-CSLN ZaV 5.69-fROd higheU WhaQ WhaW Rf Whe 
baicaOiQ VROXWiRQ (P < 0.05) aQd Whe CPa[ YaOXe Rf OX26-
PEG-CSLN ZaV 6.84-fROd higheU WhaQ WhaW Rf Whe baicaOiQ 
VROXWiRQ (P < 0.05). TheUefRUe, OX26-PEG-CSLN cRXOd 
iPSURYe XSWaNe Rf baicaOiQ acURVV Whe BBB iQWR Whe bUaiQ, 
aQd eOeYaWed biRaYaiOabiOiW\ Rf baicaOiQ iQ ceUebUaO VSiQaO 
fOXid Rf UaWV XQdeU Whe ceUebUaO iVchePia-UeSeUfXViRQ 
iQMXU\ [33].   
 
DUXJ-GUXJ LQWHUacWLRQ 
 
A cOiQicaO iQYeVWigaWiRQ WR eYaOXaWe Whe iQdXcWiRQ Rf 
c\WRchURPe P450 (CYP) 2B6 caXVed b\ baicaOiQ haV beeQ 
caUUied RXW. AOO VXbMecWV ZeUe aOVR geQRW\Sed fRU Whe 
YaUiRXV aOOeOeV Rf CYP2B6. The UeVXOWV VhRZed WhaW daiO\ 
adPiQiVWUaWiRQ Rf baicaOiQ cRXOd VigQificaQWO\ iQdXce Whe 
e[SUeVViRQ Rf c\WRchURPe P450 (CYP) 2B6 aQd Whe 
iQdXcWiRQ Rf CYP2B6 aOWeUed Whe biRaYaiOabiOiW\ aW a SUe-
V\VWePic OeYeO. ThXV, Whe ORQg-WeUP cR-adPiQiVWUaWiRQ Rf 
baicaOiQ ZiWh RWheU CYP2B6 VXbVWUaWeV Qeed WR be cORVeO\ 
PRQiWRUed [34]. JaQg eW aO. fRXQd WhaW baicaOiQ cRXOd 
iQhibiW CYP2E1 e[SUeVViRQ iQ OiYeU. ThiV fiQdiQg VXggeVWV 
WhaW baicaOiQ Pa\ iQfOXeQce Whe PeWabROiVP Rf VeYeUaO 
dUXgV Zhich aUe deSeQdeQW RQ CYP2E1 iVR]\Pe, VXch aV 
chORU]R[a]RQe [35]. The effecWV Rf aQWibiRWicV RQ Whe 
abVRUSWiRQ Rf baicaOiQ aQd baicaOeiQ ZeUe iQYeVWigaWed iQ 
UaWV. The UeVXOWV fRXQd WhaW fROORZiQg WUeaWPeQW ZiWh 
aPiQRgO\cRVide, Whe abVROXWe biRaYaiOabiOiW\ Rf baicaOiQ 
ZaV UedXced b\ QeaUO\ 40±45% aV cRPSaUed ZiWh Whe 
XQWUeaWed UaWV. HRZeYeU, aPiQRgO\cRVide SUe-WUeaWPeQW 
did QRW aOWeU Whe abVRUSWiRQ Rf baicaOeiQ [36]. OWheU VWXdieV 
aOVR VhRZed WhaW baicaOiQ aQd/RU baicaOeiQ cRXOd iQWeUacWed 
ZiWh WUaQVSRUWeU-UeOaWed dUXgV, VXch aV URVXYaVWaWiQ, SN-
38 (7-eWh\O-10-h\dUR[\caPSWRWheciQ) aQd RWheU dUXgV 
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iQcOXdiQg c\cORVSRUiQe A, TXiQidiQe, aQd SKF-525A [37].  
 
IVchePia/UeSeUfXViRQ iQjXU\ ceOO PRdeOV 
 
A VWXd\ VhRZed WhaW baicaOeiQ cRXOd VigQificaQWO\ SURPRWe 
PRXVe hiSSRcaPSaO HT22 ceOO VXUYiYaO ZiWh aQ eVWiPaWed 
dRVe Rf 2 ȝM fRU 50% ceOO VXUYiYaO fROORZiQg iQcXbaWiRQ 
iQ Whe SUeVeQce Rf iRdRaceWic acid (20 ȝM), aQ iUUeYeUVibOe 
iQhibiWRU Rf Whe gO\cRO\Wic SaWhZa\ WhaW caXVeV Whe fUee 
UadicaO SURdXcWiRQ, OiSid SeUR[idaWiRQ aQd ceOO deaWh [38]. 
IQ aQRWheU in YiWro VWXd\, R[\geQ aQd gOXcRVe deSUiYaWiRQ 
(OGD) ZaV XVed WR PiPic iVchePic iQVXOW iQ SUiPaU\ 
cXOWXUed cRUWicaO QeXURQV. IQ WhiV VWXd\, baicaOeiQ ZaV 
UeSRUWed fRU Whe fiUVW WiPe WR SURWecW cRUWicaO QeXURQaO ceOOV 
fURP OGD [39]. The SURWecWiYe effecW Rf baicaOiQ aQd iWV 
WhUee aQaORgV RQ QeXURQaO ceOO PC12 fROORZiQg R[\geQ-
gOXcRVe deSUiYaWiRQ (OGD) ZeUe iQYeVWigaWed, aQd iW ZaV 
fRXQd WhaW baicaOiQ aQd iWV WhUee aQaORgV did SURWecW 
QeXURQV fURP OGD daPage [40]. IQ hiSSRcaPSaO QeXURQV 
aQd SH-SY5Y ceOOV OGD PRdeOV, baicaOiQ aOVR VhRZed 
QeXURQaO SURWecWiYe effecWV [41].  
 
IVcKHPLa/UHSHUIXVLRQ LQMXU\ LQ aQLPaO PRGHOV 
 
UViQg a UabbiW VPaOO cORW ePbROic VWURNe PRdeO (RSCEM), 
Whe effecWV Rf baicaOeiQ RQ aQiPaO PRdeO¶V behaYiRUaO 
deficiWV aVVRciaWed ZiWh PXOWiSOe iQfaUcW iVchePic eYeQWV 
ZeUe VWXdied. BaicaOeiQ (100 Pg/Ng, V.c.) iQMecWed 5 PiQ 
aQd 60 PiQ SRVW-ePbROi]aWiRQ VigQificaQWO\ (P<0.05) 
iPSURYed behaYiRUaO fXQcWiRQ [38]. The effecWV Rf 
baicaOeiQ RQ cRgQiWiYe aQd PRWRU abiOiW\ iPSaiUed b\ 
chURQic ceUebUaO h\SR-SeUfXViRQ iQ UaWV ZeUe iQYeVWigaWed. 
RaWV VXbMecWed WR SeUPaQeQW biOaWeUaO cRPPRQ caURWid 
aUWeU\ RccOXViRQ e[SeUieQced cRgQiWiYe deficiWV. ReVXOWV 
VhRZed WhaW baicaOeiQ cRXOd aOOeYiaWe cRgQiWiYe aQd PRWRU 
iPSaiUPeQWV iQ WhiV aQiPaO PRdeO [42].  

CXi eW aO. iQYeVWigaWed Whe SRWeQWiaO QeXURSURWecWiYe 
effecWV Rf baicaOeiQ RQ PaOe, SSUagXe±DaZOe\ UaWV 
VXbMecWed WR SeUPaQeQW PiddOe ceUebUaO aUWeU\ RccOXViRQ 
(MCAO). BaicaOeiQ ZaV adPiQiVWeUed iQWUaYeQRXVO\ 
iPPediaWeO\ afWeU ceUebUaO iVchePia. AW 24 h afWeU MCAO 
QeXURORgicaO deficiW, bUaiQ ZaWeU cRQWeQW aQd iQfaUcW Vi]eV 
ZeUe PeaVXUed. The UeVXOWV VhRZed WhaW baicaOeiQ 
iPSURYed QeXURORgicaO deficiW, UedXced bUaiQ ZaWeU 
cRQWeQW aQd iQfaUcW Vi]eV [43]. IQ aQRWheU VWXd\, eiWheU 
SeUPaQeQW RU WUaQVieQW (2 h) PiddOe ceUebUaO aUWeU\ 
RccOXViRQ (MCAO) ZaV iQdXced iQ UaWV. The UeVXOWV 
VhRZed WhaW SeUPaQeQW MCAO Oed WR OaUgeU iQfaUcW 
YROXPeV iQ cRQWUaVW WR WUaQVieQW MCAO aQd RQO\ iQ 
WUaQVieQW MCAO, baicaOeiQ adPiQiVWUaWiRQ VigQificaQWO\ 
UedXced iQfaUcW Vi]e [39]. TX eW aO. aQd XXe eW aO. 
iQYeVWigaWed Whe effecWV Rf baicaOiQ RQ Whe VaPe MCAO UaW 
PRdeO. TZeQW\-fRXU hRXUV afWeU UeSeUfXViRQ, Whe 
QeXURORgicaO deficiW ZaV VcRUed aQd Whe ceUebUaO iQfaUcW 

aUea aQd iQfaUcW YROXPe ZeUe PeaVXUed. HePaWR[\OiQ aQd 
eRViQ (HE) VWaiQiQg ZaV SeUfRUPed WR aQaO\]e Whe 
hiVWRSaWhRORgicaO chaQgeV Rf cRUWe[ aQd hiSSRcaPSXV 
QeXURQV. TheVe VWXdieV fRXQd WhaW baicaOiQ UedXced Whe 
QeXURORgicaO deficiW VcRUeV, ceUebUaO iQfaUcW aUea aQd 
iQfaUcW YROXPe [44, 45].  

CaR eW aO. eYaOXaWed Whe QeXURSURWecWiYe effecWV Rf 
baicaOiQ iQ geUbiOV VXbMecWed WR WUaQVieQW gORbaO ceUebUaO 
iVchePic±UeSeUfXViRQ iQMXU\. IQ WhiV VWXd\, baicaOiQ aW 
dRVeV Rf 50, 100 aQd 200 Pg/Ng ZaV iQWUaSeUiWRQeaOO\ 
iQMecWed iQWR Whe geUbiOV iPPediaWeO\ afWeU ceUebUaO 
iVchePia. SeYeQ da\V afWeU UeSeUfXViRQ, H&E VWaiQiQg ZaV 
SeUfRUPed WR aQaO\]e Whe CA1 S\UaPidaO daPage iQ 
hiSSRcaPSXV. HiVWRSaWhRORgicaO e[aPiQaWiRQ VhRZed WhaW 
Whe adPiQiVWUaWiRQ Rf baicaOiQ (100 aQd 200 Pg/Ng) 
VigQificaQWO\ aWWeQXaWed iVchePia-iQdXced QeXURQaO ceOO 
daPage [46].  

CheQg eW aO. iQYeVWed Whe effecWV Rf baicaOiQ RQ Whe 
VSaWiaO OeaUQiQg abiOiW\ Rf gORbaO iVchePia/UeSeUfXViRQ UaWV. 
SSUagXe DaZOe\ UaWV ZeUe diYided iQWR WhUee gURXSV 
iQcOXdiQg VhaP gURXS; gORbaO ceUebUaO 
iVchePia/UeSeUfXViRQ gURXS; aQd gORbaO ceUebUaO 
iVchePia/UeSeUfXViRQ baicaOiQ WUeaWPeQW gURXS. A MRUUiV 
ZaWeU Pa]e WeVW ZaV XVed WR aVVeVV OeaUQiQg aQd PePRU\, 
H&E VWaiQiQg ZaV cRQdXcWed fRU SaWhRPRUShRORg\. The 
UeVXOWV VhRZed WhaW baicaOiQ iPSURYed Whe OeaUQiQg aQd 
PePRU\ Rf gORbaO ceUebUaO iVchePia/UeSeUfXViRQ UaWV [47]. 
WaQg eW aO. aOVR iQYeVWed Whe effecWV Rf baicaOiQ RQ OeaUQiQg 
aQd PePRU\ iPSaiUPeQW afWeU gORbaO ceUebUaO 
iVchePia/UeSeUfXViRQ iQ geUbiO. IQ WhiV VWXd\, Whe MRUUiV 
ZaWeU Pa]e WeVW VhRZed WhaW baicaOiQ VigQificaQWO\ 
iPSURYed OeaUQiQg aQd PePRU\ iPSaiUPeQW [41].  

IW iV YeU\ iPSRUWaQW WR haYe a ceUWaiQ WiPe ZiQdRZ fRU 
SURSRVaO PediciQe iQ VWURNe SaWieQWV. CheQg eW aO. 
iQYeVWigaWed Whe effecWV Rf baicaOiQ RQ aQ iVchePia-
UeSeUfXViRQ-iQdXced bUaiQ iQMXU\ PRdeO iQ UaWV Yia PiddOe 
ceUebUaO aUWeU\ RccOXViRQ (MCAO). BaicaOiQ ZaV iQMecWed 
aW diffeUeQW WiPe SRiQWV (0, 2, 4, aQd 6 h) afWeU Whe MCAO 
ZaV aSSOied. The UeVXOWV fRXQd WhaW baicaOiQ caQ 
VigQificaQWO\ decUeaVe bUaiQ iQfaUcWiRQ aQd iPSURYe 
QeXURORgicaO fXQcWiRQ ZiWhiQ a WiPe ZiQdRZ Rf 4 h, Zhich 
iQdicaWeV a SURPiViQg cOiQicaO XVe [48].  

