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ABSTRACT 

?-,;euroinOammation is the h:tllmnrt of neurodegencrauvc diseases \\hich, cnuses demcnti11 nnd 

ata.'Oa reducing the: qU31ity of life in the aged population. Con, cntionnl trcannents ore not \'t'ry 

cffecti,c m t:J.rgeung the underlying p;ithology of the dis�s .\loringa olcifera (�10) has been 

used for centuries to ucat a variety of diseases whose p:ithogencsis ho\'e Intel) been cstoblishcd to 

be inOnmmatory. The study \\'DS designed to e, aluate the ontincuroinOrunmotorJ mechanisms of 

ethanol extract of lv!O leovcs (E�IOL). 

,\foriuga oltifera oblllincd from a domestic garden at Ojoo lbadon ,,ns authcntrc,1tcd ot forest 

Hcrborium lbodw1 ,vith voucher number FHI 109601. Puhcrized lca,es (500 g) of \10 ,,ere 

extmcted by maceration in 50% aqueous ethanol at room temperature. T,,cnty-live s,,1ss male 

mice (18-22 g) ,,ere allotted into 5 tn:;1UOent groups (n=.5): 5}, r,,cen80 (10 mUkg), E�IOL (250, 

500, 1000 ond 2000 mgll.g) were used for central ncr\'ous S)'Stem studies. In Lipopolysocchnride 

(LPS) cogniti,c deficit (LCD), thirty mole n1ice were distributed into groups 1-5 (nw6) ond treated 

ornlly for 7 days: 5¾ r,,een80 (10 mUkg), LPS and Elv!OL (100, 200, 400 n1g/kg) before 

introperitoncol adminislJ'lltion of 250 µg/kg LPS to groups 2-5. The LCD ,vns assessed b> Y-n1:v.e 

test. The Elv10L \\'IIS partitioned into 20%, 50%, 80% nnd I 00% methanol frncuons (F:lO, fSO, 

F80, and FIOO), rcspectivcl)'. Dioac11vities of the fractions ,,ere e ,aluatcd using �ITT and nitnte 

assays. The FSO \\"llS further purified to isolate compounds using HPLC, 1H l\�!R wid Ile N�IR.

lsolotcd compounds ,,ere screened by �ITT assay in the presence of compounds on murinc 

m1crocJio (DV-2) and nucroph:igcs (RA \V 264.7). Lipopolysoccbarides ,,us used to induce 

inOrun,notion either in the presence and absence of various EMOL (100, ISO nnd 200 µrfml,), 

fractions (12.5, 25 nnd 50 µrfmL) nnd three compounds (12.5, 12.5 and 25µNI) 1n BV-2 cells. 

Nitric oxide (NO), cytokinc (TNF-u) and PGE2 production \\l!re C\'oluotcd in the supcm:itnntS 

using spectrophotometry and ELISA. Expression of C)Cloox)genasc-2 (COX-2), inducible nitric 

oxide (iNOS) Md p38 proteins ,,crc determined using western blots. The clTect of the isolated 

compounds on NF-KB trans:icti\'ation ,va.s c, ·aluatcd using luciferose rcponer gene as.say. Daw

were onalysed using dcscnptivc statistics ond ANO\/ A at a 001

TI1c E�IOL (100-400 mr/).g) significnntl)· 1ncl'CilSCd �,. oltcmntion in LCD (61.55-+-I 162. 

59.68J:l.9-48, 64.25:J:l.938) comp:!rcd ,vith LPS (49.13:1:1.225) The �ITT QSS3) re ,·clllcd t.hot 

E�IOL, f111ctions (F20 and 1'50) ond the compounds (koempfi:rol, qucn:ctin nnd ruun). hod no 
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effect on vw,ilil) of B\1-2 and RA\\ 264 7 cells. The E.\IOL (150 1111d 200 µg mL) o.nd 

kacmpferol (12.5 µ.\I) significantlJ reduced NO (43.8:!±-t23. 3S6&±12.71). (16J9±1.48): PGEz 

(45.0S±IJO, 59J0±3.20). (51.73±1.48), and Th'f-a (57.67:2 38. 60.43.,:..8.07). (42.31:i:5.1) 

compared \\ilh LPS. K.a.empferol. querccun and rutin inhibited COX-2 and iNO� protean 

cxp,essions in LPS stimulated BV-2 cells. Kaempfm>I. qucrcctin ond rutin sign1fic:intl) reduced 

NF-KB trunseriptioDD.i octiwtion (40.49±10.01, 20.74:r.7.54, 4168.:c.832) 1n IIEK '.!93 cells 

compared \vith TNF-<1. and o.lso sigrufiamtly inhibited p-38 c.,pression {58.06..,; I 8.17, 

52.78:::11.81, 26.86::3.96) in RA \V 264 7 cells. respecti,cl). 

The nntinemninOoromatory cITec1 of ,\lorfnga oltiftra lt:1,cs \\as mediated ,in inhibition of p-38 

pro1cin expression_ nuclear foctor Lopp:i-B tranSlttivntion and tumor necrosi:. foctor-a release 

Ke)'lvords: Moringa oltifuo, Antincuroinflnnun:11ory effect.. Cycloo:1.1•genase, Cognitive deficit 

\Vord count: 497 
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STAT 
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TCR 

TIR 
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TRKO 

VCAJvl.-1 

mitogeo-acti vated protein kinase 

macrophage colony-stimulating factor 

myeloid differentiation factor 

major histocompatibility complex 

macrophage inflammatory protein 

nicotinamide adenine dinucleotide phosphate 

neurofibrillary tangles 

nuclear fo.ctor-kappo B 

No"clty Induced Behavior 

Notional Institute of llcalth

Nod-like receptor 

O\fer The Counter 

pathogen-associated molecular patterns 

phagocyte oxidnse 

phosphoinositidc 3-ldnase 

protein kinase C 

pcntylcnctetrazole 

polyvinylidene fluoride 

regulated upon acti\fntion, normal T-c�ll expressed and secrete 

signal transducer ond activator of transcription 

Traditional African �ledicine 

T cell receptors 

Toll/interleukin-I receptor 

toll like receptor 

tropon1yosin-rclotcd kinase 

vnsculnr cdl adhesion molecule-I 
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DEDICATION 

To the lovely babes in my life 

Otu,vascun, ,ny ,vifc 

Eyitetni, Eyitolu,va, and Eyilolufunmi my daughters 

You babes arc my joy 
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CHAPTER ONE 

INTRODUCTION 

I. I Global burden or Ncurodcgcncnativc dlse:iscs

Ncurodegcncrnrlve diseases include 11 ,vide !11/lgc of incurnble nnd dcbilluuing condition� that

result in proi;n:ssive degeneration or death of nerve cells in humnn brnin. The global burden

of oeurodcgener.nive diseases hns continued to incn:nsc yenrly occountins for at least I 5% of

the burden of diswes (Shresth11 el of .. 2014). �1ost ncurodcgcnerntive diseases cause

problems with movement (ataxiGS). or mcntol functioning (dementio.s). Alzhcimcr·s disease

(AD), a neurodegcncrativc disease is the world's most common dcmenting illness, nffccting

over 150 million people worldwide (llcncko cl of., 2015). This debilitating distllSC hllS

remained incurnblc after scvcrnl decodes of rcs�h. It is the fiflh lending couse of death for

people of ogc �65 ond n leading couse of morbidity (Al1hcimcr's-Associlltion, 2015).

Althou&h n:sc11rch has rcvcokd 3 great deal about AD, much is yet to be discovered obout the

pn:cisc biologic changes thot couse the disease. Epidemiologic and laboratory evidence

attribute the progression of the disease to innnn1m11tion (Sru.trc cl al., 2003). 111c p:ithogcnic

importnnce of neuroinOl\lTlmntion in AD is becoming increasingly evident.

NeuroinOammntion is II defense mechanism llimcd ot protecting the ccntrol nervous system

(CNS) 11goinst infectious insults and injury (Spencer ct of., 2012). It constitutes n bcnefic:inl

process in most coses 11nd cc11scs once the thrcllt has been climinntcd nnd homcostosis hos

been n:ston:d (GIBSS cl al., 2010). However, sustained neuroinnommatory processes may

contribute to the cnscndc of events culminating in the progressive neuronal dnmngc obscr\cd

in many ncurodegencrativc disorder�. most nolobly Parkinson's disease (PD) and

Alzheimer's disease (AD) (McGeer and �lcGecr, 2003: Mirsch et al., 2005).

Acute innommotory diseases in the brain ore caused by injury or trauma, while the chronic

ones also referred to os ncurodegcncrative discBSCs in most cBScs do not hove specific cousc

but some hove established autoimmunity invohcmcnt. lnOammotory process hos o

significant pnrticipntion in host defense against infectious agents 11nd injury, but it is

impliClltcd in pathophysiolog) of mnny chronic diseases. The innate immune cells mediate

acute inOammotlon and interact with adoptive immune cells vi11 the innnmmBIOI) mediators

10 orchestrate aspects of the ocutc and chronic lnOnmmotion that uodcrlic mnny diseases

including AD.
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Putalivc nnli-inflommatOry nnd neuroprotccthe agents llu11 con affect the neuro1>31holog> of 

various ncurodcgencrntivc diseases arc confounding. This could be as a result of the 

ambiguities and gaps in knowledge of ncuroinflarnmotion and ncurodcgenen11ion. Although 

ncuroinfla.mmation is evident in many chronic ncurodcgcncl'lllive discnses such IIS epilepsy, 

Alzhcmicrs dise.isc (AD), Porkinson's disease (PD). an1y0Lrophic lateral sclerosis (Al S) and 

stroke. it is the inOammatory response that predisposes or cxoccrbates the neuropa1hology. As 

a result. the use of non-steroidal nnti-inflarnmotory drugs, such os ibuprofen, hos been 

proposed 10 delay or even prevent the onset of such neurodegencrative disorders (Casper ti

al., 2000; Chen et al., 2003). Epidemiologic studies ho\'e indicn1ed 1h01 the risk for 

developing AD wos reduced in reguhu users of nnti-inflammotory drugs (Vlad et al., 2008). 

However, majority of drug treatments only omeliol'llle the syn1p1oms of these 

neurodegenenuive disorders rnther than prcvcnling the underlying degeneration of neurons. 

Consequently there is a desire to develop novel therapies capable of prc\·cnting the 

progressh•e loss of specific neuronal populations that underlie p.11hology in these diseases 

(Lcgos et al., 2002; Nlll'1lynn et al., 2002). 

1.2 Study ra tionale 

The thernpeutic approoches for ncurodegcncrativc discnscs ore syn1p1omntic; in AD 

cholinerglc transmission is enhanced using cholincs1crosc inhibitors (donepezll, rivastigmine 

and golonthaminc). All of the approaches elude the holy grnil of neurodegenerative diseases 

which is the retardation or inhibition of neurodegeneration. This is panly due to the !nobility 

of the intervention 10 o!Tecl the underlying course of the disc:i.se. Most of the current therapies 

for ncurodcgcnerati\'e disc:1ses ore syn1p1oma1ic nnd the therapy for AD is paniculorly much 

less cfTccth•e (Stondocn ond Young, 2012). Current drug trcntmcnlS for ncurodegcncrntivc 

diseases including NSAIDs (non-stcroidnl anti-inflnmmotory drugs) only trcot the symptoms 

or cnn delay the onset of disease rnthcr than preventing the underlying degeneration of 

neurons (Casper et al .. 2000; Chen cl ol., 2003). 

\Vhh the increasing burden of AD's monolity and mordibity, there is o gn:01 need for the 

dc�clopment of novel therapeutics. The ideal thcropcutlc target for AD should target the 

tightly controlled kinetics of omyloid-P peptides in the brain parcnchyinn. AP oligomcrs ore 

considered to be the most neurotoxic form when added direct I)• to neuronal cultures (\Valsh ti

al, 2002). The toxlci1y obscf\·cd due 10 aggregation of AP /11 r/l'o could be mcdi:ucd p:1111) 
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via proinlllll1UnntOf) cytokincs dcrh ed from octh111ed microglio. r.ticroglla cells arc 

principally involved in clenroncc of AP. r.1icroglt:il cells IU'C the primaf) immune cells in the 

CNS ond hove similar actions to that of peripheral macrophages (Kreu12.berg, 1996). Being 

immune cells, their primlll)' functions arc 10 promote host defense b} destroying invading 

pathogens, remo,,ing deleterious debris, promoting tissue repair and focilitoting tissue 

homeostasis. partly through their influence on surrounding nsrrocytes and neurons (Glass et 

al., 2010). However, sustained. uncontrolled activation of microglia con lead to e�ce5S 

production of various foctors that contribute 10 neuronal injury, most notably, nitric o�ide, 

pro-inflammatory cytokincs {lL-Ip, TNF-a) (Gibbons and Dr:igunow, 2006), reactive oxygen 

species (ROS) (\Vang ct al., 2006) ond glutnmote (Takeuchi et al .. 2006). As impaired 

microgliol clC4rancc hos been identified ns o disease-promoting foctor, several ottcmpts have 

been mode to positively innucnce microglio by pharmacological. voccinc-bnscd or gene

therapy strategies (Henekn et al., 2015). The same receptors that sense pothogcn-associotcd 

moleculor patterns (PA!\1Ps) such os boctcrfal lipopolysacchoride (LPS) 11nd viral surface 

proteins arc instrumental for responses triggered by AP, Combating AD by ph11rmocological 

modulation of microglio would hove II gn:01 impact on the progression of ncuroinnnmmation 

and consequently ncurodcgcncrotion. Howe, er. the development of such drug acling on 

mieroglia cells will propose II mLxed opportunity of studying the interference of adnptive 

immune cells in AD. 