VaVcXOaU dePeQWia (VD), Zhich iV chaUacWeUi]ed b\ 
SURgUeVViYe iQWeOOecWXaO decOiQe SURdXced b\ iVchePia 
h\SR[ia RU hePRUUhage bUaiQ OeViRQ. BUaiQ h\SR-
SeUfXViRQ iV beOieYed WR be a cUiWicaO facWRU RQ Whe 
RccXUUeQce Rf VD. PeUPaQeQW RccOXViRQ Rf Whe biOaWeUaO 
cRPPRQ caURWid aUWeUieV (2VO) iQdXced a VWaWe Rf chURQic 
aQd PRdeUaWe iVchePia aVVRciaWed ZiWh cRgQiWiYe 
aOWeUaWiRQV aQd QeXURQaO degeQeUaWiRQ iQ UaWV, aQd WhiV 
aQiPaO PRdeO aOORZed VcieQWiVWV WR XQdeUVWaQd 
SaWhRSh\ViRORg\ Rf chURQic ceUebURYaVcXOaU diVRUdeUV. IW 
ZaV fRXQd WhaW baicaOeiQ (2 RU 4 Pg/Ng/da\, i.S.) 
VigQificaQWO\ iPSURYed 2VO-iQdXced cRgQiWiYe deficiWV 
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aQd QeXURSaWhRORgicaO chaQgeV. BiRchePicaO aQd 
hiVWRORgicaO e[aPiQaWiRQV UeYeaOed WhaW baicaOeiQ UedXced 
Whe iQcUeaVed acWiYiWieV Rf VXSeUR[ide diVPXWaVe (SOD) 
aQd PaORQdiaOdeh\de (MDA), aQd aWWeQXaWed Whe 
decUeaVed acWiYiWieV Rf gOXWaWhiRQe SeUR[idaVe (GP[) aQd 
caWaOaVe iQ 2VO UaWV [49].  
 
O[LGaWLYH VWUHVV 
 
UQdeU QRUPaO Sh\ViRORgicaO cRQdiWiRQ, aSSURSUiaWe 
aPRXQWV Rf UeacWiYe R[\geQ VSecieV (ROS) SOa\ a cUXciaO 
UROe dXUiQg VRPe iPSRUWaQW Sh\ViRORgicaO SURceVVeV, aQd 
iW caQ be TXicNO\ cOeaQed b\ VRPe aQWiR[idaQW eQ]\PeV 
VXch aV VXSeUR[ide diVPXWaVe (SOD), gOXWaWhiRQe 
SeUR[idaVe (GSH-PX) aQd aQWiR[idaQWV, VXch aV 
gOXWaWhiRQe (GSH). OQ Whe RWheU haQd, e[ceVV Rf ROS 
geQeUaWed dXUiQg gORbaO iVchePia haV beeQ UegaUded aV aQ 
iPSRUWaQW facWRU OeadiQg WR Whe deOa\ed QeXURQaO ceOO deaWh. 
SRPe UadicaO VcaYeQgeUV aQd aQWiR[idaQWV haYe beeQ 
VhRZQ WR be effecWiYe iQ iVchePic VWURNe WheUaS\ [50]. CaR 
eW aO. e[aPiQed Whe effecWV Rf baicaOiQ RQ aQWi-R[idaWiYe 
eQ]\PeV, VXch aV SOD, GSH-PX, QRQ-eQ]\PaWic 
VcaYeQgeU gOXWaWhiRQe aQd Whe cRQWeQW Rf PaORQdiaOdeh\de 
(MDA) iQ hiSSRcaPSXV fRU a WUaQVieQW gORbaO ceUebUaO 
iVchePic±UeSeUfXViRQ iQMXU\ iQ geUbiOV aQd fRXQd WhaW 
MDA OeYeO ZaV VigQificaQWO\ UedXced aQd Whe acWiYiWieV Rf 
SOD aQd GSH aV ZeOO aV GSH-PX ZeUe RbYiRXVO\ 
eOeYaWed iQ baicaOiQ-WUeaWed gURXSV. ThiV fiQdiQg iQdicaWed 
WhaW Whe QeXURSURWecWiRQ acWiRQ Rf baicaOiQ agaiQVW 
iVchePia/UeSeUfXViRQ iQMXU\ ZaV UeOaWed WR iWV aQWiR[idaQW 
SURSeUW\ [46].  

CheQg eW aO. aOVR iQYeVWigaWed Whe effecWV Rf baicaOiQ 
RQ ROS geQeUaWiRQ, MDA cRQWeQW, SOD acWiYiW\, aQd 
NADPH R[idaVe acWiYiW\ iQ MCAO PRXVe bUaiQ WiVVXe. 
TheiU UeVXOWV VhRZed WhaW baicaOiQ VigQificaQWO\ UedXced 
ROS SURdXcWiRQ aQd decUeaVed MDA cRQceQWUaWiRQ iQ Whe 
PRXVe PRdeO bUaiQV. FXUWheUPRUe, WhiV gURXS aOVR 
iQYeVWigaWed Whe effecW Rf baicaOiQ RQ a H2O2-iQdXced 
SUiPaU\ QeXURQaO iQMXU\ in YiWro PRdeO aQd fRXQd WhaW 
WUeaWPeQW ZiWh baicaOiQ VigQificaQWO\ iQcUeaVed Whe ceOO 
YiabiOiW\, UedXced Whe LDH OeaNage, aQd eQhaQced Whe 
SOD acWiYiW\. The diUecW effecWV Rf baicaOiQ RQ Whe 
VcaYeQgiQg acWiYiWieV Rf h\dUR[\O UadicaOV, VXSeUR[ide 
aQiRQV, aQd DPPH UadicaOV aQd Whe iQhibiWiRQ Rf [aQWhiQe 
R[idaVe aOVR haYe beeQ iQYeVWigaWed aQd Whe UeVXOWV 
VhRZed WhaW baicaOiQ dePRQVWUaWed beQeficiaO effecWV RQ 
bRWh diUecW fUee UadicaO VcaYeQgiQg acWiYiWieV aQd Whe 
iQhibiWiRQ Rf [aQWhiQe R[idaVe [48]. 

12/15-OiSR[\geQaVe (12/15-LOX) iV UeOaWed WR bUaiQ 
WiVVXe daPage VXbMecWed WR R[idaWiYe VWUeVV. NeXURQaO 12-
LOX OeadV WR Whe iQfOX[ Rf Ca2+, Whe SURdXcWiRQ Rf 
SeUR[ideV, aQd XOWiPaWeO\ WR ceOO deaWh. A VWXd\ fRXQd WhaW 
baicaOeiQ cRXOd effecWiYeO\ UedXce 12/15-LOX e[SUeVViRQ 
iQ UaW MCAO PRdeO [43].  

MiWRchRQdUia d\VfXQcWiRQ iQdXced b\ chURQic 
ceUebUaO h\SR-SeUfXViRQ SOa\ed a Ne\ UROe iQ Whe 
geQeUaWiRQ Rf ROS, UeVXOWiQg iQ R[idaWiYe daPage. 
BaicaOeiQ cRXOd decUeaVe PiWRchRQdUia ROS SURdXcWiRQ, 
iQ accRUdaQce ZiWh iWV iPSURYePeQWV RQ PePbUaQe 
SRWeQWiaO OeYeO, R[idaWiYe ShRVShRU\OaWiRQ SURceVV, 
PiWRchRQdUiaO VZeOOiQg degUee, B-ceOOO\PShRPa-2/BcO-2-
aVVRciaWed X SURWeiQ (BcO-2/Ba[) UaWiR aQd c\WRchURPe c 
UeOeaVe. TheVe daWa iQdicaWed WhaW baicaOeiQ PighW haYe 
WheUaSeXWic SRWeQWiaO fRU Whe WUeaWPeQW Rf dePeQWia caXVed 
b\ chURQic ceUebUaO h\SRSeUfXViRQ [42].  

PhRVShaWid\OiQRViWRO 3-NiQaVe/PURWeiQ KiQaVe B 
(PI3K/ANW) UegXOaWeV Whe VXUYiYaO UeVSRQVe agaiQVW 
R[idaWiYe VWUeVV-aVVRciaWed QeXURQaO aSRSWRViV [51]. IQ Whe 
ceQWUaO QeUYe V\VWeP, iQcUeaVed ANW acWiYiW\ cRQWUibXWeV WR 
Whe QeXURSURWecWiRQ iQdXced b\ h\SR[ic SUecRQdiWiRQiQg 
[52]. PhRVShRU\OaWiRQ Rf ANW (SeU473) iV UeTXiUed fRU ANW 
acWiYaWiRQ. AcWiYaWed ANW SURPRWeV ceOO VXUYiYaO aQd 
VXSSUeVVeV aSRSWRViV b\ ShRVShRU\OaWiRQ RU iQhibiWiRQ Rf 
VeYeUaO dRZQVWUeaP VXbVWUaWeV, iQcOXdiQg gO\cRgeQ 
V\QWhaVe NiQaVe-3 beWa (GSK3ȕ) [53]. BcO-2-aVVRciaWed 
deaWh SURPRWeU (BAD) iV aOVR Whe WaUgeW Rf ANW. UQdeU ceOO 
VWUeVV, Whe ORVV Rf ANW acWiYiW\ OeadV WR BAD 
deShRVShRU\OaWiRQ aQd WUaQVORcaWiRQ WR PiWRchRQdUia, 
ZheUe iW biQdV ZiWh BcO-2 aQd acWiYaWeV Whe PiWRchRQdUiaO 
ceOO deaWh SaWhZa\ WR UeOeaVe c\WRchURPe c iQWR c\WRVRO. 
LiX eW aO. fRXQd WhaW baicaOeiQ WUeaWPeQW cRXOd eQhaQce Whe 
UedXced ANW ShRVShRU\OaWiRQ afWeU R[\geQ aQd gOXcRVe 
deSUiYaWiRQ/UeSeUfXViRQ (OGD/R) iQ cRUWicaO QeXURQ. 
PhaUPacRORgic iQhibiWiRQ PI3K RU ViOeQciQg ANW 
e[SUeVViRQ iPSaiUed Whe abiOiW\ Rf baicaOeiQ WR SURWecW 
agaiQVW OGD/R-iQdXced cRUWicaO QeXURQV deaWh. AW Whe 
VaPe WiPe baicaOeiQ iQcUeaVed ShRVShRU\OaWiRQ Rf 
GSK3beWa aQd BAD, aQd iQhibiWed OGD/R-iQdXced ORVV 
Rf BcO-2 fURP PiWRchRQdUia. C\WRchURPe c UeOeaVe iQ 
c\WRVRO ZaV VeTXeQWiaOO\ bORcNed. The biRORgicaO effecWV 
Rf ANW aUe deSeQdeQW RQ Whe baOaQce beWZeeQ Whe acWiYiW\ 
Rf PI3K aQd PhRVShaWaVe aQd WeQViQ hRPRORgXe (PTEN). 
PTEN iV a PaMRU QegaWiYe UegXOaWRU iQ Whe PI3K/ANW 
VigQaOiQg SaWhZa\. PhRVShRU\OaWiRQ Rf PTEN UeVXOWV iQ iWV 
iQacWiYaWiRQ, aQd WheQ SURWecWed bUaiQ WiVVXe fURP 
iVchePic daPage [54]. IQ OGD/R-WUeaWed cRUWicaO QeXURQV, 
PTEN iV UaSidO\ deShRVShRU\OaWed afWeU OGD aQd WhiV 
deShRVShRU\OaWiRQ iV UeYeUVed b\ baicaOeiQ. TheUefRUe, iW 
VeePV WhaW baicaOeiQ cRXOd caXVe PTEN WR ORVe iWV acWiYiW\ 
aQd, iQcUeaVe AKT acWiYiW\ aQd WheQ iQhibiW Whe 
dRZQVWUeaP PediaWed aSRSWRWic ceOO deaWh iQ 
iVchePia/UeSeUfXViRQ [39].  

ReacWiYe QiWURgeQ VSecieV (RNS) iV cUiWicaO QeXURWR[ic 
facWRUV iQ ceUebUaO iVchePia-UeSeUfXViRQ iQMXU\. IW caQ 
WUiggeU QXPeURXV PROecXOaU caVcadeV, UeVXOWiQg iQ 
QeXURQaO deaWh. PeUR[\QiWUiWe iV a UeSUeVeQWaWiYe RNS, 
Zhich iV SURdXced fURP Whe UeacWiRQ Rf QiWUicR[ide aQd 
VXSeU R[ide aQiRQV, bXW haV PXch higheU acWiYiW\ WhaQ iWV 
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SaUeQW UadicaOV. PeUR[\QiWUiWe caQ eaViO\ cURVV SOaVPa 
PePbUaQe aQd R[idi]e PaQ\ iQWUaceOOXOaU PROecXOeV 
iQcOXdiQg OiSid, DNA aQd SURWeiQV [55]. PeUR[\QiWUiWe 
decRPSRViWiRQ caWaO\VW (PDCV) cRXOd UedXce QiWUicR[ide, 
VXSeU R[ide aQiRQV aQd SeUR[\QiWUiWe aQd decUeaVeV iWV 
decRPSRViWiRQ WR RWheU UeacWiYe iQWeUPediaWeV. PDCV 
UeYeaOed WR aWWeQXaWe iQfaUcW YROXPe, QeXURQaO deaWh aQd 
BBB SeUPeabiOiW\ iQ fRcaO ceUebUaO iVchePic UaWV [56]. XX 
eW aO. e[SORUed Whe QeXURSURWecWiYe PechaQiVPV Rf baicaOiQ 
agaiQVW RNS UeOaWed QeXURWR[ic facWRUV iQ a chePicaO 
V\VWeP aQd ceOO PRdeO. IQ Whe chePicaO V\VWePV, eOecWURQ 
SaUaPagQeWic UeVRQaQce (EPR) VSiQ WUaSSiQg e[SeUiPeQWV 
aQd PaVV VSecWURPeWU\ (MS) VWXdieV ZeUe cRQdXcWed WR 
eYaOXaWe Whe VcaYeQgiQg effecWV Rf baicaOiQ RQ VXSeUR[ide 
aQd QiWUicR[ide aQd Whe UeacWiRQ Rf baicaOiQ aQd 
SeUR[\QiWUiWe. BaicaOiQ UeYeaOed a VWURQg aQWiR[idaQW 
abiOiW\ b\ diUecWO\ VcaYeQgiQg VXSeUR[ide aQd UeacWiQg 
ZiWh SeUR[\QiWUiWe. IQ ceOOXOaU e[SeUiPeQWV, Whe effecWV Rf 
baicaOiQ agaiQVW e[WUaQeRXV aQd eQdRgeQRXV SeUR[\QiWUiWe 
PediaWed QeXURWR[iciW\ iQ SH-SY5Y ceOOV WUeaWed ZiWh 
SeUR[\QiWUiWe dRQRU, V\QWheVi]ed SeUR[\QiWUiWe aQd 
e[SRVed WR R[\geQ gOXcRVe deSUiYaWiRQ aQd UeR[\geQaWiRQ 
(OGD/RO) ZeUe iQYeVWigaWed. The UeVXOWV VhRZed WhaW 
baicaOiQ cRXOd SURWecW Whe QeXURQaO ceOOV fURP e[WUaQeRXV 
aQd eQdRgeQRXV SeUR[\QiWUiWe-iQdXced QeXURWR[iciW\ [57]. 
 
ASRSWRVLV 
 
ASRSWRViV caQ be WUiggeUed b\ QXPeURXV PediaWRUV 
iQcOXdiQg UeceSWRU-PediaWed VigQaOV, ZiWhdUaZaO Rf 
gURZWh facWRUV, aQd eQYiURQPeQWaO ageQWV. CaVSaVeV aUe a 
faPiO\ Rf c\VWeiQ-deSeQdeQW SURWeaVeV iQ Whe iQiWiaWiRQ aQd 
e[ecXWiRQ Rf ceOO aSRSWRViV. IW haV beeQ UeSRUWed WhaW 
R[idaWiYe VWUeVV iQdXceV Whe UeOeaVe Rf PiWRchRQdUiaO 
c\WRchURPe c aQd RWheU aSRSWRgeQic SURWeiQV fURP Whe 
PiWRchRQdUiaO iQWeU-PePbUaQe VSace iQWR Whe c\WRVRO. 
TheVe SURWeiQV WheQ acWiYaWe SUR-caVSaVe-3, Zhich OeadV WR 
PiWRchRQdUiaO deSeQdeQW aSRSWRViV [58]. The B-ceOO 
O\PShRPa-2 (BcO-2) faPiO\, cRQViVWiQg Rf aQWi-aSRSWRWic 
(e.g. BcO-2) aQd SURaSRSWRWic PePbeUV, SOa\V aQ 
iPSRUWaQW UROe iQ Whe UegXOaWiRQ Rf ceOO deaWh. SXUYiYiQ, aQ 
iQhibiWRU Rf aSRSWRViV, iV VXggeVWed WR be cUXciaO iQ 
cRQWUROOiQg Whe iQiWiaWiRQ Rf Whe XSVWUeaP aQWi-aSRSWRWic 
PechaQiVP WhaW OeadV WR Whe PiWRchRQdUiaO-deSeQdeQW 
aSRSWRViV. SigQaOiQg WhURXgh Whe JaQXV NiQaVe/SigQaO 
WUaQVdXceU aQd acWiYaWRU Rf WUaQVcUiSWiRQ (JAK/STAT) 
SaWhZa\ iV iQiWiaWed ZheQ a c\WRNiQe biQdV WR iWV 
cRUUeVSRQdiQg UeceSWRU. BcO-2 aQd caVSaVe-3 aUe 
iPSRUWaQW STAT3 WaUgeW geQeV. The SUeYiRXV VWXd\ 
iQdicaWeV WhaW iVchePia acWV V\QeUgiVWicaOO\ WR SURPRWe 
acWiYaWiRQ Rf STAT3 aQd STAT3-deSeQdeQW WUaQVcUiSWiRQ 
Rf VXUYiYiQ iQ iQVXOWed CA1 QeXURQV aQd ideQWifieV STAT3 
aQd VXUYiYiQ aV SRWeQWiaOO\ iPSRUWaQW WheUaSeXWic WaUgeWV iQ 
aQ iQ YiYR PRdeO Rf gORbaO iVchePia [59]. A VWXd\ VhRZed 

WhaW baicaOiQ cRXOd XS-UegXOaWe Whe e[SUeVViRQ Rf S-STAT3, 
VXUYiYiQ aQd BcO-2 RbYiRXVO\ iQ PC12 ceOOV e[SRVed WR 
H2O2 fRU 12 hRXUV, ZhiOe caVSaVe-3 e[SUeVViRQ ZaV dRZQ-
UegXOaWed. The UeVXOWV VXggeVW WhaW Whe effecWV Rf baicaOiQ 
RQ aQWi-aSRSWRViV aUe UeOaWed WR Whe acWiYaWiRQ Rf Whe 
JAK/STAT3 SaWhZa\ [60].  

NeXURQaO daPage iQ iVchePic iQMXU\ iV UeOaWed WR 
acWiYaWiRQ Rf aSRSWRWic caVcade afWeU R[idaWiYe VWUeVV 
aQd/RU PiWRchRQdUiaO. CaVSaVe-3 iV RQe Rf Whe iPSRUWaQW 
e[ecXWRUV Rf aSRSWRViV. A OaUge bRd\ Rf eYideQce haV 
VhRZed WhaW caVSaVe-3 VigQificaQWO\ iQcUeaVed afWeU 
ceUebUaO iVchePia [61]. IQ a geUbiO gORbaO ceUebUaO 
iVchePia/UeSeUfXViRQ iQMXU\ PRdeO, CaR eW aO. fRXQd WhaW 
baicaOiQ UePaUNabO\ iQhibiWed Whe e[SUeVViRQ Rf caVSaVe-3 
aW PRNA aQd SURWeiQ OeYeOV b\ UeaO-WiPe RT-PCR aQd 
WeVWeUQ bORW, UeVSecWiYeO\. CaVSaVe-3 acWiYiW\ aVVa\ aOVR 
eOXcidaWed WhaW Whe adPiQiVWUaWiRQ Rf baicaOiQ cRXOd 
VigQificaQWO\ VXSSUeVV caVSaVe-3 iQ iVchePic geUbiO 
hiSSRcaPSXV [46]. 

M\eORid ceOO OeXNePia-1 (MCL-1) iV a SUR-VXUYiYaO 
PePbeU Rf Whe BcO-2 faPiO\ WhaW iV iQiWiaOO\ ideQWified aV 
aQ iPPediaWe-eaUO\ geQe e[SUeVVed dXUiQg diffeUeQWiaWiRQ 
Rf ML-1 P\eORid OeXNePia ceOOV aQd iV cRQVideUed aV aQ 
aQWi-aSRSWRWic geQe. AV a SRZeUfXO cR-acWiYaWRU Rf VeUXP 
UeVSRQVe facWRU (SRF), P\RcaUdia-UeOaWed WUaQVcUiSWiRQ 
facWRU-A (MRTF-A) iV a PaMRU UegXOaWRU Rf VWiPXOXV-
deSeQdeQW WUaQVcUiSWiRQ Rf iPPediaWe-eaUO\ geQeV (IEGV). 
MRTF-A haV beeQ fRXQd WR SOa\ a Ne\ UROe iQ ceOO 
SUROifeUaWiRQ, diffeUeQWiaWiRQ, PigUaWiRQ aQd aSRSWRViV. A 
VWXd\ haV VhRZQ WhaW SRF-MRTF-A/SRE-dUiYeQ 
WUaQVcUiSWiRQ ZaV iQYROYed iQ SURPRWiQg QeXURQaO VXUYiYaO 
aQd iQhibiWiQg aSRSWRViV iQdXced b\ h\SR[ia/iVchePia 
[62]. OQe VWXd\ fRXQd WhaW baicaOiQ VigQificaQWO\ iQcUeaVed 
Whe PRNA RU SURWeiQ OeYeOV Rf BcO-2 aQd MCL-1iQ 
iVchePic hePiVSheUeV Rf MCAO/R UaWV aQd iQ SUiPaU\ 
cRUWicaO QeXURQV. EQdRgeQRXV MRTF-A OeYeO ZaV 
VigQificaQW UedXced iQ iVchePia hePiVSheUe Rf ceUebUaO I/R 
UaWV, bXW PaUNedO\ iQcUeaVed b\ baicaOiQ iQ a dRVe-
deSeQdeQW PaQQeU. HRZeYeU, Whe aQWi-aSRSWRViV effecW Rf 
baicaOiQ ZaV VigQificaQWO\ iQhibiWed b\ WUaQVfecWiRQ ZiWh 
Whe VPaOO iQWeUfeUiQg RNA Rf MRTF-A (MRTF-A ViRNA) 
iQ SUiPaU\ cRUWicaO QeXURQ cXOWXUeV. The OXcifeUaVe aVVa\V 
aOVR iQdicaWed baicaOiQ eQhaQced Whe WUaQVacWiYiW\ Rf 
MCL-1 aQd BcO-2 SURPRWeU b\ acWiYaWiQg Whe Ne\ CAUG 
bR[ eOePeQW, Zhich ZaV UedXced b\ MRTF-A ViRNA, 
VXggeVWiQg MRTF-A Pa\ SaUWiciSaWe iQ Whe aQWi-aSRSWRViV 
effecW Rf baicaOiQ, aQd MRTF-A ZaV iQYROYed iQ Whe 
WUaQVcUiSWiRQaO acWiYiW\ Rf MCL-1 aQd BcO-2 WhaW ZaV 
iQdXced b\ baicaOiQ [63].  

AOWeUaWiRQ Rf PiWRgeQ-acWiYaWed SURWeiQ NiQaVeV 
(MAPKV) VigQaOiQg SaWhZa\ iV a Ne\ eYeQW iQ Whe 
aSRSWRViV Rf ceOOV. MaPPaOV e[SUeVV aW OeaVW WhUee ZeOO-
chaUacWeUi]ed VXbgURXSV Rf MAPKV: e[WUaceOOXOaU VigQaO-
UegXOaWed NiQaVe (ERK), c-JXQ N-WeUPiQaO NiQaVe/VWUeVV-
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acWiYaWed SURWeiQ NiQaVe (JNK/SAPK) aQd S38. A VWXd\ 
VhRZed WhaW e[ciWRWR[ic-iQdXced ceOO deaWh Rf 
hiSSRcaPSaO QeXURQV iQ Pice OacNiQg c-JXQ N-WeUPiQaO 
NiQaVe 3 (JNK3) geQe VigQificaQWO\ decUeaVed [64]. IQ 
addiWiRQ, iQhibiWiRQ Rf e[WUaceOOXOaU VigQaO-UegXOaWed 
NiQaVeV (ERK) aQd cRQcXUUeQW acWiYaWiRQ Rf JNK aV ZeOO 
aV S38 VigQaOiQg SaWhZa\V cRXOd iQdXce aSRSWRViV iQ UaW 
PC12 ceOOV [65]. AdPiQiVWUaWiRQ Rf baicaOiQ b\ Whe dRVe Rf 
200 Pg/Ng VigQificaQWO\ iQcUeaVed Whe acWiYaWiRQ Rf ERK 
aQd diPiQiVhed Whe acWiYaWiRQ Rf JNK aQd S38 iQ geUbiOV 
afWeU iVchePia/UeSeUfXViRQ, Whe WRWaO cRQWeQW Rf ERK, JNK 
aQd S38 UePaiQed XQchaQged [66].   
 