During neurodegenerntive diseases, peripheral immune cells, such os T cells, ond CNS 

resident immune competent cells such as microglia as well ns neurons, astrocytes and 

oligodendrocytes, release inflammatory mediators to recruit more periphcrnl in,munc cells 

including lymphocytes leading to CNS innnmmolion (Dlock ond I long. 2005). The key 

features of ncuroinnnmmation nrc microglio octi,•otion, local production of inflammatory 

mcdintors, expression of Major Histocompatibilty Complex (t.1HC) ond adhesion molecules, 

rclc.isc of free-radicals and recruitment of immune cells (Lucns et of., 2006). Microglio 

activated via toll like rcccptor (TLR4) produce several mediators (TNF-a, IL-6, iNOS, COX 

and PGE,) via NFKB. !\1acrophnges and other cells of the innate immune S)Stem ;ictivote 

NPltB via triggering of toll like receptors (TLR) expressed o n  them by various molecules 

Including components of the bncterinl cell wall (lipopolysncchoride LPS), microbial nucleic 

ocid (pathogen associated molcculnr pnllcm, PAMP or damage nssocioted ,noleculor p:ittcm 

(DA!\IP) (Mcdzhitov, 2001; Takeda ct al., 2003). NFKD is essential for the induction or a 

wide variety of genes important for immune response including genes for TNF-a.. IL-I nnd 

[L.-6, chemokincs (macrophage lnnammntory protein-la, t.llP-la). R>\NTCS (regulated upon 
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,•i11 proin0Mll1llltory cytokines dcrhcd from 11cth111ed microglia. r.ticroglia cells an: 

principally involved in clc:irnnce or AP. Microglial cells arc the prill\31')' immune cells in the 

CNS Md have similar actions to that of pc.ripheral macrophages (Kreutzberg. 1996). Being 

immune cells. their primlll') functions arc to promote host defense by destro}'ing invading 

plllhogcns, removing dclctcriol1S debris, promoting tissue repair and facilitating tissue 

homcoslllSis. pmly through their innucnce on surrounding oslrOCytes nnd neurons (GIBS.S el 

al .. 2010). llo,vevcr, Sl1Slllincd, uncontrolled activation of microglin can leod to c.xccss 

production of variol1S foctors that contribute to neuronal injury, most no1ably, ni1ric oAide, 

pro-inOammatory cytokincs (IL-Ip, TNF-a) (Gibbons and Drngunow, 2006), reactive oxygen 

species (ROS) (\Vong ti al., 2006) nnd glutrunnte (Takeuchi el al. 2006). As impaired 

microgliol clcnrnnce hos been identified os a disease-promo1ing factor, several nncmplS have 

been mode to positively innucnce microglio by pharmacological, vaccinc-b.iscd or gcne

thernpy s1rn1egies (Henekn el al .. 20 I 5). The same reccp1ors that sense pathogcn-ossocio1cd 

molecular pancrns (PA�1Ps) such as bacterial lipopolysnccharide (LPS) and virol surface 

pro1eins arc inS1rumcn1ol for responses 1riggcrcd by AP, Combating AD by phnrrnncologicnl 

modulation of microglia would hove a grc11t impact on the progression of neuroinOommation 

and consequently ncurodcgcncrolion. Howc,•cr, the development of such drug acting on 

microglio cells will propose a mixed opportunity of studying the interference of adap1ive 

immune cells in AD. 

During ncurodcgcncrative diseases, peripheral immune cells, such as T cells, nnd CNS 

resident immune compc1cnt cells such ns microglio as well RS neurons, nstrocytes ond 

oligodendrocytcs, release inflomma1ory mediators 10 recruit more peripheral in\munc cells 

including lymphocytes leading to CNS inflnmmation (Dlock ond I long. 2005). The key 

features or ncuroinOommotion arc microglia oclivntion, local production of inflammatory 

mediators, cApression of �lnjor Histocompntibilty Complex (MHC) nnd adhesion molecules. 

rclensc of fn:c-rodicols and recruitment of immune cells (Lucns ti al., 2006). l\,licroglio 

activated via toll like receptor (TLR4) produce several mediators (TNF-a, LL-6, iNOS, COX 

nnd PGl!2) via NFKB. �1ncrophnges and other cells or the Innate immune system activate 

NFKB vin triggering of toll like receptors (TLR) expressed on them b) various molecules 

including componenlS or the bactcrinl cell ,voll (lipopolysacchnridc LPS), m,crobiol nucleic 

acid (pa1hogen associated molecular pnllem, PA1\1P or damage associated molecular pnucm 

(DAI\-IP) (Medzhitov, 2001; Tnkcdo ti al .. 2003). NFKD ls csscntinl for the induction of o 

wide variety of genes imponont for immune response including genes for TN1=-u. IL-I 11nd 

fl-6, chcmokincs (macrophage inflammatory protein-la, r.llP-la), RANTES (regulated upon 
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octivntion, nonnnl T-«11 expressed and secreted) and 11dhesion molecules [E-sclcctin nnd 

VCM1-l(V11.5Cular cell adhesion molecule-I)] which collecll\CI} regulate recruitment of 

immune cells 10 sites once NFd3 is octiV11tcd (Zhang and Ghosh, 200 I). Apart from nR

octiVlltion, stimulation of the receptors for TNF-<1 nnd IL-I amplifies and ell.tends the duration 

of iruwtc response by strongly octivnting NFd3 (O'Neil nnd Oinorello. 2000). NF� 

ll'OJ'lscriptionolly induce enzymes \\bich generates reacth-c intcnnediates (iNOS, inducible 

nitric oxide synthn.sc) Bcinkc nnd Ley, 2004). Nfd3 activation also upregulotcs �fHC 

proteins nnd CDS0/86 on APC \\hich is invohed in the activation ofT and B lymphoc}tes in 

ndnptivc immune response (Li nnd Verma, 2002). Additionally, NF11:B is  required for L TJ}R 

(lymphotoxin � receptor) regulation of peripheral lymphoid orgnnogcncsis and stimulation of 

B-cell dilTerenti:uion and survi\!1ll by B-cell activating factor (BAFF) (Claudio el al., 2002).

NFd3 plll)'S an imponnnt role in regulating the expression of nntiapoptotic proteins (c-lAP· 

1/2, Al, Bcl-2 and Bel-XL) 11nd cell cycle regulator C)clin {DI) which increase cellular 

survival nnd prolircration rcspccthcly (Karin ti al .. 2002). Oysrcgulation of NF..S C4l1 lead 

to the constitutive overproduction of proinnammotory cytokincs, which lll'C associated ,vith 

chronic innomrnatory disorders nnd has been in1plicatcd in cell trnnsfonnntioo (Girrudin el

ul., 2003). It is the link between chronic inOnmmatlon nnd some cancers (Nonnark rl al., 

2003). 

Also, activation of mlcroglin causes expression of MHC ond adhesion molecules leading to 

rttruitmcnt of lymphocytes. Lymphocytes, paniculnrly T cells hove been detected in the 

brain of AD pntients (Togo et al .. 2002). Studies h11vc nlso shown that upregulotion of T 

cells, with increased octiYity of 111-17 and 111-9 subsets and the C)1okines (lL-9, IL-21 ond 

IL-23) relCMed from these T cells in AD (Sorcsclla, 2011). 

The idea of II protective 11utoimmunity of the bruin hos been developed in the Inst few )'Clll'S

nnd hos brought the devise of immunomodulatory therapies for neurodcgcncrntivc diseases. It 

involves the augmenting of the protective and regenerative ospects of the immune system for 

ncuroprotcction in brain diseases (Polnzzi and Monti, 2010). 

There is a growing interest in the neuroproteetiYC effects of no\'onoids which ha,e been 

shown 10 be effective in protecting ng11inst both ngc-n:lntcd cognitive ond motor decline 

ncurodegencnnivc disense lt1-1•fro (Joseph el al., 1999; Vnuzour el ul .. 2007; \Villiams ti al .•

2008). Neuroprotccti\' c potential may tcside in a number of physiological functions. 

including their antioxidant propenics and ability to modulnte intrnccllulnr signaling P3thway� 

including rcgulotion of cell survivaVopoptotic genes and mitochondrinl function (Dnstinnctto 

et ul., 2000; \Villloms cl al., 2004; Spencer, 2009n, Spencer el al .. 2009b). Fla\'onoids and 
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their in-1·n'O mclllbolitcs hllvc been shown to modulate signaling through phosphoinositide ). 

kinase (Pl3 kinase) lllld mitogcn octivnted protein klnose (t.W kinase) p;ith,v'3)'S that arc 

nlso critical sigruiling cascades for the control of inflammntory proc�s in the bmin 

including the octh1uion of microglio in response to cytokines and the induction of iNOS and 

nitric oxide production (Dhot el al., 1998; Kominskn cl al .• 2009; Spencer, 2009b); \\len ct

al .. 2011). As a consequence. navonoids hove been suggested os no,el therapeutic ngcnlS for 

the reduction of the deleterious effects of neuroinflnrnmntion in the brain ond thus nlso as 

potcntiol prc,cntivc drugs for ncurodcgenenuive dise:ise developmenL 

Flovonoids ore secondary melllbolitcs derived from ph1nts. The nnecdotnl use of i\lori11gn 

oleifern h!IS UJken o new dimension in Nigeria in  !he l:ist fe,v yenrs. Various pnru; of the plnnt 

ore used in cthnophnrmncology and Traditional African t.lcdicine (TAM) for centuries in 

treatment of diseases ranging from infectious diseases to chronic neurodegencmtive diseases 

(Fahey 2005; Patel el al .• 2010; t.1ishm et al .. 2011). In recent years the \\lorld llenhh 

Orgnnization (\VHO), Notional Institute of He.11th (NIH) ond many peer reviewed journals 

hove published many articles indicating thnt ,\lorf11go olcifero might conuiin mnny promising 

immunity boosting principles. Of the 418 oniclos on ,\fori11go on Pubmcd, nbout 21 ore on 

dinbetcs, 18 on cancer nnd 12 on immunity. t.1ost of the sighted works tends to me:isure the 

protective nbiliry of the plnnt in dise:isc conditions. These ore in ttmdcm with the exorbitnnt 

use of the plant ln1ely. 

The t.lorlngo tree h:is great use medicinally both as prevc111ntlve and 1reatmcn1. It is folk 

remedy for stomoch complaints. catnrrh, cancer, gastric ulcers. skin disenscs and lowering 

blood sugor (t.1ishra ct al., 2011 ). It is also used in diabetes, fatigue:, increase lactation, hoy 

fever, impotence, edema, cramps, hemorrhoids, hcodochcs. epilepsy. rcspirato1y diseases, 

immune system booster, blood cleanser ond blood builder (Fnhcy, 2005). Quite o number of 

patients nlso use i1 in the mnnogemen1 of specific diseases like hypertension. diabc1cs, 

epilepsy nmong others. Con\flllsion is one of 1hc many disorders which f.forlnga ofc,fero is 

used for suggesting that It mny hnvc centrally mediated effect. 

1\lorl11ga olelfera. otherwise known os the 'miracle plant' is just one of the many herb.ii 

remedies claimed to 11111 c several benefits with very little Information on scientific proofs. 

These herbal drugs seem to be mnking their ,vny 10 orthodoi. medical practice os the) are no" 

made into various phnrmnceu1icnl dosage forms nnd sold almost ot every comer IIS O,cr 1l1c 

Counter (OTC) drugs. 
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,\foringa olcifera is used as food Md drug b) m1111y people for mnn) l'C4SOns. II is ,er, 

import.nnt Lo know the effect the plant has on bclutvior o.nd other CNS pnrnmc1crs \Vlth the 

significant advances 01cr the past twQ dCCGdes in the lields of immunology nnd neurobiolo&:>, 

ne11 avenues to c:\plorc the mcclutnism of these discn.ses hnvc been provided. 
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I .3 Alm :iod objecth·es of the study 

The aim of this study is 10 idcnlif} ond iSOIQtc active principles ,vilh lltltlneuroinflsmmatol) 

property from lhc lcnves of }.fori11ga o/eifera 

The specific objectives arc to: 

I. Evaluate the ncurophannacological activities of lhe clhllnol ex1J11c1 of }.for111go

oleifera leaf.