IQIOaPPaWLRQ 
 
The iQfOaPPaWRU\ UeVSRQVe dXUiQg gORbaO ceUebUaO 
iVchePia/UeSeUfXViRQ aOVR iV RQe Rf Whe PRVW iPSRUWaQW 
caXVeV Rf QeXUaO daPage [67]. C\cORR[\geQaVe (COX) 
beORQgV WR Whe faPiO\ Rf SURVWagOaQdiQ SeUR[ide V\QWhaVeV, 
aQd iV a Ne\ eQ]\Pe iQ Whe caWaO\Wic cRQYeUViRQ Rf 
aUachidRQic acid WR SURVWagOaQdiQV aQd WhURPbR[aQe. 
COX-2 iV a Ne\ PaUNeU Rf iQfOaPPaWRU\ UeVSRQVe, Zhich 
caQ caXVe Whe QeXURQaO deaWh dXUiQg Whe 
iVchePia/UeSeUfXViRQ daPage. CheQg eW aO. fRXQd WhaW 
baicaOiQ cRXOd UedXce e[SUeVViRQ Rf COX-2 iQ Whe 
hiSSRcaPSXV Rf gORbaO iVchePia UaWV. ThiV fiQdiQg 
iQdicaWeV WhaW Whe SRVVibOe PechaQiVP fRU Whe 
QeXURSURWecWiYe effecWV Rf baicaOiQ Pa\ be UeOaWed ZiWh 
iQhibiWiRQ Rf COX-2 e[SUeVViRQ fROORZiQg gORbaO 
iVchePia [47]. 

TROO-OiNe UeceSWRUV (TLRV), Zhich PediaWe Whe 
iQfOaPPaWRU\ UeacWiRQ, aUe iQYROYed iQ Whe 
SaWhRSh\ViRORgicaO SURceVVeV Rf iVchePic bUaiQ iQMXU\ 
[68]. TLR2 aQd TLR4 had beeQ ideQWified aV Ne\ 
PediaWRUV Rf iPPXQe UeVSRQVeV aQd iQfOaPPaWRU\ 
UeacWiRQV UeOaWed WR AO]heiPeU¶V diVeaVe, PaUNiQVRQ¶V 
diVeaVe, bUaiQ iQMXU\, aQd iVchePic VWURNe, aQd Whe\ 
PediaWed SURiQfOaPPaWRU\ UeVSRQVeV WhURXgh acWiYaWiQg 
Whe QXcOeaU facWRU NaSSa B (NF-țB) WUaQVcUiSWiRQ facWRU. 
NF-țB iV a Ne\ UegXOaWRU iQYROYed iQ Whe iQdXcibOe 
e[SUeVViRQ Rf SURiQfOaPPaWRU\ PediaWRUV, VXch aV 
iQdXcibOe QiWUic R[ide V\QWhaVe (iNOS), c\cORR[\geQaVe-
2 (COX-2), WXPRU QecURViV facWRU-Į (TNF-Į), aQd 
iQWeUOeXNiQ-1ȕ (IL-1ȕ) [69]. ThRVe facWRUV aQd WheiU 
UeacWiRQ SURdXcW QiWUic R[ide (NO) aQd SURVWagOaQdiQ E2 
(PGE2) aUe beOieYed WR be Whe PaMRU facWRUV cRQWUibXWiQg 
WR iVchePic bUaiQ iQMXU\ iQ SRVW-iVchePic iQfOaPPaWiRQ. 
TheUefRUe, TLR2/4 VigQaOiQg SaWhZa\ iQ Whe ceQWUaO 
QeUYRXV V\VWeP iV cRQVideUed aV Whe diUecW VRXUce Rf Whe 
daPagiQg VigQaO aQd aQ iPSRUWaQW SRWeQWiaO WheUaSeXWic 
WaUgeW [70]. Li eW aO. fRXQd WhaW baicaOiQ aQd iWV WhUee 
aQaORgV cRXOd iQhibiW Whe e[SUeVViRQ Rf TLR2 aQd TNFĮ 
iQ R[\geQ-gOXcRVe deSUiYaWiRQ PC12 ceOO PRdeO. The 
UeVXOWV VXggeVW Whe SRVVibiOiW\ Rf baicaOiQ XVed iQ VWURNe 

WheUaS\ b\ WaUgeWiQg TLR2[40].  
IQ aQRWheU in YiYo VWXd\, Whe effecWV Rf baicaOiQ RQ 

TLR2/4 VigQaOiQg SaWhZa\ iQ a UaW PRdeO Rf SeUPaQeQW 
fRcaO ceUebUaO iVchePia ZeUe iQYeVWigaWed. AdXOW SSUagXe±
DaZOe\ UaWV XQdeUZeQW SeUPaQeQW PiddOe ceUebUaO aUWeU\ 
RccOXViRQ (MCAO). BaicaOiQ ZaV adPiQiVWeUed b\ 
iQWUaSeUiWRQeaOO\ iQMecWed WZice aW 2 aQd 12 h afWeU Whe 
RQVeW Rf iVchePia. E[SUeVViRQ Rf TLR2/4, NF-țB, 
iQdXcibOe QiWUic R[ide V\QWhaVe (iNOS), aQd 
c\cORR[\geQaVe-2 (COX-2) ZeUe deWeUPiQed b\ RT-PCR 
RU ZeVWeUQ bORW. NO aQd PGE2 SURdXcWiRQ iQ UaW bUaiQ 
ZeUe PeaVXUed 24 h afWeU MCAO. SeUXP cRQWeQW Rf WXPRU 
QecURViV facWRU-aOSha (TNF-Į) aQd iQWeUOeXNiQ-1ȕ (IL-1ȕ) 
ZeUe deWecWed b\ ELISA. The UeVXOWV VhRZed WhaW baicaOiQ 
UedXced Whe e[SUeVViRQ Rf TLR2/4 aQd NF-țB, decUeaVed 
Whe e[SUeVViRQ aQd acWiYiW\ Rf iNOS aQd COX-2 iQ UaW 
bUaiQ. BaicaOiQ aOVR aWWeQXaWed Whe VeUXP cRQWeQW Rf TNF-
Į aQd IL-1ȕ. ThiV VWXd\ VXggeVWed WhaW baicaOiQ iQhibiWV 
Whe TLR2/4 VigQaOiQg SaWhZa\ iQ ceUebUaO iVchePia [44]. 
AV diVcXVVed abRYe, Whe SeUPaQeQW NF-țB S65 acWiYaWiRQ 
iV cRQVideUed WR cRQWUibXWe WR iQfaUcWiRQ aQd ceOO deaWh 
iQdXced b\ iVchePia UeSeUfXViRQ iQMXU\ iQ bRWh SeUPaQeQW 
MCAO aQiPaO PRdeOV aQd VWURNe SaWieQWV. TheUefRUe, 
iQhibiWiRQ Rf SeUPaQeQW acWiYaWiRQ Rf NF-MB S65 caQ 
SURWecW ceUebUaO WiVVXe fURP iVchePic iQMXU\. MaOe WiVWaU 
UaWV ZeUe VXbMecWed WR PiddOe ceUebUaO aUWeU\ RccOXViRQ 
(MCAO) fRU 2 h fROORZed b\ UeSeUfXViRQ fRU 24 h. 
BaicaOiQ aW dRVeV Rf 50, 100 aQd 200 Pg/Ng ZaV 
iQWUaYeQRXVO\ iQMecWed afWeU iVchePia RQVeW. TZeQW\-fRXU 
hRXUV afWeU UeSeUfXViRQ, Whe OeYeOV Rf NF-țB S65 iQ 
iVchePic cRUWe[eV b\ WeVWeUQ bORW aQaO\ViV aQd RT-PCR 
aVVa\ ZeUe e[aPiQed. The UeVXOWV VhRZed WhaW Whe QXcOeaU 
NF-țB S65 e[SUeVViRQ ZaV iQcUeaVed fROORZiQg iVchePia 
UeSeUfXViRQ iQMXU\, iQdicaWiQg WhaW a SeUPaQeQW NF-țB S65 
acWiYaWiRQ RccXUUed. BaicaOiQ WUeaWPeQW effecWiYeO\ 
iQhibiWed Whe SeUPaQeQW NF-țB S65 OeYeO b\ 73% aQd 
decUeaVed Whe iQfaUcWiRQ aUea b\ 25% [44].  

C\WRVROic ShRVShROiSaVeV A2 (CPLA2) iV RQe Rf Whe 
VXSeU faPiOieV Rf eVWeUaVeV WhaW VSecificaOO\ h\dURO\]e Whe 
ac\O eVWeU bRQdiQg aW Whe VQ-2 SRViWiRQ Rf PePbUaQe 
ShRVShROiSidV iQcOXdiQg aUachidRQic acid. IQcUeaVed 
cPLA2 acWiYiW\ geQeUaWed SURiQfOaPPaWRU\ OiSid 
PediaWRUV, VXch aV OeXNRWUieQeV, eicRVaQRidV, 
SURVWagOaQdiQV, aQd SOaWeOeW-acWiYaWiQg facWRU, aQd WheVe 
facWRUV SOa\ed aQ iPSRUWaQW UROe iQ acXWe iQfOaPPaWRU\ 
UeVSRQVeV aQd R[idaWiYe VWUeVV aVVRciaWed ZiWh 
QeXURORgicaO diVeaVeV [71]. P38MAPK iV OiQNed WR Whe 
acWiYaWiRQ aQd ShRVShRU\OaWiRQ Rf cPLA2 aQd aUachidRQic 
acid UeOeaVe. BaicaOeiQ cRXOd decUeaVe Whe SRViWiYe 
VWaiQiQg ceOOV Rf ShRVShRS38 MAPK aQd cPLA2 iQ Whe 
bUaiQ WiVVXe afWeU iVchePia [43].  

IQWUaceOOXOaU NRd-OiNe UeceSWRUV (NLRV) Zhich haYe 
UaSidO\ ePeUged aV ceQWUaO UegXOaWRUV Rf iPPXQiW\ aQd 
iQfOaPPaWiRQ ZiWh dePRQVWUaWed UeOeYaQce WR hXPaQ 

Georges MOUTON
Iaa

Georges MOUTON
The ifaa ee dig gba ceeba icheia/eefi a i e f he ia cae f ea daage

Georges MOUTON
T-ie ece (TLR), hich ediae he ifaa eaci, ae ied i he ahhigica cee f icheic bai i

Georges MOUTON
TLR2 ad TLR4 had bee ideified a e edia f ie ee ad ifaa eaci eaed Aheie dieae, Pai dieae, bai i, ad icheic e, ad he ediaed ifaa ee hgh aciaig he cea fac aa B (NF-B) acii fac. NF-B i a e ega ied i he idcibe eei f ifaa edia, ch a idcibe iic ide hae (iNOS), ccgeae- 2 (COX-2), eci fac- (TNF-), ad ieei-1 (IL-1)

Georges MOUTON
The fac ad hei eaci dc iic ide (NO) ad agadi E2 (PGE2) ae beieed be he a fac cibig icheic bai i i -icheic ifaai

Georges MOUTON
Theefe, TLR2/4 igaig aha i he cea e e i cideed a he diec ce f he daagig iga ad a ia eia heaeic age

Georges MOUTON
baicai ad i hee aag cd ihibi he eei f TLR2 ad TNF i ge-gce deiai PC12 ce de.

Georges MOUTON
Thi d ggeed ha baicai ihibi he TLR2/4 igaig aha i ceeba icheia

Georges MOUTON
Baicai eae effecie ihibied he eae NF-B 65 ee b 73% ad deceaed he ifaci aea b 25%

Georges MOUTON
he eae NF-B 65 aciai i cideed cibe ifaci ad ce deah idced b icheia eefi i i bh eae MCAO aia de ad e aie.

Georges MOUTON
Adiiai f baicai b he de f 200 g/g igifica iceaed he aciai f ERK ad diiihed he aciai f JNK ad 38 i gebi afe icheia/eefi,

Georges MOUTON
aciaed ei iae (JNK/SAPK) ad 38.



Liang W., et al                                                                                                    Effects of baicalin on cerebral ischemia 

Aging and Disease • Volume 8, Number 6, December 2017                                                                            858 
 

diVeaVeV. TZR PePbeUV Rf WhiV faPiO\, NOD1 (NRd-OiNe 
UeceSWRU 1) aQd NOD2 (NRd-OiNe UeceSWRU 2) caQ caXVe 
iQfOaPPaWiRQ Yia acWiYaWiRQ Rf Whe NF-țB aQd MAP 
NiQaVe SaWhZa\V. MaPPaOiaQ NOD2 VeePV WR fXQcWiRQ aV 
a c\WRVROic VeQVRU fRU Whe iQdXcWiRQ Rf aSRSWRViV [72]. 
PURWeiQ aQd PRNA Rf NOD2 ZeUe bRWh highO\ e[SUeVVed 
dXUiQg Whe R[\geQ±gOXcRVe deSUiYaWiRQ aQd UeSeUfXViRQ iQ 
BV2 ceOOV, aV ZeOO aV iQ PC12 aQd SUiPaU\ QeXURQ ceOOV, 
Zhich PeaQV Whe iQWUaceOOXOaU NRd-OiNe UeceSWRUV (NLRV) 
cRXOd be acWiYaWed QRW RQO\ iQ PicURgOia bXW iQ QeXURQ. 
BaicaOiQ cRXOd dRZQ UegXOaWe Whe e[SUeVViRQ Rf NOD2 aQd 
TNFĮ Rf Whe ceOOV. IQ SUiPaU\ QeXURQ ceOOV aQd PC12 ceOOV, 
baicaOiQ¶V effecW RQ Whe SURWeiQ e[SUeVViRQ Rf NOD2 cRXOd 
OaVW fRU 6 h, bXW iQ BV2 ceOOV iWV effecW RQ Whe SURWeiQ 
e[SUeVViRQ Rf NOD2 OaVWed RQO\ fRU 3 h, Zhich VXggeVWed 
baicaOiQ¶V effecW RQ BV2 ceOOV iQ a WePSRUaU\ PaQQeU ZiWh 
diffeUeQce fURP Whe SUiPaU\ QeXURQ aQd PC12 ceOOV. The 
effecW Rf NOD2 aQd TNFĮ e[SUeVViRQ ZaV highO\ 
cRUUeOaWed ZiWh Whe baicaOiQ cRQceQWUaWiRQ iQ R[\geQ±
gOXcRVe deSUiYaWiRQ ceOOV. The cRQceQWUaWiRQ Rf baicaOiQ iQ 
Whe ceOOV ZaV iQcUeaVed 15 PiQ afWeU iWV adPiQiVWUaWiRQ. 
MeaQZhiOe, Whe e[SUeVViRQ Rf NOD2 aQd TNFĮ ZaV 
decUeaVed 30 PiQ afWeU baicaOiQ adPiQiVWUaWiRQ. ThiV VWXd\ 
VhRZed baicaOiQ SOa\ed Whe UROe iQ SURWecWiRQ Rf QeXURQ 
daPage, Zhich ZaV WighWO\ UeOaWed WR e[SUeVViRQV Rf Whe 
SaWWeUQ UecRgQiWiRQ UeceSWRUV, eVSeciaOO\ NOD2, iQ 
iPPXQe V\VWeP [73].  