U. Lnvcstigatc bioactivity guided isolQtion of compounds from the cx1rnc1 of liforingn

oleifcra.

Ill. Evaluate the mech:inisms of nntincuroinflommntory nnd immunomodulotory actions 

of Isolated compounds on microglin and macrophage cell lines in LPS-induccd 

ncuroinflnmmQtion. 

IV. E,•nluotc lhe effect of lhc cx1rac1 of }.fori11go olelftra on proliferation. opop1osi�. and

homing paucm in pre-stimulated T <clls.
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2.1 lnOnmmation 

CHAPTER T\VO 

LITERA TORE RE\'IEW 

Inflammation hns bctn known and documented as fur bacl- as the lu century 1\D. Then, 11 

\\115 understood that tissue response to injury resulted in rubor (n:dncss, due to hyperemia), 

rumor (swelling, caused by increased permeability of the microvasculaturc and leakage of 

protein into the interstitial space), calor (hcot, associated with the incl'C4Sed blood now and 

the metabolic activity of the cellular mediators of inflammation), and dolor (poin, in pan due 

lo changes in the pcrivasculoture and associated nerve endings). Loss of function or 

dysfunction of the organs (F1111ctlo laesa), the fifth chruncteristic of inOamm:nion ,vns 

included by Rudolf Virehow in the I 850s. By the late 19th century, Elie Metchnikolf 

introduced the concept of phagocytosis, n fundamentol nspcct of innate immunit} in 

inOommotion after ,votching protozoa engulf paniculnte mnuer and examining blood 

leukocytes ingest foreign bodies. Mctchnikolf later received Nobel Prize for Physiology or 

Medicine in 1908 for this discovery. jointly with Poul Ehrlich for his ,vork on humornl 

immunity, o key component of adaptive immunity. 

Inflammation provides a unifying pnthophysiologicnl mechanism underlying many chronic 

disease including diabetes, cordiovosculo.r discosc, ccnoln cancers nnd bowel diseases, 

o.rthrilis. ncurodcgcnerntivcs, epilepsy 10 mention just a few. A common pnthophysiologic

sccno.rio applies in the progression of many of these di senses (Libby ct al., 2002). Some of 

the predispositions 10 chronic inOnmmation diseases ore aging in population, conquest by 

communicable dlsc:ucs and changing lifestyles. 

2.2 Innate ond A1h1ptive Immunity 

The perspective or inflammation in the 21st ccnrury pro,·idcs n detniled knowledge of the 

cells and mediators that produce the charncteristic signs of inflammation t1S observed by the 

ancients. The response mechanisms or the host con be divided into two distinct. but 

inextricnbly linked, pathways; innate and adoptive pathwnys (Hansson e, al, 2002). The 

innate response detect o broad mnge or molecular paucms (pothogen-ossocla1cd molccul:u 
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2.1 lnflnmmntion 

CHAPTER TWO 

LITERATURE RE\'TE\V 

lnOammation hos been known and documented os far bad, ns the 1st century AD. Then, it 

was understood that tissue response to injury rcsuhcd in rubor (redness, due to hyperemia), 

rumor (S\\'elling, c.nused by increased pcnneability of the microvnsculaturc and leakage or 

protein into the interstitial SJ)IICC). c.ilor (heat. nssociatcd with the increased blood now and 

the mclllbolic activity or the ccllulnr mediators of in6ommation), and dolor (poin, in pnn due 

to changes in the pcriv11scula1urc and associated nerve endings). Loss of function or 

dysfunction of the organs (F,mctio foe.so), the fif\h chlll'llcteristic of inflammation WDS

included by Rudolf Virchow in the I 850s. By the late 19th century, Elie l\.1etchnikoff 

introduced the concept of phagoc}1osis, n fundamcnrnl aspect of innate immunity in 

inOammntion aJler ,votching protozoa engulf particulnte mnner ond examining blood 

leukoc}'1cs ingest foreign bodies. Mctchnikoff later received Nobel Prize for Physiology or 

Medicine In 1908 for this discovery, jointly with Pcul Ehrlich for his ,vork on humorol 

immunily, o key component or adaptive immunity. 

lnOornmation provides a unifying pathophysiologicol mechanism underlying mony chronic 

discnsc including diabetes, cordiovnsculnr discnse, ccnoin cancers and bowel diseases. 

arthritis. ncurodcgcncrativcs, epilepsy to mention just II few. A common pnthophysiologic 

scenario applies in the progression of many of these diseases (Libby ct al., 2002). Some of 

the predispositions to chronic inflammn1ion disenscs ore aging in population, conquest by 

communicable disenscs and changing lifestyles. 

2.2 Innate :ind Adaptive lmntunll)' 

The pcrspcclive of inflammation in the 21st century provides a detailed knowledge of the 

cells and mediators thal produce the characteristic signs of inflammation as ob!>Crvcd by the 

ancients. The response mechanisms of the host con be divided into two distinct, but 

lnextriCllbly linked, pathways; innnte and ndnp1ive pothwnys (lfon�n et al, 2002). The 

innate response detect o brood rnngc of molecular patterns (p:uhogcn-os.socla1cd molecular 

8 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



patterns, PAMPs) :ind (damage a.ssociatcd molccul:ir t)31tcm. DMlP). �facrophnges usuoll) 

over c:-.press these receptors Y.h1ch detects this molecul11r pancms; including Toll-like 

receptors. Engagement o f  Toll-like receptors results in activation of nuclear foctor-kapp.'1 B 

(NFKB) o.nd mitogen-:1cti,11tcd protein kinase (MAPK) P3th\\11ys (Karin. 2009). Ligntion of 

Toll-like receptors CM olso heighten ph11gocytosis, production of reactive o:-.-ygcn species, 

ond relc:isc of cytokincs, outacoids, ond lipid mediators that coordinate ond amplify the local 

inflommotory response. Innate immune response is ropid but lacks structWlll specificity ond 

memory while the adoptive immune response. mounts o slo1vcr nnd specific response wilh 

memory (Tufccld ct al., 2011). The odap1ivc immune response requires the recognition of 

specific molecular structures which depends on the generation of hirge numbers of antigen 

receptors expressed on T nnd B�clls. lmmunoglobulli ns nre free B cell receptors. T cell 

receptors (TCR) becomes 11ctivotcd when they recognize the foreign antigen presented to 

them. and lnitialc responses tho1 t11rgc1 precisely 1h01 antigen, including :i direc1 nttack ogainsl 

the 11Dligcn presenting cell by cytotoxic T �ells, stlmuln1ion of more antibody production by 

B�clls, ond induction of o IOClll inflommo1ory response ie necrosis. T helper cells Cll/l

difTcren1in10 into :it least l\VO subtypes ofT helper (Th) cells (Th I 11nd Th2). TI1 I cells n:lcnse 

several cytokincs including in1erfcron-g11mmo (IFNy). o prominent cytokine which 

coordino1cs crosstalk bel\,;ccn immunity (both innu1e and adoptive) ond inflon1motory 

responses by s1lmuln1ing the macrophage 10 incrc11Sc its production of o brood ronge of 

mcdio1ors including nu111coids, rtoc.1ivc oxygen species, lipid species, ond pro-inflon1motory 

C)'IOkincs. Also, Th2 cells rclcosc scvcrol cytokincs ,vhich 11rc involved in  stimulating B�cll 

ma1uro1ion into 11n1ibody-producing plo.sm11 cells ond promotion of 8-ccll closs-s,vltching 10 

incrcnsc production of immunoglobin E (lgE) antibodies. Although, Th1 cells a_ids the 

rccruilmcnl 11nd 11ctiv111ion of mo.st cells involved in  pathophysiology of chronic inOomm111ion 

ii also produces cytokincs with on1iinOommn1ory propenies such ns intcrltukin-10 (ll-10) 

(Hansson ct al., 2002). 

2.3 hlcnl l\1odcl of Chronic tnnnmmntory Olscnse

According to 11,is model, signals from the innate ond adoptive immune systems lntcruc1 and 

converge on 1wo prototypic cell types: 11n cpi lhcliol cell 11nd o mcsenchymol cell of the 

ofTcctcd orglll\S. These signals orchcstrntc o rcpcnoire of llssuc responses such os recruilmcn1 

of leukocytes involved in chronic inflomma1ion, cxtrocellulor mo1ri, remodeling. ccllulor 

proliferation or deolh, nnd onglogcnesis. \Vhilc the discoscs m11y m11nifcst in \Cl} different 

ways based on organ involved, the s11mc fundomcntnl mechanisms ond mcdi11tors drive the 
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plnems. PAMPs) nnd (dnmagc nssoclatcd molecular plllcm, DMlP). �IDcrophages usuall} 

over express lhcsc receptors ,,hath detects this mokcuh1t plttcms; including Toll-like 

n:ceptors. Engagement o f  Toll-like receptors results in 11c1ivotion of nuclear factor-kllppl B 

{NFKB) nnd mitogcn-actinucd protein l.inosc {MAPK) plthways (Karin, 2009). Ligntion of 

Toll-like n:ceptors CD.O also heighten phagocytosis, production of n:ncuvc oX)·gen species, 

and n:le:i.sc of cytokines, outacoids, and lipid mediators 1h01 coordinnte and omplify the local 

innnmmatory response. Innate immune response is rapid but locks suuctwal specificity ond 

memory ,vhllc the adoptive immune response. mounts a slo,ver ond specific response with 

memory (Tufccki et al., 2011). The adaptive immune response requires the recognition of 

specific molecular structures which depends on the generotion of Jorge numbers or antigen 

receptors c.xpressed on T and B-cells. lmmunoglobullins are free B cell receptors. T cell 

receptors (TCR) becomes 11ctiva1ed when they recognize the foreign antigen presented 10 

thtm, anti initia1e responses thnt torget precisely that antigen, including a direct nttock against 

the antigen presenting cell by cytotoxic T-cclls, s1imuln1ion of more antibody production by 

8-cclls, and induction of o loclll innnmmatory response ie necrosis. T helper cells cnn 

diffcrentintc into :it iensl l\vo subtypes ofT helper (Th) cells (Th I and Th2). TI1 I cells release 

scvcml cytokincs including intcrferon-gommo (IFNy), o prominent cytokinc which 

coordinates crosstnlk bel\,-een immunity (both innate ond odapti, c) ond inftan1mo1ory 

n:sponscs by stimulating the mncrophnge 10 increase its production of a brood range of 

mediators including nutncoids. rc.ictivc oxygen species, lipid species. and pro-inft11n1matory 

c:ytokines. Also, Th2 cells relcosc several cytokincs which llrC involved in stimulating B<ell 

ma1um1ion into antibody-producing plnsmo cells ond promotion of 8-cell clnss-S\\itehing to 

increase production of immunoglobin E (lgE) antibodies. Although, TI12 cells aids the 

recruitment nnd octivotlon of most cells involved in p3thophyslolo&> of chronic innammotion 

it also produces cytoklnes with ontiinnammntory propcnles such ns intcrleukin-10 (fL-10) 

(Hansson ct al., 2002). 

2.3 ltlcnl l\lodcl of Chronic lnnnmmntory l)lscnse 

According 10 this model, signals from the innate and od.,pti\'c immune systems intcnict ond 

converge on l\vo prototypic cell types: on cpithelinl cell and a mcscnehymnl cell of the 

ofTcctcd orglllls. These signals orchestmte o repertoire of tissue responses such os recruitment 

of leukocytes involved in chronic tnnommation, extmccllulor motri, remodeling, cellular 

prolifemlion or death, nnd nngiogcncsis. \Vhile the dise35cs ,nay manifest in vcl'} different 

ways based on organ invol\'cd, the same fundnmcntol mechanisms ond mediators drhc the 
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disease process. Helper T -cells abound in the lesions of chronic inflcunmtnion in man) 

org:ins. The mononuclcnr phagocyte, cloaked vnriously os o fo:im cell, osteoclBSt, hlstiOC)1C. 

microglia, or alveolar macrophage, also challlcteristically populates such lesions. The basic 

aspects of inOommotion involve selective and sequential mignuion of blood cells into tissues 

nnd then locol activntion ond interoclion of these blood-based cells with resident tissue cells 

(fufecki ti al., 2011). Some conditions display only limited clcmentS of the classic 

inflommotol)' processes while in other conditions, key inflammotol)' mediators dominate but 

,vithout the context of the classic inflammatory mechanisms. For exrunple, in Alzheimer's 

disease, blood cells do not rnigrotc into the brain tissue, but o resident monocytic cell 

(microglio cell) is activated locally c;<prcssing pro-inflammatory mediators. TI,e microglio 

panicipotes prominently in inmue immune responses of Alzheimers. The resuhnnt responses 

in either ciuc con, in lime, impair the function of the organ or tissue in1•olvcd. 

1 
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Figure 2.1: Simplified schemntic rcprcscnuition of lbc link between LPS-intluccd microglio 

oc1ivntion, inflammatory mctlintors. and doprunincrglc ncurodcgcnerntion. l\lic-1oglio 

responds to pathogens, proinOommntory cytokincs, neuronal dysfunction. and cellular debris 

aOcr injury or necrosis (fufckci el al., 2011). 
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2.-4 Immune :ind lnflamm:uory l\1tth11nisms in the Initiation and Progrrssloo of 

Chronic Diseases 

The cells or the immune system arc in\'olvcd in the initiation of most chronic diSCllSCs. 

Ho1,cvcr, most ncurodcgcneroti\'c diseases attribute their progression to these cells of 

immunit>. Once present nnd active in tissues, these cells of the innate imn1une system 

elaborate renctive 011:ygcn species. cytokincs. pl'OC03gulant.s, and other small molecules that 

amplify and sustain the inftommotory response. The resident looil epithelial and 

mcscnchymol cells both respond to p�inflllmmotory signals elaborated by the mononuclear 

phagocytes and, when thus octivotcd, con active I> p:111ieip:1te in propagnting the inflammatory 

response by generating a similar spectrum of mediators os the "professional" phngOC)1CS 

(McGccr ond McGccr, 20-03). The p.1le11c of the cytokincs and other p:ithogenic proteins 

expressed in response include IL-I, IL-6, IL-I 8, TNF, �1-CSF. �,1cr-t, intcrecllulor adhesion 

molecule-I (ICAM-1) etc. The inflammatory mediator CD40 ligond (CD40L or CD I 54) hos a 

particular place in pcrpctunting the inOommotory ond immune responses during the' 

development and progression of chronic discoses (Sorcselln, 2010). More recent work 

localized CD40 to macrophages ond its ligond to T cells (Slm:sthB ct nt .. 2014) 

2.5 Neurolnflamm:11l011 

Neuroinflammation is o defense mechanism aimed ot protecting the central nervous system 

(CNS) against infectious insults t111d injury. In most coses, it constitutes o beneficial process 

thot ceoscs once the thr�t hns been eliminlllcd ond homcostoSis has been restored (Gloss ct

nt., 20 I 0). However, sustained neuroinflnmmntory processes moy contribute to the coscadc of 

events culminotlng in the progressive neuronal drunogc observed in many ncurodcgcncrative 

disorders, most notnbly Porkinson's diSC3Sc (PO) ond Alzheimer's discnsc (AD) (McGe.!r ond 

t-1cGccr, 2003; 1 llrsch et at., 2005), ond also \\ilh neuronal injury nssocio1ed 1vith stroke 

(Zhong ct nl., 2006). The process principally involl'e ac1ivn1ion of ostrocytes and mioroglio 

by inflammatory mediators ns proven in various CNS p.1thologics. including brain 

innammotion. rrnuma, ischemia, stroke. brain infections. and neurodcgcncrotivc CNS 

disorders such os multiple sclerosis (MS), Alzheimer's disease (AD), Porkinson's disease 

(PD), Huntington's disease (llD) and omyotrophic lateral sclerosis (ALS) (Amor et al ..

2012). 

Microglio ore the resident immune cells in the ccntrnl nervous sys1cm and ore no1, considered 

to be the primary componenl of the brain Immune S)stcm, In neuroinflnmmotion, microgli11 

become 11ctiv11tcd, undergo n change in morphology, and release \Orious cytotoxic n1cdiotors, 
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2A Immune and lnflammator)' l\lcch11ni1ms in the Initiation and Progression or 
Chronic Diseases

The cells of lhc immune system ore ln\'olvcd in lhe ini1in1ion of moSt chronic diSC4Scs. 

Ho,�evcr. most neurodegcncru1h c diseases attribute their progression to these cells of 

immunity. Once present 1111d active in tissues, these cells of the innate immune system 

elaborate reactive oxygen species, cytokincs. procoogulants, and other small molecules that 

amplify Md sustain lhc infto.mm:uory response. The resident local epithelial and 

mcscnchymnl cells both respond 10 p�inflClltlmotof) signals elaborated by tl1e mononuclear 

phagocytes o.nd, when thus nctivoted, can octivcl) P311icipate in propngating the inftommntory 

response by generating a similar spectrum of mediators ns the ''professional" phngoc}'1Cs 

(McOccr and McGecr, 2003). The palenc of 1hc cytokincs nnd other pathogenic proteins 

expressed in response include IL· 1, IL-6, IL-18, TNF, �1-CSF. lvlCP-1, in1crccllulor adhesion 

molecule-I (ICAM-1) etc. The inOammatory mediator CD-10 ligo.nd (CD40L or CO 154) hos a 

particular place in pcrpctuoting the inOnmmatory and immune responses during the' 

development and progression of chronic diseases (Sarcscllo.. 20 I 0). More recent work 

loc:nllzed CD40 to macrophages nnd its lignnd to Tcclls (Shrestha c1 at .. 2014) 

2.5 Neurolnfl:imm:ition 

NcuroinOammation is a defense mechanism aimed at pro1ecting the central nervous system 

(CNS) against infectious insullS nnd injury. In most coses. it cons1i1u1cs a bcnclicial process 

thn1 cellSCs once the thrCllt has been eliminated nnd homcoslllsis hos been restored (Gloss ct

ol .. 20 I 0). However, sustnincd neuroinnnmmotory processes may contribute to the cnsc;idc of 

cvenlS culminntlng in the progressive neuronal damage observed in many neurodcgencrotive 

disorders, most notnbly Parkinson's discnse (I'D) and Alzheimer's discnsc (AO) (i'vkGecr and 

l'>lcGccr, 2003; I lirsch cl al., 2005), nnd nlso ,vith neuronal injury ossocin1cd with stroke 

(Zhong c1 at,, 2006). The process principally involve oc1i1a1ion of os1rocy1es and microglia 

by inflammatory mediators as proven in vnrious CNS p111hologies, including brain 

innnm1nation, unuma, ischemia, stroke. brain infections, and ncurodegencrativc CNS 

disorders such as multiple sclerosis (MS), Alzheimer's disease (AD), l'nrkinson's disease 

(PD), Huntington's disease (110) and nmyotrophic lateral sclerosis (ALS) (Amor et at ••

2012). 

Microglin ore the resident immune c�lls in the centml nervous system and ore now considered 

10 be the primary component of the brain Immune system. In ncuroinnommation, mieroglh1 

become nctivotcd, undergo n change in morphology. ond rtlcnsc ,nrious C)10to�ic mediators, 
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2.4 Immune and lnOammatory l\ltth11nisms in the Initiation and Progression or 
Chronic Diseases 

The cells of the immune S)'Stem nrc involved in lhe lnitiiuion or most chronic discnses. 

Howe,er. most ncurodcgcncrotivc disc:iscs onribu1e their progression to these cells of 

immunity. Once present nnd active in tissues, these cells or the innate immune system 

elaborate reactive oxygen species. eytokines. procoogulMtS, and other small molecules that 

amplify and sustnin the infl11111ma1ory response. The resident local epithelial ond 

mcscnchymnl cells both respond 10 pro-inftnmrnatory signals elaborated by the mononuclc.ir 

phagocytes nnd, when thus ncti,'lltcd, con actively P311ieipotc in propagating the inflnmmatory 

response by generating a similar spcclnlm or mediators ns the ·•professional" phagocytes 

(McOccr and McGccr, 2003). The p:ilette or the cytokincs and other p:ithogcnic proteins 

expressed in response include IL-I, IL-6, IL-18, TNF, 1'1-CSF.1'•1CP-I, intcrccllulor adhesion

molecule-I (ICAM-1) etc. The inOommotory mediator CD-40 ligond (CD40L or CD 154) has n 

particular pince in pcrpctunting the inOommnlory and immune responses during the" 

development and progression of chronic discn.scs (Sarcsclln, 20 I 0). More recent work 

localized CD40 10 macrophngcs and itS ligand to T cells (Sluestho el al .. 2014) 

2.5 NeuroinOnmmntion 

Ncuroinflammotion i s  a defense mechanism aimed at protecting the ccntrol nervous system 

(CNS) against infectious insultS ond injury. In most coses, it constitutes o bcnclicial process 

1h01 ceases once the threat has been eliminated end homcosuisis has been restored (Glass el 

al,. 20 I 0). However, sustained ncuroinnornmatory processes may contribute lo the cascndc or 

evcntS culminating in the progressive ncuronol damage observed in many ncurodcgcncrnti, e 

disorders, most nolllbly Pnrkinson's discnse (PD) and Alzheimer's discnsc (AD) (�lcGcer and 

t-1cGccr, 2003: lllrsch et al., 2005), nod olso ,vith neuronal injury ossocioted with stroke 

(Zhong el al., 2006). The process principally invoh·e octivotion of astrocytes ond microglii1 

by inOommotory mediators as proven in ,orious CNS p:ithologles. including broin 

innommation, troum11. ischemia, stroke, brain infections, and neurodegencrative CNS 

disorders such as multiple sclerosis (MS), Alzheimer's disease (AD), Pnrk.inson's disco.sc 

(PD), Huntington's disease (I LO) end omyolrophic la1crol sclerosis (ALS) (Amor et al.,

2012). 

Mic.roglia ore the resident immune cells in the c:cntml nervous S)Stcm nnd ore now considered 

10 be the primary component of the brain Immune system. In ncuroinOnn1ma1ion, microglici 

become activated, undergo o change in morphology, nnd rclcosc ,arlous cytotoxic mediators. 
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such as nitric O;\idc (NO). tumour necrosis factor.alpha (TNFa), tnlcrleukin-lP (IL-IP), 

prosuiglandin E2, (PGE1), o.nd rcacth-c oxygen species (ROS). Overproduction of these 

medi3tors has been sho1111 to be toxic to neurons and resuhs in a vicious and sclf-propagntins 

cycle of neuronal dcnth (Olajidc et al, 2013). As such. the use of non-steroidal anti· 

lnflllmmntory drugs, such as ibuprofen. has been proposed to deloy or c1 en prc1·cnt the onset 

or such neurodegencmthc disorders (Cosper ct al.. 2000; Chen et al., 2003) and 

epidemlologic studies have indicated that the risk for developing AO 1\'llS reduced in regular 

users of anti-inflammatory drugs (Vlad et al., 2008). 

However, till date. most indicated drugs trclll the symptoms of these ncurodcgenemti1e 

disorders mthcr thnn preventing the underlying degeneration of neurons. Consequently there 

is a desire to develop novel thempies cop:ible of preventing the progrcssh·c loss of specific 

neuronal populations thni underlie pathology in these diseases (Lcgos et al .. 2002; Nnro>1nn et

al .• 2002). Microglial infltimmotion therefore serves as on importnnt model for investigating 

potential therapeutic entities for slowing the progression of neuronal cell de3th in 

ncurodegenerntivc disorders. 

The trnnScription factor, nuclc.ir fnctor kapp:i 13 (NFKB), has been sh0\\11 to control 

Inflammatory responses in microglia cells. Activation of NF-KB is triggered by 

phosphorylation and subsequent degradation of inhibitor of KB {1KB). 11,is process 

subsequently leads to unnslocolion of the free NFKB to the nucleus ,�hen: it promotes the 

expression of proinOnmmotory genes such as the proinflnmmntory eytokincs (TNFa, IL-6, 

IL-IP, etc.), eyclooxygcnosc-2 (COX-2), ond inducible nitric oxide synthase (iNOS). 

�litogcn-activntcd protein kina.ses (MAPK) arc critical regulators of pro-inO,unmatory 

cytokincs (11','fa, IL-6 and LL-IP) during lnflnmmation (Soliman et al .. 2012). Of the 

MAPKs. the p38 has been central to onti-inOt1mmatory drug discovery for years due to its 

in1portllncc in the production of the proinOnmmatory cytokincs nnd other mediators 

(Schlopbach and Huppcrti. 2009). p38 produces inOommntion by acting on MAPK-oc1ivo1cd 

protein kinnsc-2 (!vlAPKAPK2 or 111-K.2). MAPKAJ>K2 is stimulated in o 1vide rnngc of 

inflnmmatory conditions nnd is a potential tnrgct for nnti-inflnmmotory drug development 

(Ouroisomy ct al., 2008). !IIK2 activation and expression hove been sho\\n to be incrcns(d in 

microglln cells stimulated with LPS nnd go.mmo interferon (Culbert ct al .. 2006). 
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such a.s nitric oiude (NO), tumour necrosis factor-:ilph3 (Nfa), inttrleukin-lP (IL-IP), 

prostaglandin El (PGE2), Md re:ictive o�-yge.n species (ROS). Overproduction of these 

mediators ha.s been sho,,n to be toxic to neurons nnd results in 11 ,icious nnd sclf-prop:ignting 

C)clc of neuronnl dc:uh (Olnjide ct al., 2013). As such. the use of non-stcroid:il nnti· 

inflomllllltory drugs. such 11s ibuprofen. h3s been proposed 10 delay or C\'cn prevent the onset 

of such neurodcgcncrotive disorders (Casper el al., 2000; Chen el al.. 2003) and 

cpidcmiologic studies ha,e indicnted th111 the risk for dc\'cloping AD wns reduced in rcgul11r

users of nnti-inflommotory drugs (Vlad et al .. 2008). 