PeUR[iVRPe SUROifeUaWRU-acWiYaWed UeceSWRU Ȗ (PPARȖ) 
iV a OigaQd-acWiYaWed WUaQVcUiSWiRQ facWRU WhaW UegXOaWeV 
OiSid PeWabROiVP aQd gOXcRVe hRPReRVWaViV. AcWiYaWiRQ b\ 
iWV OigaQdV, PPARȖ WUaQVORcaWe fURP c\WRSOaVP iQWR 
QXcOeXV WR UegXOaWe geQe WUaQVcUiSWiRQ. NiWUaWiRQ Rf PPARȖ 
caXVeV d\VfXQcWiRQ Rf Whe WUaQVcUiSWiRQ facWRU b\ 
iQhibiWiQg iWV agRQiVW-VWiPXOaWed QXcOeaU WUaQVORcaWiRQ. 
PPARȖ iV aOVR iQYROYed iQ Whe cRQWURO Rf iQfOaPPaWiRQ, iQ 
SaUWicXOaU iQ PRdXOaWiQg Whe SURdXcWiRQ Rf iQfOaPPaWRU\ 
PediaWRUV. UViQg QeXURQaO PPARȖ deficieQW Pice aQd 
PPARȖ agRQiVWV, VhRZed WhaW PPARȖ iQ QeXURQV SOa\V aQ 
iQWUiQVic SURWecWiYe UROe iQ Whe bUaiQ agaiQVW 
iVchePia/UeSeUfXViRQ (I/R) iQMXU\. AcWiYaWiRQ Rf PPARȖ b\ 
iWV agRQiVW VigQificaQWO\ UedXced iQfaUcWiRQ Vi]e aQd 
iPSURYed QeXURORgic fXQcWiRQ iQ a YaUieW\ Rf aQiPaO 
PRdeOV Rf VWURNe [74]. FROORZiQg PiddOe ceUebUaO aUWeU\ 
RccOXViRQ (60 PiQ) aQd 2-24 hU UeSeUfXViRQ iQ UaWV, 
ceUebUaO iVchePia/UeSeUfXViRQ (I/R) iQdXced XS-UegXOaWiRQ 
Rf PPARȖ SURWeiQ e[SUeVViRQ aQd WUaQVORcaWiRQ fURP Whe 
c\WRSOaVP iQWR Whe QXcOeXV iQ a WiPe-deSeQdeQW PaQQeU 
ZeUe RbVeUYed iQ a VWXd\. ThiV VWXd\ aOVR dePRQVWUaWed 
WhaW Whe I/R-iQdXced PPARȖ aOWeUaWiRQ ZaV UeYeUVed b\ 
baicaOeiQ. BaicaOeiQ WUeaWPeQW VigQificaQWO\ iQhibiWed Whe 
XS-UegXOaWiRQ Rf PPARȖ e[SUeVViRQ aQd, fXUWheUPRUe, 
VXSSUeVVed PPARȖ QXcOeaU accXPXOaWiRQ aV ZeOO aV 
PaiQWaiQed PPARȖ c\WRSOaVPic UeWeQWiRQ [75].  
 

E[cLWRWR[LcLW\ 
 
E[ciWRWR[iciW\ iV a Ne\ cRQWUibXWiQg facWRU dXUiQg 
iVchePia/UeSeUfXViRQ iQMXU\, iQ Zhich diVUXSWiRQ Rf 
GABAeUgic V\QaSWic WUaQVPiVViRQ SOa\V aQ iPSRUWaQW UROe. 
DecUeaVe Rf GABAAR-PediaWed iQhibiWRU\ UeVSRQVeV 
cRQWUibXWeV WR Whe iVchePic daPage. GABAARĮ1 aQd Ȗ2 
aUe WZR ZideO\ e[SUeVVed VXbXQiWV Rf GABAARV Zhich 
gaWe a chORUide chaQQeO WR geQeUaWe QeXURQaO iQhibiWiRQ 
aQd WheQ SURWecW QeXURQV fURP e[ciWRWR[ic iQMXU\ [76]. 
GABAAR-PediaWed chORUide fOX[ iV deSeQded RQ Whe 
iQWUaceOOXOaU COí cRQceQWUaWiRQ Zhich iV UegXOaWed b\ Whe 
acWiYiW\ Rf K+-COí (KCC) aQd Na+-K+-COí (NKCC) 
faPiOieV Rf caWiRQ chORUide cR-WUaQVSRUWeUV. DecUeaVed 
KCC2 aQd/RU iQcUeaVed NKCC1 acWiYiW\ caQ ORZeU 
GABAAR-PediaWed V\QaSWic iQhibiWiRQ Yia eOeYaWiQg 
iQWUaceOOXOaU COí cRQceQWUaWiRQ, aQd WheQ PaNiQg Whe 
QeXURQ PRUe YXOQeUabOe WR iVchePia [77]. Dai eW aO. fRXQd 
baicaOiQ VigQificaQWO\ iQcUeaVed Whe e[SUeVViRQV Rf 
GABAARĮ1 aQd Ȗ2 VXbXQiWV aW PRNA aQd SURWeiQ OeYeOV 
iQ hiSSRcaPSaO CA1 VXbfieOd RQ aQ iVchePia/UeSeUfXViRQ 
geUbiO PRdeO. AW Whe VaPe WiPe, SURWeiQ OeYeO Rf KCC2 
iQcUeaVed aQd NKCC1 decUeaVed iQ baicaOiQ-WUeaWed 
iVchePic geUbiOV. TheVe fiQdiQgV VXggeVWed WhaW Whe 
QeXURSURWecWiYe effecWV Rf baicaOiQ RQ geUbiO gORbaO 
iVchePia-iQdXced QeXURQaO iQMXU\ aUe UeOaWed WR 
GABAAR-PediaWed iQhibiWRU\ UeVSRQVeV [66]. 

DXUiQg aQd afWeU iVchePia, aVSaUWic acid (AVS) aQd 
gOXWaPaWe (GOX), Whe e[ciWaWRU\ QeXURWUaQVPiWWeUV (EAA), 
ZeUe UeOeaVed fURP QeXURQV aQd aVWURc\WeV, Zhich PighW 
cRQWUibXWe WR Whe SURgUeVViYe QeXUaO iQMXU\, eVSeciaOO\ fRU 
gOXWaPaWe [78]. IW aOVR haV beeQ UeSRUWed WhaW GO\ciQe 
(GO\), TaXUiQe (TaX) aQd Ȗ-aPiQRbXW\Uic acid (GABA) aUe 
iQhibiWRU\ QeXURWUaQVPiWWeUV (IAA), Zhich caQ iQhibiW Whe 
e[ceVV-acWiYiW\ Rf QeUYe ceOOV caXVed b\ EAA [79]. A VWXd\ 
dePRQVWUaWed WhaW baicaOiQ adPiQiVWUaWed befRUe iVchePia 
UeVWUaiQed Whe iQcUeaVe Rf e[WUaceOOXOaU AVS aQd GOX dXUiQg 
bUaiQ iVchePia aQd eaUO\ UeSeUfXViRQ aQd aOVR iQcUeaVed 
Whe cRQceQWUaWiRQ Rf GO\, TaX aQd GABA iQ ceUebURVSiQaO 
fOXid iQ MCAO UaW [33].  

IVchePic iQVXOWV RQ QeXURQV WUiggeU e[ceVViYe 
gOXWaPaWe UeOeaVe WhaW caXVeV aXgPeQWaWiRQ Rf Ca2+ 
UeVXOWiQg iQ e[ciWRWR[iciW\, Ca2+/caOPRdXOiQ (CaM)-
deSeQdeQW SURWeiQ NiQaVe II (CaMKII) SOa\V a Ne\ UROe iQ 
PediaWiQg VRPe Rf Whe biRchePicaO eYeQWV OeadiQg WR ceOO 
deaWh fROORZiQg aQ acXWe e[ciWRWR[ic iQVXOW [80]. CaMKII 
iQhibiWiRQ had SURWecWiYe effecWV RQ Whe QeXURQV agaiQVW aQ 
e[ciWRWR[ic iQVXOW. The effecWV Rf baicaOiQ RQ CaMKII ZeUe 
VWXdied iQ gORbaO ceUebUaO iVchePia/UeSeUfXViRQ iQ geUbiO 
aQd iQ cXOWXUed hiSSRcaPSaO aQd SH-SY5Y. The UeVXOWV 
VhRZed WhaW baicaOiQ UeYeUVed Whe in YiWro iVchePia-
iQdXced iQcUeaVe Rf Ca2+ iQ ceOOV aQd SUeYeQWed iQcUeaVed 
ShRVShRU\OaWiRQ OeYeOV Rf CaMKII iQdXced b\ iVchePia 
eiWheU in YiWro RU in YiYo [41].  

Georges MOUTON
Ecc

Georges MOUTON
Eciici i a e cibig fac dig icheia/eefi i, i hich dii f GABAegic aic aii a a ia e. Deceae f GABAAR-ediaed ihibi ee cibe he icheic daage.

Georges MOUTON
Dig ad afe icheia, aaic acid (A) ad gaae (G), he ecia eaie (EAA), ee eeaed f e ad ace, hich igh cibe he geie ea i, eecia f gaae

Georges MOUTON
I a ha bee eed ha Gcie (G), Taie (Ta) ad -aibic acid (GABA) ae ihibi eaie (IAA), hich ca ihibi he ece-acii f ee ce caed b EAA

Georges MOUTON
A d deaed ha baicai adiiaed befe icheia eaied he iceae f eacea A ad G dig bai icheia ad ea eefi ad a iceaed he cceai f G, Ta ad GABA i ceebia fid i MCAO a

Georges MOUTON
The e hed ha baicai eeed he in iro icheia- idced iceae f Ca2+ i ce ad eeed iceaed hhai ee f CaMKII idced b icheia eihe in iro in io

Georges MOUTON
Icheic i e igge eceie gaae eeae ha cae ageai f Ca2+ eig i eciici, Ca2+/cadi (CaM)- deede ei iae II (CaMKII) a a e e i ediaig e f he bicheica ee eadig ce deah fig a ace eciic i

Georges MOUTON
Peie ifea-aciaed ece (PPAR) i a igad-aciaed acii fac ha egae iid eabi ad gce heai. Aciai b i igad, PPAR acae f ca i ce egae gee acii. Niai f PPAR cae dfci f he acii fac b ihibiig i agi-iaed cea acai. PPAR i a ied i he c f ifaai, i aica i daig he dci f ifaa edia. Uig ea PPAR deficie ice ad PPAR agi, hed ha PPAR i e a a iiic ecie e i he bai agai icheia/eefi (I/R) i.

Georges MOUTON
Thi d a deaed ha he I/R-idced PPAR aeai a eeed b baicaei.

Georges MOUTON
Meahie, he eei f NOD2 ad TNF a deceaed 30 i afe baicai adiiai. Thi d hed baicai aed he e i eci f e daage, hich a igh eaed eei f he ae ecgii ece, eecia NOD2, i ie e

Georges MOUTON
T ebe f hi fai, NOD1 (Nd-ie ece 1) ad NOD2 (Nd-ie ece 2) ca cae ifaai ia aciai f he NF-B ad MAP iae aha. Maaia NOD2 ee fci a a cic e f he idci f ai

Georges MOUTON
Baicai cd d egae he eei f NOD2 ad TNF f he ce.