Ho,,cvcr, till dnte. moSt indicated drugs tcc:it the S)1llptoms of these ncurodcgenerotive 

disorders rnlher lhan preventing the underlying degeneration of neurons. Consequently there 

is a desire to develop novel therapies capable of preventing the progressive loss of spccilic 

neuronal popu101ions th3t underlie pathology in lhc:sc d�oscs (Lcgos c1 al., 2002; NBJ'll)'lln 01

al .. 2002). Mlcroglial inflammotion therefore serves os on impol'Ullll model for investigating 

potenti:11 therapeutic entities for slowing the progression of neuronnl cell death in 

ncurodcgcncrntivc disorders. 

The tronscription factor. nuclear factor koppn B {NFKB), hos been shown to control 

in001nmotory rc5ponscs in microglio cells. Activation of NF-KO Is triggered by 

phosphorylation ond subsequent degradation of inhibitor of icO (]KO). TI1is process 

subsequently lends to 1J11nsloc:ition of the free NFKB to the nucleus where it promotes the 

expression of proinOommotory genes such as the proinflamm11101') cytokincs (fNFa. 11.-6, 

IL-IP, etc.), cyclooxygennse-2 (COX-2), and inducible nitric oxide syntha.sc (iNOS). 

Mitogcn-nctivnted protein kinoses �IAPK) are critic.ii regulators of pro-inOrunmotory 

cytokines (TNFa, IL-6 and IL-IP) during inflammation (Soliman et al., 2012). Of lhc 

lvlAPKs. the p38 has been central to onti-innrunmotorY drug discovcl') for ycnrs due to its 

importance in the production of the proinflommatory cytokines and olher mediators 

(Schlnpbnch and I luppcrtz, 2009). p38 produces inflammation by acting on MJ\PK-octh'lltcd 

protein kinosc-2 (MAPKAPK2 or /vi.Kl). 1v1APKAPK2 is stimulntcd in o wide range of 

inOnmmotory conditions and i s  o potentinl tnrget for nntl-innnmmotory drug dc\clopmcnt 

(Duroisomy et al, 2008). MK2 octivntion and expression hnve been sho,,1110 be incrcns.:d in 

microglio cells stimulated with LPS and gnmmn interferon (Culbert ct al., 2006). 
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such o.s nitric o�de (NO). rumour necrosis factor•nlpha (Th'Fa), interleukin·IP (IL-IP), 

prostnghmdin E2, (PGE,). o.nd renctive oxygen species (ROS). Overproduction of these 

mediators ha.s been sho\\11 to be toxic 10 neurons and results in 11 ,icious nnd self·prop:ig;11ing 

cycle of ncuronnl de:11h (Ol11jide ti al., 2013). As such, the use of non•stcroidol llDli· 

inflnmmntory drugs, such o.s ibuprofen. ha.s been proposed 10 dela) or even prevent the onset 

of such neurodcgenerative disorders (Casper el al, 2000: Chen el al.. 2003) ond 

epidcmiologie studies ha,•c indlcnted that the risk for developing AD ,,11S reduced in regular 

users of o.nti•infiammotory drugs (Vlad el al., 200S). 

I lo,�cvcr, till dote, moSt indicated drugs tl'C3t the symptoms of these ncurodcgcnerative 

disorders rather than preventing the underlying degeneration of neurons. Consequently there 

is o desire 10 develop novel therapies eapnble of preventing the progrcssh•e loss of specific 

neuronal populations thllt underlie pathology in these diseases (Legos et al., 2002; Narnyon et

al., 2002). Mlerogllnl inflnmmotlon therefore serves os nn importo.nt model for investigating 

potential thcrnpcutic entities for slowing the progression of neuronal cell death in 

ncurodcgcncrntive disorders. 

Tlte transcription factor, nuclear fnctor \Jlppn B (NFKB), has been shown to control 

inflnmmntory responses in microglin cells. Activntion of NF·KO is triggered b) 

phosphorylntion and subsequent degrndation of inhibitor of KO (IKB). 1111s process 

subsequently lends to uunslocotion of the free NFKO 10 the nucleus ,vhere it promotes the 

expression of proinflnmmotory genes such ns the proinOommotory cytokines (TNFa. l!Ai, 

IL·IP, etc.), cyclooxygenase.2 (COX-2), and inducible nitric oxide synthase (iNOS). 

Mitogcn-activoted protein kinascs (tvlAPK) are criticnl rcgulntors of pro-infllllllmotory 

cytokines (TNFa, IL·6 ond IL-IP) during inflammation (Solimnn ti al., 2012). Of the 

MAJ>Ks, the p38 hos been central 10 an1i-inOon1motory drug discovery for ycrus due to its 

importance in the production or the proinOnmrnntory C)1okincs nnd other mediators 

(Schlopboch 110d I luppcrtz, 2009). p38 produces in0lll11mntion b) acting on MAPK-octivntcd 

protein kinosc-2 (MAPKAPK2 or MK2). �lAPKAPK2 is stimulntcd In o ,vidc range of 

inflommntory conditions nnd is  a potential target for onti•inOommotory drug development 

(Duroi511my ti al., 2008). MK2 nc1iva1ion nnd expression hove been sho,\11 10 be incrcMcd in 

microglia cells stimulated with LPS and gnmmii interferon (Culbert ti t1I., 2006). 
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such ns nitric oxide (NO), tumour necrosis f.sctor-olphn (Tl\'fa), interleukin-IP (IL-IP), 

prostnglnndin E2, (POE,), o.nd reocth·e oxygen species (ROS). Overproduction of these 

mediators has been sho\\n to be toxic to neurons nnd results in o , ieious and self-prop:igiuing 

t)cle of neuronnl death (Olajidc e1 al., 2013). As such, the use of non-stcroida.J a.nti

infinmmatory drugs, such ns ibuprofen. has been proposed to dclo) or e\'cn pre\'ent the onset 

of such neurodcgcnerative disorders (Cnspcr et al., 2000; Chen et al., 2003) and 

cpidcmiologie studies bnvc indicated thot the risk for developing AD \\'IIS reduced in regular 

users ofo.nti-inOnmmntory drugs (Vlad et al .. 2008). 

I lowcvcr, till dote, most indicated drugs treat the symptoms of these ncurodegenerative 

disorders rather thnn preventing the underlying degeneration of neurons. Consequently there 

is a desire to develop novel therapies capable of preventing the progrcssh•e loss of specific 

neuronal populations that underlie pathology in these diseases (Lcgos et al., 2002; Naraynn e1 

al., 2002). lvlicrogliol inOnn1motion therefore serves as on important model for inveS1igating 

potential therapeutic entities for slowing the progression of neuronal cell death in 

neurodcgcnerntivc disordcr1. 

The transcription factor, nuclear factor koppa B (NFKB), hos been shown to control 

inOommatory responses in microglia cells. Activation of NF-KB is triggered by 

phosphorylotion ond subsequent dcgrndation of inhibitor of KB (licO). TI1is process 

subsequently leads to tronslocation of the free NFKB to the nucleus ,,here it promotes the 

expression of proin011mmotory genes such as the prolnOnmmntory cytokincs (TNFa. 11.-6, 

IL-IP. etc.), cyclooxygenase-2 (COX-2), and inducible nitric oxide synthose (iNOS). 

lvlitogcn-netivatcd protein kinases (t.'IAPK) ore critical rcgulntors of pro-inOommotory 

cytokines (TNFa, IL-6 ond IL-IP) during lnOQ/nmntion (Solimnn e1 al., 2012). Of the 

�IAPKs, the p38 has been central to nnti-inOon1motory drug discovery for years due to its 

imponancc in the production of the proin011mmotory cytokincs ond other mcdiator1 

(Schlopbnch and I luppcrtz. 2009). p38 produces inOi1mmation by acting on MAPK-aeti\'otcd 

protein kinosc-2 (MAPKAPK2 or MK2). �IAPKAPK2 ls stimulated in o ,vidc range of 

inOommotory conditions and ls a potential target for ontl-inOommotory dn1g de,elopmcnt 

(DumiSllnty et al .• 2008). MK2 octlvotion and expression have been shown to be inc�cd in 

microglio cells stimulated with LPS and gnmmD interferon (Culbcn el al., 2006). 
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2.6 Neurodegeoenitioo nod fn011mm11tloa 

The aduh brain conuins I 011-1012 neurons supponed by at least l\1 ice BS mo.n} ncuroglilll

cells (Emerit et al .. 200-1). There are different types of glinl cells: oligodcndrot)-1CS, 

microglial, nnd astrocytcs. These cells, especially microgli11. arc the equivalent 

monocytes/macrophagcs of the ccnrral nervous system (CNS). Recent studies hove 

dcmonstr:itcd a strong link between chronic inOommation and ncurodcgcncrntion. 

Alzheimer's disease (AD) is characterized by the death of c,ells in the hippocrunpus and the 

ffOntnl cortex secondary to chronic inOo.mmntion. In Parkinson's disease (PD), chronic 

inOammotion lends to loss of dopnmincrgie receptors in the substnntin nigrn. Amyotrophie 

lateral sclerosis (ALS) is another inOo.mmatory condition in which motor neurons ore 

ultimately destroyed. Multiple sclerosis (MS) is an autoimmune disorder in which 

inOo.mmatory cells auock the myclin sheath. Although activation of on acute infiommatory 

event is a necessary sctr-dcfonsc mecho.nism of the CNS against foreign antigens, prolonged 

activation of the infinrnmatory response can lead 10 chronic inflammation nnd cell death 

(Campbell, 2004). The CNS hos 1ery limited, if any, regenerative cap11cl1y; therefore, it Is 

very important to limit cell de,uh in thot region (Rossi nnd Co1111neo, 2002). Neural cell dcatl1 

occurs by either necrosis or opoptosis (Kandue et ,,1. 2002). In necrosis, there is oficn a 

definitive temporal cause of the death of the cell. In opoptosis, the stimulus for dcath initiates 

a cnsc:ade of events that uhimntcly leads to cell destruction. Necrosis in the CNS generally 

follows on acute ischcmic or traumatic injury to the broin (Emery ct al., 1998). Abrupt 

biochemical collapse in an arco of the CNS leads to the generation of reactive oxygen species 

(ROS) ond excitotoxins such ns glulllmate, cnlclum, and cytoklnes. The hallmark histologic 

features of necrotic cell denth ore mitochondrial nnd nuclear S\\Clling, ond cliromotin 

dissolution. This ultlmntcly lends to nuclcnr ond cytoph1smie membrane degeneration (Kerr cl

al., 1972). Apoptosis is also kno1111 ns programmed cell death and oncn dcrnonslnltcs 

histologlc features of ocute and chronic ncurologie diseases (Yuan and Yonker, 2000). After 

on ocute insult in the CNS, apoptosis often occurs in nrcos that ore not as scvcrcl) nrrccted by 

the acute injury. Apoptosis is  the secondary cause of the neuronlll cell death aficr an acute 

CNS lnjuf)', such ns ischemin (MocMonus ct al., 1993). I n  conlltl.St, in chronic 

ncurodegenerative diseases; apoptosis is the prcdorninnnt form of cell death (Smale ct al.,

1995). In an npoptotic event, a cascade of biochcn,icol re�tions occurs, activating proteases 

that destroy molecules necessary for cell survival. l listologicolly, the C)10plosm condc� 

mitochondria and ribosomes nggrcg11tc, the nucleus condenses, and chrom1uin 11ggrcgotes. 

\Vithin the apoptotie process. intracellular neldilicotion occurs and ROS lll'C generated. The 
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major executioners in apoptosis are proteases known l1S C4SJ)3SCS (Alnemri ct al.. 1996). 

Upsueam caspascs are activated by cell-death signnls (cg. tumor necrosis factor). The 

upstream casp;ises activate downstream caspases that directl) le.id to the dCllth of the cell 

(Shi, 2002). In the cascade of apoptosis, cytochrome T (from the mitochondrial electron 

tr.1nspo11 chain) is released. Members of a group of proteins, known as the BCL-2 fumily. arc 

either npoptotic or antiapoptotic. The balance of these proteins is crucial in stimulating or 

blocking the release of cytochrome T and initiating or blocl..ing the apoptosis cycle (Gross ct 

al .. 1999). In chronic ncurodcgcnerativc diseases, casp3SC•mcdiatcd opoptotic pnthwnys hnve 

the dominant role in causing cell dysfunction ll!ld cell death (Friedlander, 1997) 

2.7 Rodent l\lodcls ofNcuroin011mm111ioo 

In conventional trnnsgcnic onimol models of AD, ncuroinOnmmation is mainly known os n 

sccondlll)' response to sustnincd om)•loid·P (AP) overproduction and deposition. It includes 

microglial octivotion and variable involvement of the complement system nnd production of 

c)10kines (\Vyss.Coroy, 2006; Schwab eJ al., 2010: Krstic nnd Knuescl, 2013). Altogether, in

these models, the lnOammotory response is incomplete and less SC\'erc compnn:d to AD in

humt1ns (\Vyss-Coray, 2006). Jonelsins and colleagues detected early octh•otion of

innnrnmntory processes in the cntorhinal concx (but not hippocompus) of the triple

tmnsgcnic model (3;\ Tg) of AD nt 3 months or age (Janclsins ct al., 2005). Interestingly, the

ncuroinOammotion process wos concum:nt with the production and accumulation of

introcellulo.r 1\P but occurred prior to any significant cxtmcellular AP plaque deposition,

"hich monirests ot about 12 months of age in the 3xTg mice (Janelsins ct al., 2005). Of note,

this neuroinOammotor)• process ,vns characterized by n selective trend of increasing

expression of 'TNF-o nnd monoc)te chcmoattmclllnt protein-I (MCP-1), which \\ns not

detected for 21 other eytokincs tested (Janclsins tt al .. 2005). �lorcovcr, n substontinl

mlcrogliosis wns detectable at 6 months of ogc. Although, this study provided valuable

evidence for o contributory role of innnmmatory fnctors like TNF-o and �ICP· 1 in  AD

pathology, the model system rcplieates the familial but not spomdic type of AD (Janelsins tt

al., 2005).

An ideal diseosc model should rccapitulote causes, lesions, and symptoms in o chronological 

order similar to the actual disease {Du)ekacns et al.. 2008). A faithful model to the 

inflammation hypothesis of AD should be nn oged animal that rccnpitulates early chronic 

neuroinnammntion prior to hypcrphosphorylotion of tau and AP plaque deposition. In rot>, 11

neuroinOommntory process lasting more than 7 days is considered chronic 
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neuroinOammation (Moore ti al., 2009); and rodents older than 22 months arc considcrtd 

senescent (Bunon and Johnson. 2012). The following table presents potential rodent models 

of AD that present early neuroinOammation in the disease process and arc not genetically 

manipula1¢d by mutations related 10 AP or tau production. 
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neuroinnammation �1oorc ti al. .. 2009); and rodents older than 22 months lll'C considered 

senescent (Burton and Johnson. 2012). The following table presents potential rodent models 

of AD that present early ncuroinnammation in the disease process and lll'C not gcncticnlly 

manipuliucd by mutations related to AP or 13U production. 
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"1'1R>lC: �. I • "VU"""' ••• --

Nlodels P=lisposing fnctors/causcs Time of appearance of lesions Signs (time detectable) 

hp-Tau Al3 

LPS Peripheral immune challenge. ? ? Fear mcn1ory (?) 
chronic Spatial memory (?) 

ncuroinJlrunmotion 

Polyl:C Peripheral immune challenge. 3m 12.m Spotinl memory (20 n1) 
chronic (PHF, but not NFTs) (APP dc:positions) 

ncuroinO:munation 
ICV-STZ Disroptcd insulin signaling. 

chronic 
6-7\V 12,v Spatial memory 

Visual rccog.nilion me1nory (3,v) 
ncuroinflommntion 

!CV-OKA Lnhibition of scrine/thrc:oninc 2,v 6w Spatial memory(?) 
phosphnuscs I and 2A (PHF, but nol NFTs) (Non-librillar Al3 deposits) 

ICV- lnhlbition of tubulin formation/ ?(Tau ? (Amyloid plaque) Spatial memory ( 14d 10 21 d) 
colchicine microtubule brea.kdo,vn dcphospborylntion) 

p25Tg Upn:gulation of cPLA2, 4\'J s,v Contcxluol fcnr mcn1ory (6w) 
neuroinDammnlion 

IL-II} Tg Chron.ic neuroinDnmmation ? ? (lncrco.sed elcarnncc of Contextual fear men1ory (12\v) 
amyloid plaques) 

Anti-NGf' Blocknde ofNGF signaling ? (Neurolibrillary ? (Amyloid plaques) Visual recognition memory (4 m): 
antibodyTg path,vny pathology) Spatinl memory (9 m) 

This rable summariz.cs the suggested models of lote-<>nsct AD (LOAD) disploying neuroinflnmmntion tlS one of the prominent pathological events 

(Abbreviations: ? Ullllvniln.ble dnt:i; LPS: lipopolysnccharidc; Polyl:C: polyriboinosinic-polyribocytidilic acid; p2S Tg :p2S transgenic n1odel; 

NGF:ncrve gro,vth factor, lL-113 Tg: interleukin-IP unnsgcnic model; lCV: inlraccrcbroventricular, STZ: strcp1ozo1ocin: OKA: okndo.ic ocid; hp

·rau: hypcrpbosphorylntcd tnu; Af}: amyloid-13; PHF:p:iircd helicnl lilnmcnts; NFT:ncurolibrillary tangles; cPLA2: cytosolic phospholipn.sc 2; ,v:
Y.eek; m:month). (Ncw:n1 �, al., 20 IS).

16 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



"rffDIC .&. I. l'.\IU'-..I•'- , .. -

Models 

LPS 

Polyl:C 

ICV-STZ 

ICV-OKA 

ICV-
colehicinc 

p25Tg 

IL-II] Tg 

Anti-NGF 

ontibod) Tg 

Predisposing fnctors/cnuscs 

Peripheral immune challenge, 
chronic 

ncuroioflnmmatioo 

Peripheral imm.une challenge, 
chronic 

neuroioflnmmntion 
Disrupted insulin signaling. 

chronic 
neuroioflammotioo 

lnhibition of serine/threonine 
phosphOlllSCS I Md 2A 

Inhibition oftubulin formation/ 
microtubule breakdo,vn 

Uprcgulation of cPL/\2, 
oeuroin!lornmotion 

Chronic ncuroin!lnmmation 

Blocknde orNGF signaling 
palh\\.':lY 

Time of appenronc:e of lesions Signs (time detectable) 

hp-Tou Al}

? ? Fear memory(?) 
Spolinl memory (?) 

3m 12m Spntinl memory (20 m) 
(PHF, but not NFTs) (APP depositions) 

6-7,v 12,v Spatial memory 
Visuol recognition men,ory (J,v} 

2,v 6,v Spa1iol n1emory (?} 
(PHF, but not NFTs) (Non-fibrillor Al3 deposits) 

?(Tau ? (Amyloid plaque} Spolial memory ( 14d 10 21 d) 
dc:pbosphorylotion) 

4w s,v Contextual rear mc:rnory (6w) 

? ? (Increased clenmnce of Contextual fear n1en1ory ( 12w) 
omyloid plaques) 

? (Ncurofibrillary ? (Amyloid plaques) Visual recognition memory (4 m), 
pathology) Spatial memory (9 m) 

This toble summarizes 1.he suggested models or late-onset AD (LOAD) disploying ncuroinflnmmatioo os one of the prominent palhologieoJ events 
(Abbreviations:? WU1vn.ilable dato; LPS: lipopolysoccharide; Polyl:C: polyriboioosinic-polyribocytidilie acid; p25 Tg :p25 tronsgenic model; 
NGF:oerve S,0\"1h fw:tor; IL-I 13 Tg: interleukin-I 13 transgenic model; JCV: intracerebrovcntriculnr, STZ: streptozotocin; OKA: okndnic acid; hp
Tau: hypcrphosphorylated tau; /\jl: amyloid-(3; PHF:paired helicol filaments; NFT:neurofibrillary tangles; ePw\2: eytosolie phospholipase 2: w: 

,,eek; m:monlh). (Nrw:m et al., 2015). 
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) 

2.7.1 LPS lJ'1>UCED NEURODEGEl\"ERJ\TJON 

Toll like receptors (TLRs) recognize invuri:lllt microbial molecules, including c-0mponcnts of 

the b3ctcrinl cell w.ill such as lipopolysncchnride (LPS) and microbial nucleic acids (f akcda 

ti al .. 2003). The proinfhllllmotory cytokine, TNF-a kills neurons and is elevated in the bruins 

of patients with neuroinflnmmlllory disc:iscs. LPS is a potent inducer of TNF-o and its 

odministrution results in significant microglia activation and sustained clevntion ofTNF-a m 

both the substontio nigro ond the corpus slriatum, even se\'enil weeks aficr the sole initial 

c.-<posun:. (Ling et al., 2004). Microglin, the sentinel cell of the bmin responds to pathogens, 

prointlammatory cytokines, neuronal dysfunction, and ccllulnr debris ofter injury or necrosis. 

These cells nrc at the forefront of the defense mcchanisnlS that could set the conditions for 

repair or contribute 10 neuronal damage. Such equilibrium might depend on the expression 

and function of specific TLRs nnd how they are activated by endogenous and exogenous 

ligands and signals. Recognition of such signals leads to transcriptionol octivotion of innate 

immune genes. Bacterial cndotoxin LPS is o TLR4 potent stimulator of macrophages, 

monocytcs, microglia, and ostrot)1CS causing release of various immunoregulotory and 

prointlammator) cytokincs and free mdicnls. Neurons do not express functionol TLR4. Thus, 

LPS docs not appear to hove a direct effect on neurons, mnklng it on id�I nctiv:uor to study 

indirect neuronal injury mediated by mieroglio activation (Dutta et al .. 2008). LPS binds to 

its intermediate receptor CDl4 and in concert with TLR4 and accessory adaptor protein l\it02 

causing a triggers the activation of kinoses of vRrlous intrnccllulor signaling pothways. The 

MyD88-dcpendcnt coscade initiates NF"B activ111ion through the IKKs and/or the MAPK 

pathway, leading 10 the upregulotc:d expression of prointl11mmotory cytokincs (TNFo, LL-IP) 

and increased production or other in011mmotory mcdintors (NO and PGE1, synthesized by 

iNOS and COX-2, respectively.). 111csc soluble mediators collectively dnmogc neuron. 

�l�!P-'.land aSYN released by stressed neurons oggravote microgliol activation. 

The inflammatory process in the bmln, accompanied by changes in the lt\cls or 

prointlammatory cytokincs and ncurotrophins, along with the presence or activated microglio. 

hos gained much attention in the nru of neurodegcncmtivc discnscs. Activated microglio 

produce either ncuroprotcctivc or neurotoxic factors. Unlil-e the direct death of neurons 

caused b) ncurotoxins, endotoxin mediated ncurodegencmtion seems to result from indirect 

neuronal death due 10 Inflammatory reactions. Bactcrinl cndoto:-<in LPS is Cllp:ible of 

octivoting glial cells. predominantly microglla, to release a \\Ide ,nricty of prointlommntOr) 

and neurotoxie factors thnt Include reactive OX)gcn nnd nitrogen species, prointlnmmotory 

17 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



cytokincs. nnd lipid mcdiQIOrs (Long-Smilh ti al., 2009). Cell cuhun: s1udics have Q number 

of mccbnnisms b) which inflammntory-:ictivated microglin and 11SU'OC)1Cs kill neurons 

(Brown nnd Neher, 2010). Studies employing enzyme inhibitors, neutrnlizing QJltibodics, 

specific inhibitors of inflommntory signaling palh11ays, and knockout animals b41c identified 

the soluble factors nnd signQling molecules involved in microglia nctil'ation ns major 

contributors to lhe e ndotoxin medi31ed neurodegenerotion (Dutta el al.. 2008). The 1011 

encoding ge ne wns first identified in Drosophila embl)OS. ,�here it has a role in dorso1en1rol 

n.xis dctcnnination (Anderson cl al., 1985; Hashimoto cl nl., 1988). Mnny organisms have 

muliiplc homologues of the Drosophila 1011 gene. which is  highly conserved omong s�ies 

(tvfedzhitov el nl., 1997). In venebrotcs, TLR (foll-like rcccp1ors) recognize pa1hogcn 

associn1ed molecular panems of bac1eri11. fungi, nnd viruses nnd ploy roles in host defense 

mechllllism. TLR4 lakes pan in recognition of strongly conserved pnttcms of grmn-ncgn1ive 

cell wnll components, LPS and discrimi nates indigenous from foreign molecules (Ganglo ti

al., 2003). In TLR4 signaling, TLR4 mus1 first associate with its c.xtr.1ccllular binding 

partner, mycloid dilTcrentialion factor 2 (�10-2), before ligands can bind to the TLR4-MD-2 

complex (Shimuu el al., 1999: Nogoi cl al, 2002). The TLR4-MD·2-Ligand complex fonns 

a hctcrodimcr with nnothcr TLR4-MD-2 lign nd complc>. nnd 1hc signal is transferred 10 1hc 

TLR4's Toll/interleukin-I receptor (TlR) domain. The signal is then further 1ronsduccd vio on

unknown mechllnism (Ganglo el nl .. 2003: Kobn)11Shi el al .. 2006). The si(ll!DI is 1hen

trnnsmittcd to 1,vo separate p:ith11:iys; tvly088 path octivoting NF-KB nod LFN·P (TRlF) path 

induced by ndnptor for Tolllll.r l receptor. In the MyDSS pnth, MyD88 odoptor-like protei n

(Mal or Tl RAP) mediates the TIR-TIR ossociotion bc11vecn TLR4 and �'ly088 (Homg, c1 al .. 