Liang W., et al                                                                                                    Effects of baicalin on cerebral ischemia 

Aging and Disease • Volume 8, Number 6, December 2017                                                                            859 
 

N-PeWh\O-daVSaUWic acid UeceSWRU (NMDARV), Whe 
PRVW iPSRUWaQW e[ciWaWRU\ aPiQR acid (EAA) UeceSWRU, iV 
a heWeURPeUic cRPSRViWe cRPSRVed b\ WhUee NiQdV Rf 
VXbXQiWV deVigQaWed aV NR1, NR2, aQd NR3, UeVSecWiYeO\. 
The XS-UegXOaWiRQ Rf NMDARV iQ QeXURQV cRQWUibXWed WR 
Whe iQcUeaVe Rf caVSaVe-3 acWiYiW\ b\ iQdXciQg Ca2+ iQfOX[ 
heaYiO\ [81]. ZhRX eW aO. PeaVXUed Whe e[SUeVViRQ Rf 
NMDAR1 iQ SH-SY5Y ceOOV afWeU gOXcRVe 
deSUiYaWiRQ/UeSeUfXViRQ (OGD/RO) iQdXced iQMXU\. The 
UeVXOWV VhRZed OGD/RO cRQWUibXWed WR Whe iQcUeaVe Rf 
NMDAR1 e[SUeVViRQ, ZhiOe SUeWUeaWPeQW ZiWh baicaOiQ 
cRXOd UeYeUVe WhiV SheQRPeQRQ. ThiV fiQdiQg aVVXPed WhaW 
Whe QeXURSURWecWiYe effecWV Rf baicaOiQ Pa\ be aVVRciaWed 
ZiWh Whe iQdiUecW iQhibiWiRQ Rf NMDAR iQdXced EAA 
WR[iciW\ [82].  
 
MLWRcKRQGULaO G\VIXQcWLRQ 
 
MiWRchRQdUia aUe Whe PaiQ SURdXcWiRQ ViWe fRU ATP iQ 
aQiPaO ceOOV. He eW aO. iQYeVWigaWed Whe effecW Rf VXbacXWe 
baicaOeiQ WUeaWPeQW (30 RU 100 Pg/Ng fRU 27da\V) RQ 
PiWRchRQdUiaO d\VfXQcWiRQ iQdXced b\ chURQic ceUebUaO 
h\SRSeUfXViRQ (CCR). BaicaOeiQ iQcUeaVed Whe UeVSiUaWiRQ 
cRQWURO UaWiR (RCR), Whe cRQVXPSWiRQ Rf ADP, aQd Whe 
SURdXcWiRQ Rf ATP. HRZeYeU, baicaOeiQ did QRW aOWeU Whe 
O2 cRQVXPSWiRQ [42]. The effecWV Rf baicaOeiQ aORQe (0.5-
5.0 �M) RQ PiWRchRQdUia iVROaWed fURP UaW bUaiQ ZeUe 
iQYeVWigaWed b\ Li eW aO. The aXWhRUV fRXQd WhaW baicaOeiQ 
iQdXced a decUeaVe iQ Whe aPRXQW Rf O2 cRQVXPed iQ VWaWe 
4 (UeVSiUaWiRQ RccXUUiQg iQ Whe abVeQce Rf ADP RU 
iQhibiWRU\ ageQWV) ZiWhRXW aOWeUiQg ATP SURdXcWiRQ, 
cRQVeTXeQWO\ iQcUeaViQg RCR aQd Whe PiWRchRQdUiaO P/O 
UaWiR [83].  
 
BORRG±bUaLQ baUULHU SHUPHabLOLW\ 
 
The bORRd±bUaiQ baUUieU (BBB) iV cUiWicaO WR cRQWURO Whe 
e[chaQge Rf PaWeUiaOV beWZeeQ Whe SeUiSheUaO ciUcXOaWiRQ 
aQd Whe ceQWUaO QeUYRXV V\VWeP (CNS), aQd YeU\ iPSRUWaQW 
VWUXcWXUe WR NeeS a hRPeRVWaViV eQYiURQPeQW fRU SURSeU 
fXQcWiRQ Rf CNS WiVVXe. CeUebUaO PicURYaVcXOaU 
eQdRWheOiaO ceOO Yia cRQQecWiQg ZiWh WighW MXQcWiRQ (TJ) 
cRPSOe[ iV Whe baVaO VWUXcWXUe Rf BBB [84]. OccOXdiQ iV 
Whe PRVW iPSRUWaQW WighW MXQcWiRQ SURWeiQ WR VeaO Whe WighW 
MXQcWiRQV aQd degUadaWiRQ Rf RccOXdiQ cRXOd iQdXce WR 
eQhaQce Whe BBB SeUPeabiOiW\ [85]. MaWUi[ 
PeWaOORSURWeiQaVeV (MMPV) iV a faPiO\ Rf SURWeRO\Wic 
eQ]\PeV, iQ Zhich MMP-9 iV UeOaWed WR degUade RccOXdiQ 
iQ Whe PicURYaVcXOaU ZaOO, UeVXOWiQg iQ aQ iQcUeaVe Rf Whe 
PicURYaVcXOaU SeUPeabiOiW\ aQd BBB diVUXSWiRQ afWeU 
iVchePic VWURNe [86]. TX eW aO. e[SORUed Whe effecW Rf 
baicaOiQ RQ Whe QeXURQaO daPage, bUaiQ edePa aQd BBB 
SeUPeabiOiW\, WheQ fXUWheU iQYeVWigaWed iWV SRWeQWiaO 
PechaQiVPV. IQ WhiV VWXd\, baicaOiQ ZaV adPiQiVWeUed b\ 

iQWUaSeUiWRQeaO iQMecWiRQ WZice aW 2 aQd 12 h afWeU MCAO 
iQ UaWV. BBB SeUPeabiOiW\ ZaV PeaVXUed 24 h fROORZiQg 
MCAO. E[SUeVViRQ Rf MMP-9 SURWeiQ aQd PRNA ZeUe 
deWeUPiQed b\ ZeVWeUQ bORW aQd RT-PCR, UeVSecWiYeO\. 
E[SUeVViRQ Rf RccOXdiQ ZaV deWecWed b\ ZeVWeUQ bORW. The 
UeVXOWV VhRZed WhaW BBB SeUPeabiOiW\ ZeUe VigQificaQWO\ 
UedXced b\ baicaOiQ. EOeYaWed e[SUeVViRQ Rf MMP-9 
SURWeiQ aQd PRNA ZeUe VigQificaQWO\ dRZQ-UegXOaWed b\ 
baicaOiQ adPiQiVWUaWiRQ aQd MCAO caXVed Whe decUeaVed 
e[SUeVViRQ Rf RccOXdiQg, Zhich ZaV VigQificaQWO\ XS-
UegXOaWed b\ baicaOiQ adPiQiVWUaWiRQ. ThiV VWXd\ VXggeVWed 
WhaW baicaOiQ cRXOd iQhibiW MMP-9 e[SUeVViRQ aQd MMP-
9-PediaWed RccOXdiQ degUadaWiRQ aQd WhXV SURWecW fURP 
iVchePia iQMXU\ iQ MCAO PRdeO [87].  

COaXdiQV aUe a faPiO\ Rf WUaQVPePbUaQe SURWeiQV WhaW 
caQ fRUP hRPRdiPeUV beWZeeQ QeighbRUiQg ceOOV. 
COaXdiQ-5 iV Whe PaiQ fRUP e[SUeVVed iQ ceUebUaO 
PicURYaVcXOaU eQdRWheOiaO ceOOV. The fXQcWiRQ Rf cOaXdiQV 
iQ Whe TJ cRPSOe[ iV WR OiPiW SaUaceOOXOaUiRQ PRYePeQW 
VeOecWiYeO\, aQd WhiV OeadV WR a high eOecWUicaO UeViVWaQce 
acURVV Whe baUUieU [88]. ZRQXOa RccOXdeQV (ZO) SURWeiQ iV 
abOe WR iQWeUacW ZiWh Whe C-WeUPiQaO eQd Rf WUaQVPePbUaQe 
SURWeiQV (e.g., cOaXdiQV aQd RccOXdiQ) iQ RUdeU WR cRQQecW 
WUaQVPePbUaQe SURWeiQV ZiWh Whe c\WRVNeOeWRQ. ZO SOa\V 
a YiWaO UROe iQ PaiQWaiQiQg Whe cRQWiQXiW\ aQd iQWegUiW\ Rf 
TJ [89]. The TJ SURWeiQV (e.g., cOaXdiQ-5, RccOXdiQ aQd ZO-
1) aUe ShRVShRSURWeiQV WhaW e[hibiW UaSid chaQgeV iQ WheiU 
ShRVShRU\OaWiRQ VWaWe. PhRVShRU\OaWed TJ SURWeiQV 
XQdeUgR UediVWUibXWiRQ, Zhich iV a cUiWicaO eYeQW OeadiQg WR 
chaQgeV iQ Whe adheViYe cRQWacWV beWZeeQ bUaiQ 
eQdRWheOiaO ceOOV. PKCV aUe a faPiO\ Rf VeUiQe/WhUeRQiQe 
NiQaVeV WhaW UegXOaWe a YaUieW\ Rf ceOO fXQcWiRQV, VRPe PKC 
iVRfRUPV haYe beeQ VhRZQ WR be cUiWicaO fRU Whe 
ShRVShRU\OaWiRQ Rf TJ SURWeiQV [90]. UQdeU h\SR[ic aQd 
SRVW-h\SR[ic UeR[\geQaWiRQ cRQdiWiRQV, PKC UegXOaWeV TJ 
diVaVVePbO\ [91]. ZhX eW aO. fRXQd WhaW afWeU 24 h Rf OGD, 
WUaQVcUiSWiRQ aQd e[SUeVViRQ Rf caOXdiQ-5 aQd ZO-1 iQ 
bUaiQ PicURYaVcXOaU eQdRWheOiaO ceOOV (BMVECV) ZaV 
VXSSUeVVed aQd Whe e[SUeVViRQ Rf PKC ZaV VigQificaQWO\ 
eQhaQced. ThiV iQcUeaVe iQ PKC e[SUeVViRQ Pa\ aOVR 
cRQWUibXWe WR Whe UeaUUaQgePeQW Rf TJ SURWeiQV VXch aV 
cOaXdiQ-5 aQd ZO-1 afWeU ShRVShRU\OaWiRQ, WheUeb\ 
UeVXOWiQg iQ daPage WR Whe BBB¶V baUUieU fXQcWiRQ. 
HRZeYeU, baicaOiQ WUeaWPeQW ZaV effecWiYe iQ SURPRWiQg 
Whe WUaQVcUiSWiRQ aQd e[SUeVViRQ Rf cOaXdiQ-5 aQd ZO-1 
aQd decUeaVed Whe OeYeO Rf PKC iQ eQdRWheOiaO ceOOV aQd 
UedXced Whe ShRVShRU\OaWiRQ Rf TJ SURWeiQV XQdeU h\SR[ic 
VWUeVV. TheVe UeVXOWV VXggeVWed WhaW baicaOiQ iV caSabOe Rf 
UeVWRUiQg Whe baUUieU fXQcWiRQ Rf Whe BBB XQdeU iVchePic 
cRQdiWiRQV aQd WhiV beQeficiaO effecW Pa\ be OiQNed WR Whe 
decUeaVed e[SUeVViRQ aQd ShRVShRU\OaWiRQ Rf TJ SURWeiQV 
[92].  
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CHOOXOaU WR[LcLW\ RI WKURPbLQ 
 
CeOOXOaU WR[iciW\ Rf WhURPbiQ haV beeQ UeSRUWed WR be 
VWURQgO\ aVVRciaWed ZiWh Whe QeUYe iQMXU\ VecRQdaU\ WR 
ceUebUaO iVchePia aV WhURPbiQ cRXOd iQWeUacW ZiWh Whe 
SURWeaVe-acWiYaWed UeceSWRU-1 (PAR-1) iQ bUaiQ WiVVXeV. 
PURWeaVe-acWiYaWed UeceSWRUV (PARV) beORQg WR a 
VXSeUfaPiO\ Rf VeYeQ-WUaQVPePbUaQe dRPaiQ G-SURWeiQ 
cRXSOed UeceSWRUV. FRXU VXbW\SeV Rf PAR PePbeUV (PAR-
1, 2, 3 aQd 4) haYe beeQ ideQWified, aPRQg Zhich PAR-1 
haV beeQ UeSRUWed WR be cRPPRQO\ diVWUibXWed iQ Whe 
ceUebUaO cRUWe[, VWUiaWXP, h\SRWhaOaPXV, hiSSRcaPSXV 
aQd ceUebeOOXP [93]. A VWXd\ SeUfRUPed iQ adXOW PaOe 
SSUagXe-DaZOe\ UaWV iQdicaWed WhaW WhURPbiQ iV iQYROYed 
iQ Whe ceUebUaO iVchePic UeSeUfXViRQ iQMXU\ WhURXgh 
acWiYaWiQg PAR-1. SRPe VWXdieV SeUfRUPed iQ QXOO Pice 
iQdicaWed WhaW PAR1 iQcUeaVed iQfaUcW YROXPe aQd caXVed 
QeXURQaO daPage afWeU WUaQVieQW fRcaO ceUebUaO iVchePia 
aQd cRPbiQed ceUebUaO h\SR[ia/iVchePia [94]. ZhRX eW aO. 
fRXQd WhaW baicaOiQ QRW RQO\ cRXOd VigQificaQWO\ decUeaVe 
Whe QeXURORgicaO VcRUe, bXW aOVR dRZQ-UegXOaWed Whe OeYeOV 
Rf PAR-1 PRNA, PAR-1 aQd CaVSaVe-3 afWeU ceUebUaO 
iVchePic UeSeUfXViRQ iQMXU\ iQ a MCAO UaWV PRdeO. TheVe 
UeVXOWV dePRQVWUaWed WhaW baicaOiQ PighW aWWeQXaWe fRcaO 
ceUebUaO iVchePic UeSeUfXViRQ iQMXU\ WhURXgh iQhibiWiRQ Rf 
PAR-1 aQd iWV aSRSWRViV [95].  
 