2002). This resulls in on interaction between IL-I receptor-ossocintcd kinnse (!RAK) ond 

Nly088 cnusing activation or the cnscode that leads 10 the phosphorylation of NF-KO 

transcription factors (Rell\ nnd pSO hctcrodimers) nnd Act ivator Pro1ein- l  (AP-I) which 

rcgulnlcs cxpn:ssion of proi nOnmmotory cytokines (Akim el n/., 2006; Kawai and Akiro. 

2007). In the other pnthway, TRIF and TLR4 require an adaptor molecule called Tiv\M 

(TRAP3· or TRAF6) for tronsduction of ilS signal (cndocytosis of the TLR4 receptor 

complex) (Rowe ct al .. 2006; Tonlmuro cl al •. 2008). After incorpomtion of TRAF3- or 

TRAF6, TRIF forivords the signal lo the �I adaptor molecules (TRIF-binding kinase

(TOK-) IKK or RIP) (Hocker et al .. 2006). TDK-IKK 1crmino1cs interferon regulator)' foclor-

3 (LRF-3) dimerization and unnstocotion into nucleus to induce IFNP S)'llthesis: in this way, 

TBK-IKK regulates cellular response to lnnommotlon (Poikoncn ti al. 2009). On the other 
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hnnd, R1P v.bich interacts ,vitb TRAf6 11c1h,ucs NF-KB through TAKI, ,,hich operates the 

snme o.s in the �ly088 p.Uhway, c:uusing lote phase NF-KB activntion (Hacker et al.. 2006). 

2.7.1.1 Nitric Oxide 

Nitric oxide (NO) is nn imponnn1 messenger molecule involved i n  many normal 

physiological functions such ,'IISOdilntion of blood vessels 1111d mediating communicntion 

bc"vccn cells of the nen-ous system. II is o go.s produced from L-arginine by different 

isoforms of nitric oxide synthase (NOS) involved in wricty or physiological systems. In 

addition to its physiological actions. free radical activity of NO con cnuse cellular damage 

through a phenomenon known ns ni1rosa1ive stress (Knoll nnd Dossy-\Vc12.el. 2009). There 

ore several e,•idcncc from studies supponing the notion tho1 excessive production and 

accumulo1ion of NO in the LPS-induccd ncuroinfuunmation leads to neurodcgeneration 

(Du1111 ti al .. 2008). Thus. incn:4.Sed NO ovoilobility subsequent 10 iNOS induction seems 10 

ploy an imponant role in the initilll ph11Se or ncurodegeneration. Hunter el al. (2009) ho,·e 

suggested that permanent C:\prcssion of the iNOS plnys n role in the progressive loss or 

neurons but not the inilinl loss Induced by LPS. Allhough 1he mcchnnisnl of NO mcdio1cd 

ncurodegcncnition still remains uncennin, ii hos been suggested lhat NO contributes to LPS

induced ncurodegenerotion through several meehnnisms. NO has been sho\\11 to modify 

protein function by ni1rosylo1ion and nhro1yrosinn1ion, conlribu1c 10 glu1m11atc cxci101oxicity, 

Inhibit mitochondrial rcspim1ory complexes, ponieipa1c in organelle frogmcntntion, and 

mobilize zinc from Internal stores (Knott llJld Dossy-\Vc12.el, 2009; Tsang QOd Chung, 2009). 

NO con react ,vith supcroxidc nidicnls to tbrm pcrox)11i1ri1c radicals 1hni nre shon-livcd 

oxid11n1s 11J1d highly domoging 10 neurons (Sznb·o c1 al., 2007: Dutta et al., 2008). 

t-litochondriol injury is prcven1cd by 1rcotmcn1 wilh L -N(6)-(liminoethyl) lysine, an iNOS 

inhibiior. suggesting that iNOS-<lerivcd NO is also 11SSOCia1ed with the milochondrlol 

impairment (Chol c1 al., 2009). NO inhibils cytochrome oxidasc in compclition with o�ygcn, 

resulting in glutnmote relcosc and c�cilotoxicity (Drown and Neher, 2010). The main ccllulor 

source of NO in the CNS is mlcroglio whereas ostroglio constitute the main defense system

ogoinst oxldntivc stress. 1 lowcvcr, under potbologicnl or chronic innommatory conditions, 

ostrogliol cells mny nlso rclcose ncuroto:-.ic mediators. 
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2.7.1.2 Rcacthc OX)gea Species 

A huge body of evidence suppons the in\'ohement of oxidath·e stress m the pathogenesis or 

ncurodcgcnerativc diseases (Tsang 1111d Chung, 2009). Besides NO. ROS generated by 

acti\'ntcd glia, cspcciolly microglia arc major mediators of the ncurodegcnc:rntion caused by 

inflammation (Outtn c1 al., 2008). ROS can cnusc lipid peroxidlltion, protein oxidation, DNA 

damage, nnd mitochondrial dysfunction. LPS.induced ROS production in n1icrogli11 is 

medi11ted by nicotinamide adenine dinucleotidc phosphate (NADPH) oxidase, a multisubunlt 

enzyme (Bro\\TI and Neher, 20 I 0). This comple.� is responsible for the production of both 

extracellular Md inuucellul.u ROS b) microglla. Activation of microglia NADPH oxidasc 

causes neurotoxicity through I\\O mechanisms. Firstly. e:-.trncellulnr ROS rclcoscd from 

activated microglitl ore directly toxic to neurons. Secondly. introccllular ROS amplifies the 

production of several prolnOammatory Md ncurotoxic cytokincs compounds such as TNr-a. 

proS1aglandin E2 (PGE2), COX-2. ond IL·IP (\Vang el al. 2004). The octivntion of the 

phagocyte NADPH oxidasc (PHOX) by cytokincs. LPS. or nrachidonic ncid metabolites 

causes microglia prolifcrotlon and inftnmmntory activation. PHOX is a key regulator of 

inflammation. Pharmncologic inhibition of NADPH oxidase pro\•ides protection against LPS

induccd ncurotoxicity ond PHO.X knockout mice have been sho11-n to be resistDnt to LPS

induccd loss of neurons (Qin cl al .. 2004; 200511). Gene expression and rdcase ofTNFa ,,as 

much l01ver in PHOX-1- mice tluln in control PltO.X+/+ ,nice (Qin el al .. 2004). By injecting 

LPS into the striatum of wild type ond Noxl knockout mice, it has been sho1vn that Noxl. o 

subunit of NADPH oxidase, also enhances microglia production or cytotoxic nitrite species 

and promotes loss of prcsynaptic proteins in striotol neurons (Ch'crct a1 al., 2008). Activation 

of PHOX alone causes no cell de.1th. but when combined with expressed iNOS, it results in 

extensive neuronal cell death via the production of pcrox)'llitrite (Brown and Neher, 20 IO). 

The rclntionship between the signaling pathway downstrenm ofnR4, oner LPS Slimulation, 

ond the activation or the oxidnse remains elusive, Using mice locking a functional nR4. It 

hos been demonstrated 1h01 TLR4 nnd ROS work in concen to mediate microglio activation 

(Qin ct al .. 2005b). Both nR4(-/-) and nR4(+/+) microglia display a similar increase in 

extracellular supcroxidc production when exposed to LPS. These datD lndiCllte that LPS

induccd supcroxide production in microglia is independent of TLR•I ond that ROS derived 

from the production of e.x1mcelluh1r supcroxide in microglia mediates the LPS-induccd TNf. 

a response of both the nR4-dependent Md independent 1)-'thwny (Qin e1 al., 2005b). 

The intcgrin COi lb/CDIS (�1ACI. macrophage antigen complex-I) p:111cm �ognition 

receptor mcdintes LPS induced production of supero:-.ido b) microglio (Pel cl al. 2007), 
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�IACI i s  o TLR4-indepcndent rcccplor for the endotoxin LPS �IACI is essential for LPS

induction of superoxide in microglin. implicating thllt MAC I acts o.s n critical trigger in 

microglin-dcrived oxidative stress during inflammation mediated neurodegcncration. 

2.7.1.3 Proinn11mm11tory C)1okincs 

Cytokincs nre smnll, nonstructural proteins ,vith molecular \\eights ranging from 8 to 40,000

d. Originally called lympholdnes and monoldnes to indicate their cellular sources, it became

clear 1h01 the term "cyt.okine" is the best description, since nearly all nuclented cells are

copable of synthesizing these proteins ond, in rum, of responding to them. There is no nmino

acid sequence motif or three-dimensional structure 1h01 links cytokincs. Rnther, their

biological activities allow grouping them into different closscs. For the most p:in. cytokines

arc primarily invotvc:d in host responses to disease or infection, ond ony involvement ,vith

homcosuitic mechanisms has been less than dramatic. Although cytokines ore similar to

hormones. they differ in that they ore synthesized by nearly nil cells accounting for less

.imount of the synthetic output, \\hel'CIIS hormones are produced by highly specializ:ed cells

accounting for primarily oll the cells synthetic output. Also, hormones are e.xpresscd in

response 10 homeostotic control signals, many of which ore part of o doily cycle, but i n

contrast. most cytokine genes ore not expressed (at least ot the tronslotional level) unless

specifically stimulated by noxious events. In fact, it lulS become clear 1h01 the triggering of

cytokinc gene expression is nearly identical to "cell strcssors." For cxomplc. ultraviolet light,

heat-shock, hypcrosmolority, or adherence to o foreign surface activate the mi1ogen-oc1ivo1ed

protein kinoscs (MAPKs), which phosphorylate rronscription factors for C)10kine gene

cxpn:ssion. Of course. infection ond inOnmmntory products also use the MAPK pothwoy for

initiating cytokinc gene expression. One concludes then that cytokines themselves ore

produced in response to ··stress," whereas most hom1oncs ore produced by o daily intrinsic 

clock (Janeway et al., 200 I). 

There ore presently 18 cytokincs with the name interleukin (lL). Other cytokincs hove 

rttnined their originnl biological description, such os tumor necrosis factor (TNF). Another 

woy 10 look 01 some cytoklnes is their role in infection and/or inllommation. Some cy1okincs 

clearly promote infinmmntion and ore called proinfinmmotory C)IOkines, ,,hcreos other 

cytokines suppress the ncti,•il)' of proinOommntory cytoklnes and are coiled nntl

lnOnmmotory cytokincs. For cxnmplc, IL-4, Jt.,..10, ond IL-13 ore potent activators of B 

l)mphOC)'ICS. Ho,,cver, IL-4, IL-10, and IL-13 arc also potent nnti-innnmmntory agents. 
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MJ\CI is  n TLR4-indcpendcnt receptor for the cndoto,in LPS. l\1ACI is  essential for LPS

induction of superoxidc in microgli11, implicating that l\lACI acts cs a critical trigger in 

microglfa-derived oxidntive stress during inHommntion mediated neurodegcneration. 

2.7.1.3 Proio011mm11tory Cytokinrs 

Cytokincs m small, nonstrucrurnl proteins wilh molecult1r weights ranging from 8 to 40,000 

d. Originally coiled lymphokines and monokines 10 indico1e their ccllulnr sources. it became

clear thot the term "cytokine" is the bcsl dcscrip1lon, since ncarly all nuclcn1ed cells arc 

copable of synthesizing these proteins and, in rum, of responding 10 then,. There is no 111nino 

acid sequence motif or three-dimensional structure that links cytokincs. Rother, their 

biological nc1ivities allow grouping them into different classes. For the most part, cytokincs 

::ire primarily involved in host n:sponses to disease or infection. and nny involvement ,vith 

homcosu1tic mcchnnisms has been less than dramatic. Although C)10kincs are similar to 

hormones, they differ in that they tll'O synthesized by nearly oil cells accounting for less 

amount of the syntl1ctic output, ,,hercns hormones ore produced by higJ1ly specialized cells 

accounting for primarily oll the cells synthetic output Also, hormones rue e.-:pressed in 

response to homeos1ntic control signals, many of "hieh are pan of a daily cycle, but in 

contrast, most cyt.oklne genes are not c:-presse<l (ot lea.st at the 1mnslotional level) unless 

specifically stimulated by noxious events. In fact, it has become clear thot the triggering of 

cytokinc gene expression is nearly identical to "cell strcssors." roe cXlllllp!e, ultraviolet light, 

heat-shock, hyperosmo!arity. or adherence to a foreign surface activate the mitogcn-:ictivQtcd 

protein kinnscs (l\lAPKs), which phosphorylate transcription factors for cytokine gene 

expression. Of course. infection and inflammntory products also use the MAPK pathway for 

initiating cytokinc gene expression. One concludes then that cytokines themselves arc

produced in response to "stress," �' hcrcas most hormones nre produced by o daily intrinsic 

clock (J11ncwoy el ol., 2001). 