RHJXOaWLRQV RI HSP70 H[SUHVVLRQ 
 
The heaW VhRcN SURWeiQV (HSPV) aUe XbiTXiWRXV aQd highO\ 
cRQVeUYed PROecXOaU chaSeURQeV Zhich aUe QeceVVaU\ fRU 
Whe SURSeU fROdiQg Rf SURWeiQV. HSP70 iV Whe PaMRU 
PePbeU Rf HSP faPiO\ aQd haV SURWecWiYe effecWV fRU Whe 
ceOOV, becaXVe Rf SURWecWiQg SURWeiQV fURP PaOfROdiQg. 
DXUiQg ceUebUaO iVchePia iQMXU\, RYeUe[SUeVViRQ Rf 
HSP70 cRXOd dUaPaWicaOO\ SURWecW Whe QeXURQ [96]. Dai eW 
aO. fRXQd WhaW gORbaO iVchePia UeVXOWed iQ a dUaPaWic 
decUeaVe Rf HSP70 SURWeiQ e[SUeVViRQ iQ geUbiO 
hiSSRcaPSXV, ZhiOe baicaOiQ WUeaWPeQW VigQificaQWO\ 
iQcUeaVed HSP70 iQ Whe bUaiQ Rf geUbiOV ZiWh iVchePia. 
TheVe UeVXOWV VXggeVW WhaW eQhaQcePeQW iQ Whe e[SUeVViRQ 
Rf HSP70 SURWeiQ Pa\ be iQYROYed iQ baicaOiQ¶V 
QeXURSURWecWiRQ agaiQVW iVchePia/UeSeUfXViRQ iQMXU\ [66].  
 
RHJXOaWLRQV RI bUaLQ-GHULYHG QHXURWURSKLc IacWRU 
H[SUHVVLRQ 
 
BDNF iV RQe Rf Whe PRVW iPSRUWaQW QeXURWURShic facWRUV 
Zhich SURPRWeV QeXURQaO VXUYiYaO aQd SUeYeQW ceOO 
daPage fROORZiQg WUaQVieQW fRUebUaiQ iVchePia [97]. IQ a 
geUbiO gORbaO ceUebUaO iVchePia/UeSeUfXViRQ iQMXU\ PRdeO, 
CaR eW aO. e[aPiQed Whe PRNA aQd SURWeiQ e[SUeVViRQV Rf 
BDNF iQ iVchePic hiSSRcaPSXV b\ UeaO-WiPe RT-PCR 
aQd WeVWeUQ bORW, UeVSecWiYeO\ aQd fRXQd WhaW WUeaWPeQW 

ZiWh baicaOiQ UePaUNabO\ SURPRWed Whe e[SUeVViRQ Rf 
BDNF aW PRNA aQd SURWeiQ OeYeOV [46]. 
 
AGXOW QHXURJHQHVLV 
 
EQdRgeQRXV QeXUaO VWeP/SURgeQiWRU ceOOV (NPCV) Pa\ be 
WheUaSeXWic WaUgeWV fRU SURPRWiQg adXOW QeXURgeQeViV, 
bUaiQ SOaVWiciW\ aQd UeSaiU fRU Whe WUeaWPeQWV Rf VWURNe [98]. 
PRVW-iVchePic bUaiQV haYe Whe SRWeQWiaO WR VWiPXOaWe 
SUROifeUaWiRQ aQd diffeUeQWiaWiRQ Rf NPCV aQd WR iQdXce 
diUecW PigUaWiRQ Rf QeXURQaO SUecXUVRUV WRZaUd iVchePic 
aUeaV, OeadiQg WR UeSOacePeQW Rf daPaged QeXURQV [99]. 
The deciViRQ Rf ceOO faWe iQWR QeXURQV RU gOia ceOOV iV RQe 
Rf Whe cUiWicaO VWeSV. BRWh JaQXV NiQaVe/ VigQaO WUaQVdXceU 
aQd acWiYaWRU Rf WUaQVcUiSWiRQ 3 (JaN/VWaW3) aQd baVic 
heOi[±ORRS±heOi[ (bHLH) geQe faPiOieV aSSeaU WR SOa\ a 
cUiWicaO UROe iQ Whe deciViRQV Rf ceOO faWeV dXUiQg Whe 
diffeUeQWiaWiRQ Rf QeXUaO VWeP ceOOV. JaN/VWaW3 cRXOd 
PaiQWaiQ Whe SURSagaWiRQ aQd SOXUiSRWeQc\ Rf ePbU\RQic 
VWeP ceOOV [100]. The bHLH geQe faPiO\ iQcOXdeV Whe 
UeSUeVVRU-W\Se aQd Whe acWiYaWRU-W\Se geQeV. HaiU\ 
eQhaQceU Rf VSOiW 1 (HeV1) iV a UeSUeVVRU-W\Se bHLH geQe, 
Zhich iV e[SUeVVed iQ diffeUeQWiaWiQg aVWURc\WeV iQ bUaiQ 
aQd Whe e[SUeVViRQ Rf HeV1 SOa\V a cUiWicaO UROe iQ Whe 
fRUPaWiRQ Rf aVWURc\WeV [101]. MaVh1 aQd NeXURD1 aUe 
acWiYaWRU-W\Se bHLH geQeV, Zhich aUe e[SUeVVed iQ 
diffeUeQWiaWiQg QeXURQV [102]. The effecWV Rf baicaOiQ RQ 
QeXURQaO diffeUeQWiaWiRQ Rf NPCV ZeUe VWXdied RQ 
ePbU\RQic NPCV fURP Whe cRUWe[ Rf E15±16 UaWV. The 
NPCV ZeUe WUeaWed ZiWh baicaOiQ (2, 20 ȝM) fRU 2 h aQd 7 
da\V. NeXURQaO aQd gOiaO diffeUeQWiaWiRQV ZeUe ideQWified 
ZiWh PaWXUe QeXURQaO PaUNeU PicURWXbXOe aVVRciaWed 
SURWeiQ (MAP-2) aQd gOiaO PaUNeU GOiaO fibUiOOaU\ acidic 
SURWeiQ (GFAP) iPPXQRVWaiQiQg fOXRUeVceQW PicURVcRS\ 
UeVSecWiYeO\. PhRVShRU\OaWiRQ Rf VWaW3 (S-VWaW3) aQd 
e[SUeVViRQV Rf bHLH faPiO\ geQeV iQcOXdiQg MaVh1, 
HeV1 aQd NeXURD1 ZeUe deWecWed ZiWh iPPXQe-
fOXRUeVceQW PicURVcRS\ aQd WeVWeUQ bORW aQaO\ViV. The 
UeVXOWV UeYeaOed WhaW baicaOiQ WUeaWPeQW iQcUeaVed Whe 
SeUceQWageV Rf MAP-2 SRViWiYe VWaiQiQg ceOOV aQd 
decUeaVed GFAP VWaiQiQg ceOOV. MeaQZhiOe, baicaOiQ 
WUeaWPeQW dRZQ-UegXOaWed Whe e[SUeVViRQ Rf S-VWaW3 aQd 
HeV1, bXW XS-UegXOaWed Whe e[SUeVViRQV Rf NeXURD1 aQd 
MaVh1. ThRVe UeVXOWV iQdicaWed WhaW baicaOiQ caQ SURPRWe 
Whe QeXUaO diffeUeQWiaWiRQ bXW iQhibiW gOiaO fRUPaWiRQ aQd 
iWV QeXURgeQeViV-SURPRWiQg effecWV aUe aVVRciaWed ZiWh Whe 
PRdXOaWiRQV Rf VWaW3 aQd bHLH geQeV iQ QeXUaO 
VWeP/SURgeQiWRU ceOOV [103].  
 
PKaUPacRORJLcaO VLJQaOLQJ SaWKZa\ QHWZRUNV aQaO\VLV 
 
GeQe e[SUeVViRQ SURfiOiQg iV Whe PeaVXUePeQW Rf Whe 
acWiYiW\ (Whe e[SUeVViRQ) Rf WhRXVaQdV Rf geQeV aW RQce, WR 
cUeaWe a gORbaO SicWXUe Rf ceOOXOaU fXQcWiRQ. A high-deQViW\ 
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cDNA PicURaUUa\ ZaV XVed WR e[SORUe Whe diffeUeQWiaO 
geQe e[SUeVViRQ aQd Whe ShaUPacRORgicaO PechaQiVP Rf 
baicaOiQ iQ fRcaO ceUebUaO iVchePia iQ MCAO UaWV. GeQe 
e[SUeVViRQ ZaV dePRQVWUaWed XViQg a ³BiRVWaU40S´ geQe 
PicURaUUa\. SePi-TXaQWiWaWiYe UeYeUVe WUaQVcUiSWiRQ-
SRO\PeUaVe chaiQ UeacWiRQ (RT-PCR) ZaV XVed WR YeUif\ 
Whe UeVXOW Rf Whe VeOecWed geQeV. ReVXOWV VhRZed WhaW 
baicaOiQ UedXced Whe iQfaUcWiRQ aUeaV iQ fRcaO ceUebUaO 
iVchePia UaWV aQd 89 geQeV VhRZed iQcUeaVed e[SUeVViRQ 
aQd 88 geQeV ViPXOWaQeRXVO\ VhRZed decUeaVed 
e[SUeVViRQ. TheVe geQeV aUe iQYROYed iQ PeWabROiVP, 
VigQaO WUaQVdXcWiRQ, ceOO RUgaQi]aWiRQ, UeVSRQVeV WR VWUeVV, 
aQd WUaQVcUiSWiRQ UegXOaWRUV.  
 
MeWabRO 
 
MeWabROiVP-UeOaWed geQeV VhRZed SURPiQeQW chaQgeV iQ 
e[SUeVViRQ. TheVe iQcOXded ADP-UibRV\OaWiRQ facWRU, 
eQROaVe, adeQiQe ShRVShRUibRV\O WUaQVfeUaVe, aQd 
SaOPiWR\O-SURWeiQ WhiReVWeUaVe. IQ addiWiRQ, hiVWaPiQe 
NPeWh\O WUaQVfeUaVe ViPXOWaQeRXVO\ VhRZed decUeaVed 
e[SUeVViRQ. The OaUgeVW iQcUeaVeV iQ e[SUeVViRQ ZeUe 
VhRZQ b\ geQeV iQYROYed iQ SURWeiQ W\URViQe ShRVShaWaVe 
UeceSWRU W\Se D aQd UeceSWRU W\Se A. S100 caOciXP 
biQdiQg SURWeiQ A9 aOVR VhRZed SURPiQeQW chaQgeV. IQ 
addiWiRQ, Whe e[SUeVViRQ Rf SURWeiQ NiQaVe C-biQdiQg 
SURWeiQ ZeWa aQd VXUfacWaQW-aVVRciaWed SURWeiQ decUeaVed. 
PURWeiQ NiQaVe iV cRQWUROOed b\ VSecific biQdiQg SURWeiQV, 
Zhich aUe beOieYed WR VeTXeVWeU each W\Se Rf NiQaVe WR Whe 
UegiRQ Rf a QeXURQ, VXch aV Whe SRVWV\QaSWic VSeciaOi]aWiRQ 
RU ceOO QXcOeXV, UeTXiUed fRU iWV fXQcWiRQ [104]. The SURWeiQ 
NiQaVe C biQdiQg SURWeiQ ZeWa iV RQe Rf WheVe SURWeiQV. 
AUachidRQic acid eSR[\geQaVe, aQ adaSWeU SURWeiQ Rf Whe 
SURVWagOaQdiQ aQd OeXNRWUieQe faPiO\ Rf iQWUaceOOXOaU 
PeVVeQgeUV, aOVR aSSeaUV WR SOa\ aQ iPSRUWaQW UROe iQ Whe 
UegXOaWiRQ Rf VigQaO WUaQVdXcWiRQ iQ Whe bUaiQ aQd 
eOVeZheUe [105]. The e[SUeVViRQ Rf QXcOeROaU 
ShRVShRSURWeiQ S130, aQ adaSWeU SURWeiQ WhaW SaUWiciSaWeV 
iQ QXcOeROaU diVaVVePbO\ aQd ceOO c\cOe, decUeaVed. IQ 
addiWiRQ, SeUR[iVRPaO PePbUaQe SURWeiQ VhRZed 
iQcUeaVed e[SUeVViRQ RYeU WhiV iQWeUYaO. TZR geQeV UeOaWed 
WR Whe WUaQVcUiSWiRQ UegXOaWRU ZeUe aOWeUed. TheVe ZeUe 
VSOiceRVRPe aVVRciaWed SURWeiQ aQd DNA SUiPaVe. 
DiffeUeQWiaO geQe e[SUeVViRQ VhRZed WhaW baicaOiQ SOa\ed 
aQ iPSRUWaQW UROe iQ ceOO VigQaO WUaQVdXcWiRQ aQd SURWeiQ 
ShRVShRU\OaWiRQ afWeU MCAO, aQd PighW acW aV a QeXURQaO 
SURWecWaQW [11].  

PURWeRPicV iV aQ efficieQW PeWhRd fRU Whe 
iQYeVWigaWiRQ Rf e[SUeVViRQ OeYeOV Rf PXOWiSOe SURWeiQV 
V\QchURQRXVO\. ZhaQg eW aO. aSSOied SURWeRPicV WR 
iQYeVWigaWe Whe diffeUeQW SURWeiQ e[SUeVViRQ PRdeV iQ Pice 
bUaiQV afWeU PiddOe ceUebUaO aUWeU\ RccOXViRQ (MCAO) 
ZiWh RU ZiWhRXW adPiQiVWUaWiRQ Rf baicaOiQ. TZeQW\-fRXU 
SURWeiQV Zhich had a 3-fROd chaQge iQ abXQdaQce 

cRPSaUed WR Whe VhaP cRQWURO VaPSOe ZeUe VeOecWed WR be 
ideQWified. GeQe OQWRORg\ aQaO\ViV OiQNed WheVe SURWeiQV 
WR fifWeeQ biRORgicaO SURceVVeV, iQcOXdiQg ceOOXOaU SURceVV, 
deYeORSPeQWaO SURceVV aQd biRORgicaO UegXOaWiRQ. WheQ 
cRPSaUiQg Whe diffeUeQW SURWeiQ e[SUeVViRQ PRdeV 
beWZeeQ baicaOiQ WUeaWPeQW MCAO gURXS aQd QRQ-dUXg 
WUeaWPeQW MCAO gURXS, Whe UeVXOWV VhRZed WhaW baicaOiQ 
ZaV effecWiYe iQ UegXOaWiQg Whe SURWeiQ e[SUeVViRQV. 
PURWeiQV iQ Whe eQeUg\ PeWabROiVP V\VWeP ZeUe UegXOaWed 
beWWeU WhaQ QeXURgeQeViV aQd aSRSWRViV [106]. 

SeYeUaO cRQWePSRUaU\ aQaO\WicaO WRROV haYe beeQ 
deYeORSed WR deWeUPiQe WUeQdV aQd WR aVViPiOaWe aQd 
YiVXaOi]e PROecXOaU iQWeUacWiRQ daWa. TheVe WRROV, cRXSOed 
ZiWh cRPSXWeUi]ed daWabaVeV, aOORZ a beWWeU 
XQdeUVWaQdiQg Rf Whe geQe iQWeUacWiRQV WhaW cXPXOaWiYeO\ 
affecW iPSRUWaQW biRORgicaO SaWhZa\V. IQ RUdeU WR 
XQdeUVWaQd Whe VigQaOiQg QeWZRUN SaWhZa\V aVVRciaWed 
ZiWh baicaOiQ-UeOaWed biRORgicaO effecWV. MCAO-iQdXced 
Pice UeceiYed baicaOiQ 5Pg/Kg, cRQWUROV UeceiYed YehicOe 
RQO\. FROORZiQg iVchePia-UeSeUfXViRQ, AUUa\ TUacN 
aQaO\]ed Whe ZhROe geQRPe PicURaUUa\ Rf hiSSRcaPSaO 
geQeV (16,463 genes), aQd MeWaCRUe aQaO\]ed 
diffeUeQWiaOO\ e[SUeVVed geQeV. EQUichPeQW aQaO\ViV 
ideQWified 10 VigQificaQW biRORgicaO SURceVVeV iQ baicaOiQ 
aQd cRQWUROV. Of Whe 10 PRVW VigQificaQW PROecXOaU 
fXQcWiRQV, 7 ZeUe cRPPRQ WR baicaOiQ aQd cRQWUROV, aQd 3 
RccXUUed iQ baicaOiQ. ReVXOWV VhRZed WhaW baicaOiQ 
SaWhZa\V PRVW aSSaUeQWO\ iQfOXeQced b\ geQe e[SUeVViRQ 
ZeUe aVVRciaWed ZiWh c\WRVNeOeWRQ UePRdeOiQg, ceOOXOaU 
deYeORSPeQW, VaVcXOaU eQdRWheOiaO gURZWh facWRU (VEGF) 
VigQaOiQg Yia VEGF UeceSWRU 2, aQd TXPRU gURZWh facWRU 
(TGF)-beWa-deSeQdeQW eSiWheOiaO±PeVeQch\PaO WUaQViWiRQ 
(EMT) iQdXcWiRQ Yia MAPK. BaicaOiQ WUeaWPeQW iQdXceV 
geQe e[SUeVViRQ WhaW QRW RQO\ SUeYeQWV aSRSWRViV bXW aOVR 
SURPRWeV ROigRdeQdURc\We VXUYiYaO aQd P\eOiQaWiRQ 
VigQaOiQg. IW ZaV aOVR fRXQd WhaW baicaOiQ acWed RQ caOciXP 
iRQ (Ca2+)-deSeQdeQW VigQaOiQg caVcadeV, VhRZQ WR SOa\ a 
QeXURSURWecWiYe UROe iQ ceUebUaO iVchePia b\ 
VigQaOOiQgCa2+/CaM deSeQdeQW ERK acWiYaWiRQ. 
TUeaWPeQW ZiWh baicaOiQ ZaV VhRZQ WR iQcUeaVe Whe 
QeWZRUN SURceVVeV fRU Whe aQWi-aSRSWRWic S21 aQd PRWheUV 
agaiQVW decaSeQWaSOegic hRPRORg 3 (SMAD3). BaicaOiQ 
acWiYaWiRQ Rf Whe c\cOiQD-SMAD3-TGF beWa QeWZRUN 
SaWhZa\ Pa\ iPSURYe ZRXQd heaOiQg afWeU ceUebUaO 
iVchePia. IQ geQeUaO, WhiV VWXd\ VhRZed WhaW Whe cOiQicaO 
effecWiYeQeVV Rf baicaOiQ ZaV baVed RQ Whe cRPSOePeQWaU\ 
effecWV Rf PXOWiSOe SaWhZa\V aQd QeWZRUNV [107].  
. 
TKH GLIIHUHQcH bHWZHHQ baLcaOLQ aQG baLcaOHLQ RQ 
QHXURSURWHcWLYH HIIHcWV 
 
BaicaOeiQ iV aQ agO\cRQ deUiYaWiYe fURP baicaOiQ. NRW RQO\ 
WheUe aUe VWUXcWXUaO ViPiOaUiWieV beWZeeQ WheVe WZR 
fOaYRQRidV, bXW aOVR, Whe\ caQ cRQYeUW WR each RWheU dXUiQg 
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Whe PeWabROiVP iQ Whe bRd\. HRZeYeU, baicaOiQ aQd 
baicaOeiQ VWiOO e[eUW diffeUeQW effecWV RQ QeXURQaO ceOOV. GaR 
eW aO. VWXdied Whe effecWV Rf fRXU PaMRU fOaYRQRidV SUeVeQW 
iQ ScXWellaria baicalenViV Georgi RQ h\dURgeQ SeUR[ide-
iQdXced QeXURQaO ceOO daPage RQ hXPaQ QeXURbOaVWRPa 
SHSY5Y ceOOV aQd fRXQd WhaW baicaOeiQ RffeUed Whe 
VWURQgeVW SURWecWiRQ agaiQVW H2O2-PediaWed c\WRWR[iciW\. 
OQ Whe RWheU haQd, Whe fOaYRQRidV aW high cRQceQWUaWiRQV 
e[hibiWed high WR[iciW\ WR SH-SY5Y ceOOV, Whe 
cRQceQWUaWiRQV fRU 50% ceOO deaWh Rf baicaOeiQ aQd 
baicaOiQ ZeUe 320 aQd 390 �M, UeVSecWiYeO\ [108]. IQ 
aQRWheU VWXd\, Whe QeXURSURWecWiYe effecWV Rf baicaOiQ aQd 
baicaOeiQ agaiQVW gOXWaPaWe/NMDA (GOX/NMDA) 
VWiPXOaWiRQ aQd gOXcRVe deSUiYaWiRQ ZeUe iQYeVWigaWed iQ 
SUiPaU\ cXOWXUed UaW bUaiQ QeXURQV. IW ZaV fRXQd WhaW bRWh 

baicaOiQ aQd baicaOeiQ VigQificaQWO\ UedXced GOX/NMDA-
iQcUeaVed LDH UeOeaVe, iQ Zhich baicaOeiQ iV PXch PRUe 
SRWeQW WhaQ baicaOiQ aQd RQO\ baicaOeiQ did PRdeUaWeO\ 
decUeaVe GOX/NMDA-iQdXced QiWUic R[ide SURdXcWiRQ. IQ 
Whe gOXcRVe deSUiYaWiRQ (GD) VWXd\, baicaOeiQ bXW QRW 
baicaOiQ VhRZed VigQificaQW SURWecWiYe effecWV RQ Whe GD-
iQcUeaVed LDH UeOeaVe iQ cXOWXUed UaW bUaiQ QeXURQV. 
TheVe UeVXOWV VXggeVW WhaW baicaOeiQ iV beWWeU WhaQ baicaOiQ 
iQ SUeYeQWiQg QeXURWR[iciW\ iQdXced b\ bRWh gOXWaPaWe 
aQd GD [109]. Li eW aO aOVR cRQfiUPed WhaW baicaOeiQ 
e[hibiWed higheU WR[iciW\ WR QRUPaO PC12 ceOOV, aQd iW aOVR 
VhRZed VWURQgeU SURWecWiYe effecW iQ PC12 ceOO ZiWh 
R[\geQ-gOXcRVe deSUiYaWiRQ WhaQ baicaOiQ [40].  
 

 

 
 
FLJXUH 2. TKH QHXURSURWHcWLYH HIIHcWV RI baLcaOHLQ aQG baLcaOLQ. 
 

CRQcOXVLRQ 
 
TUadiWiRQaO ChiQeVe PediciQe iV RQe Rf Whe ZRUOd'V ROdeVW 
dRcXPeQWed PedicaO V\VWePV baVed RQ heUbaO UePedieV. 
ScXWellaria baicalenViV, Whe PRVW ZideO\ XVed heUb, haV 
beeQ iQ XVe fRU WhRXVaQdV Rf \eaUV. BaicaOiQ aQd iWV 
agO\cRQ baicaOeiQ aUe Whe SUiQciSaO cRPSRQeQWV fRXQd 
aPRQg RWheU fOaYRQRid deUiYaWiYeV iQ Whe URRWV Rf 
ScXWellaria baicalenViV Georgi. AbXQdaQW VcieQWific 
eYideQce VhRZV WhaW Whe QeXURQaO SURWecWiYe effecWV Rf 

baicaOiQ aQd baicaOeiQ aUe UeOaWed WR aQWi-R[idaQW, aQWi-
aSRSWRWic, aQWi-iQfOaPPaWRU\ aQd aQWi-e[ciWRWR[iciW\ 
effecWV, SURWecWiRQ Rf Whe PiWRchRQdUia, SURPRWiRQ Rf 
QeXURQaO SURWecWiYe facWRUV e[SUeVViRQ aQd adXOW 
QeXURgeQeViV aQd RWheU facWRUV (Fig. 2). AV Whe PXOWi-WaUgeW 
QeXURSURWecWiYe ageQWV, fXUWheU YigRURXV UeVeaUch, 
iQcOXdiQg eQhaQcePeQW Rf Whe biRaYaiOabiOiW\ aQd cOiQicaO 
UeVeaUch RQ iVchePic VWURNe, iV Qeeded. TheVe VXbVWaQceV 
caQ aOVR be XVed aV OeadiQg cRPSRXQdV WR deYeORS SRWeQW 
QRYeO QeXURSURWecWiYe ageQWV. AccRUdiQg WR Whe SXbOiVhed 
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daWa cROOecWed iQ WhiV UeYieZ, Ze caQ UeaVRQabO\ VSecXOaWe 
WhaW VRPe Rf Whe effecWV aUe diUecW aQd VRPe aUe iQdiUecW. 
TR iPSURYe Whe efficac\ Rf QeXURSURWecWiRQ, Ze PXVW 
cOeaUO\ XQdeUVWaQd Whe WaUgeWV Rf WheVe effecWV. ReceQWO\, 
biRiQfRUPaWicV aQd cRPSXWeU-aided dUXg diVcRYeU\/deVigQ 
PeWhRdV haYe SOa\ed a PaMRU UROe iQ Whe deYeORSPeQW Rf 
WheUaSeXWicaOO\ iPSRUWaQW VPaOO PROecXOeV. We VXggeVW 
WhaW Whe e[acW ShaUPacRORgicaO WaUgeWV Rf baicaOiQ aQd 
baicaOeiQ fRU QeXURSURWecWiRQ ZRXOd be cOaUified ZiWh Whe 
aid Rf biRiQfRUPaWicV PeWhRdV, aQd WheQ Ze cRXOd deVigQ 
aQd deYeORS PRUe effecWiYe QeXURSURWecWiYe ageQWV 
accRUdiQgO\. 
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