There nrc presently 18 cytokincs with the name interleukin (TL). Other cytokincs have 

retained their original biological description. such ns tumor necrosis factor (TNF). Another 

way 10 look at some cytokincs is their role in infection and/or inflnmmolion. Some cytokincs 

clearly promote innammation and nrc called proinflammotory cytokincs, \\herens other 

eytokincs suppress t11c acth•ity of proinflammatory cytoklncs and m Clllled o.nll· 

innnmmotory cytokincs. For example, !L-4, !L-10, and !L-13 llCC potent acliYlllors of B 

lymphocyces. Ho,vcvcr, lL-4, IL-10, and IL-13 arc also potent o_nti-u1nommatol') agents. 
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They DIC anti-inflamuuitory e)iokincs by vinue of their 11bilil) to supp� genes for 

proinflnmmatory cytokines such os IL-I, TNF, and the chcmol..incs (O\,cn ti al .. 2013). 

Interferon (LFN)-y is ll!lother exnmple of lhc pleiotropic nature of C)1okincs. Like IFN-a and 

IFN·P, LFN-y possesses antiviral acti\•iiy. IFN-y is 11lso an activator of the p:ithway thot le.ids 

to cytotoxic T cells. Ho,\cver, IFN-y is considered a proinflnmmn1ory C)1okinc t>e«usc it 

augments TNF activity 1111d induces nitric oxide (NO). Therefore. listing cytoldnes In various 

cntcgorics should be done 1vilh on open mind, in that, depending on the biologicol process. 

nny cytokine may func1ion dilTercntinlly (Janeway ti al .. 2001). 

The concepl that some cytokincs func1ion primarily to induce inOommotion while others 

suppresses inOnmmntion is fundamentnl to cytokine biology ond nlso 10 clinical medicine. 

The concept is based on the genes coding for the synthesis of small mediator molecules thnt 

ore up-rcgulntcd during inflrunmotion. For exlllllple, genes thllt arc proinOan1n1atory nrc type 

II phospholiposc (PL) A2, cyclooxygcnose (COX)-2, and inducible NO synthase. n,esc

genes code for enzymes thnt inerC3SC the synthesis of plntele1-ac1iva1ing factor ond 

lcukotriencs, prostnnoids, nnd NO. Another class of genes thut ore proinflnmmatory ore 

chcmokiocs, which ore smnll peptides (8,000 d) that fncilitntc the passage of leukocytes from 

the circulation into I.he tissues. TIit prototypical ehemokinc is the ncutrophil chcmo:ilU'Qclllnt 

IL-8. IL.-8 olso nctiviues neutrophils to dcgrnnulntc and C4USC tissue damage. IL-I and TNF 

ore inducers of endothelial adhesion molecules, "hich ore essential for I.he adhesion of 

leukoc)1CS 10 the endothcliol surface prior to cmisrntion into I.he tissues. Taken together, 

proinOrunmotory c)'1okinc-mcdiotcd inflrunmntion is n CMCOde of gene products usually not 

produced in hcolthy persons. \Vhot triggers the expression of these genes? Although 

inOommntory products such ns cndotoxlns trigger it, the cytokines IL-I Md TNF ore 

paniculnrly clTcctivc in stimulating the cxpl'($$ion of these genes. �1orcovcr. IL- I Md TNr 

act syncrgisticolly in this process. \Vhethcr induced by llil infoction. trouma. iscltcmla. 

immunc-octivoted T cells. or toxins, IL-I ond TNF inilintc the cnscndc of inflammatory 

mediators by tnrgcting the endothelium ( Owen et al., 2013). 

Anti,inflommn1ory cytokincs block this process or ot least suppress the intensity of the 

cast4dc. Cytokincs such o.s 11.-4. IL-10, IL-13, ond transforming growth factor (TGF}-P 

suppress the production of IL• I, TNF. chcmoklncs such IIS IL..-8, and \'DSl:ulnr adhesion 

molecules. l11crcforc, o "bolonce" bet\\-cen the elTccts of proinflommntory nnd 111\ti· 

lnOommotory cytokincs Is thought to determine the outcome of discnsc. \\helhcr in the �hon 

term or tong tcml. In fact, some studies hn\'c sugg�t that susceptibility to disc� is 
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genetically de1ennincd by the balance or expression of either proinO:immatol} or an1i

in.flillll1Dll10ry cytokines. Howe,er, gene linkage studies :ire often difficult 10 interpret. 

Nc\erthcless, the deletion of the IL-10 gene in mice rcsuhs in  the sponumcous development 

of II fllml inOommatory bo\\el disease. Deletion of the TGF-PI gene nlso results in a 

spontru1eous innammotory disellsc. In miee deficient in IL-I receptor nn111gonist (TL-Rn), 

spon1t111eous disease that is nwly identical 10 rheumntoid orthritis is obser\·ed (Owen ti al,,

2013). 

The synergism of IL-I and TNF is II commonly rcponcd phenomenon. Clearly. both 

cytokines ore being produced 01 sites of loco I inOomm111ion, nnd. hence, the net cfTcct should 

be considered when making correlations between C)1okinc levels and severity of disease. 

There is nlso synergism between CL-I nnd bmdykinin as well os between IL-I or TNF and 

mesench)'lllBI gtO\\th foctors. MOSt rcleVllllt to p:lin is the incre:isc in prostnglandin (PG)-E, 

stimulated by IL-I or the combination of LL-I and TNF. IL-I also lo11crs the threshold of 

pain prim11rily by increasing PGE1 S)'llthcsis (Schweizer ti al., 1988). 

HumMs injected with IL-I experience fever, headache. myalgias, nnd nrthralgias, each of 

1\bich i s  reduced by the coodminislration of COX inhibitors (Smith el al., 1991). One of the 

more universal activities of IL-I is the Induction of gene expression for type U PLA1 ond 

COX-2. LL-I induces the transcription of COX-2 ond seems 10 have linle effect on the 

increased production of COX-I. t.lorcovcr, once triggered, COX-2 production is elevated for 

several hours nnd l11rgc amounts of POE, ore produced in cells stimulated ,vith 11..-1. 

Therefore, it comes as no surprise 1h01 mnny biological activities of IL-I ore actually due to 

increased PGE, production. There appears 10 be selectivity In COX inhibitors. in that some 

nonstcroidal anti-inflammntory ogenlS arc belier inhibitors ofCOX-2 than of COX-I. Similar 

to COX-2 induction, IL-I prcfercntinlly stlrnulotcs new transcripts for the inducible type It 

form of PLA1, which clcntcs the foll) ncid in the number 2 position of cell membrone 

phospholipids. In most cnses. this is 11mchidonic acid. The release of arochidonic acid is the 

rote-limiting step in the S)'llthcsis of PGs o.nd lcukotrienes. IL-I nlso stimulates incrcoscd 

lcukotriene synthesis in mony cells. 

2.7.1.4 Cyclo-Oxygcnasc-2 nod Prostnglnndln E2 

Prosmglondins nre potent autocrine and parncrine oxygcnntcd lipid molecules that contribute 

apprccinbly to ph}siologic and pathophysiologic responses in brain and other orgl\l\S 

(Cllmino et al.. 2008). Emerging dnto indica1e that PGE1 pl:irs o central role in 

ncurodegenerotivc discnscs. PGE1 signaling is mediated by in1cmc1lons ,vlth four distinct G 
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protein-coupled �ptors, EPl -i, \\ hich are dirrercntiall) c.,presscd on ncuronnl and g lial

c.ells throughout the CNS (Climino et al .• 2008). EP2 activation hns been sho,vn to mediJue 

microglin-induced parocrine neurotoxicity es \\CII as to suppress the lntcmalizntion  of 

aggregated ncurotoxic peptides in microglia (Jin ti al .. 2007). POE2 is produced at high 

le\'els in the injured CNS, "here it is gencrnl ly considered o cytotoxic mcdintor of 

inflammation. LPS upregulates the expression of COX-2 and incrcnse the release of PGE2 In 

cultured microg lin (Dutta et al.. 2008). Double labeling using immunohistochemistry 

identified that activated microg lia ruthcr than inlllct resting microg li a  arc the main 

intracel lular IOClltions of COX-2 expression (Dutta et al., 2008; Sui et al., 2009). In vivo 

phnrmacologic�I inhibition of COX-2 activity protects nigrul dopaminergic neuronal loss ond 

decreases microgl ial activation induced by inll'llccrebrul LPS injection, supporting the role of 

COX-2 in the pathogenesis of ncuroinflnml!llltion·mcdiated neurodcgenerntion (Hunter ct al, 

2007: Li et al., 2008; Sui et al., 2009). Funhcrmore, there is in-vitro and 111-vit·o evidence that 

microsomal pros111glandin E synthase (mPGES-1) ond COX-2 tl1rough concerted dc-novo 

synthesis nccessitDte PGE2 production in octivnted microglia. Activation of cultured spinal

microglia via TLR4 produces PGE2 and causes NO relensc from these cells. showing thot 

COX-PGE2 pnthwoy is regulated by p38 nnd iNOS (Matsui ti al., 2010). These findings 

emphasize that p38 in spinal microglia is a key player among inflammatory mediators, such 

as PGE2 nnd NO. 

2.8 i\'ricroglln l Cells 

The odult human bmin contains scvcrnl tri llions of neurons supported by at ICllst twice os 

much ncuroglinl cell. There ore ot least three different t) pcs of gliol or supporting cells: 

oligodcndrocytcs, microgliol ond ostrocytes. The microglio cells ore the equivalent of 

monocycs/mocrophogcs In the central nervous sy5tcm. Microglio cells represent I 0% of the 

cel ls in the adult cen1r11l nervous system (CNS) and ore morphologically chor.ictcrized by 

small somos ond ramified processes. Following octivotion in response to infection. or during 

infiommotion thnt occurs o s  p.irt of tho pathogenesis of diseases such llS multiple sclerosis or 

os o result of CNS injury, lOCIII microglio cells undergo morphological changes 1h01 include 

shortening of ce llular processes ond enlargement of their som11s. l\-licroglio cells also respond 

to 'foreign' mnteriol such os aggregated amyloid-P (El Khoury et al .. 1996; Akiyl1lllo et al ..

2000; McOecr ond McGccr. 2001). Pnrenohymol microglia cells ore m)cloid progenitor cells 

that can dl!Tcrentiotc Into mncrophngc-likc or dcndritic-likc cells "hen stimulated "ith 

macrophage colony-stimulotins factor (M-CSF) and therefore ocquln, onllgcn-prcsenting 
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properties (Minghcni, 2005). Ac1iva1cd microglia cells up-regulate the e.-.:prcssion of cell

surface proteins �11-IC class II molecules, COi lb and SC11vc:ngcr rcccp1ors) and produce 

C)10kincs (rumor-necrosis factor (Th'F), intcrlcukin-6 (CL-6) and LL-I) and chcmokincs 

(CXC-chcmokine ligand 8 (CXCLS) and CC-chcmoklnc ligand 3 (CCLI). In response 10 

amyloid-P deposition in Alzheimer's disease, microglin cells express difrcrcn1 cell-surface 

receptors and can differenti:uc into cells ,vith Vl1f}'ing properties. For example, 1hey can gain 

phagocytic properties by expressing cell-surface SCQvenger receptor molecules or neurotoxic 

properties by increasing the production of rcncth•e oxygen species (ROS). l11-vf1ro, librillar 

amyloid-P, alone or with other activators, can s1imula1c the production or neuro1oxic ROS by 

inducing the expression of NADPH oxidasc nod inducible nitric-oxide synthase (iNOS) by 

microglia cells and macrophages (Van �luis\vinkcl el al., 1999; Ishii, cl ol .. 2000). Amyloid

p can also indirectly stimula1c iNOS e.-.:prcssion by neuronal cells and subsequent nitric oxide 

(NO)-mcdiatcd neuronal-cell opoptosis in response to microglial-ccll-sccrctcd TNF-a 

(Hcnckn ct ol .. 1998; Combs cl al., 2001). Both lipopolysaccharide (LPS) and nmyloid-P· 

activated mlcroglia cells cause neuronal-cell death in hlppocampal sections. Nevertheless, 

there is no clenr evidence for n1icroglia cell neurotoxicity in  vi,o. It has been proposed that 

the clinical symptoms that occur as p11rt of Alzheimer's disease pathogenesis ore due 10 n 

gradual increase of nmyloid-P levels above II threshold that is no longer controlled by 

endogenous microglh1 cell clearance. 1 lowevcr, it ls possible that dysfunction of microglio 

cells could also hove o pnthological role at ®rly phases of the dise.ise (Streit, 2004). There 

are several studies of Alzheimer's dise:ise showing thot microglin-ccll nctivntion can lead to 

omyloid-P clCDrtlllCC supporting the concept that nn important immunothcropcutic avenue is 

through microgli11-ccll nctivotion in n monncr thnt leads to omyloid-1} removal "ithout 

toxicity (Nicoll el al., 2003; Akiyama ond McOccr. 2004). During and after ph11gocytosis of 

amyloid-P, microglia cells might c,xprcss cell-surface MHC 0l11SS IJ molecules and htlS been 

observed for on1)'loid-P-libril-nssocintcd microglio cells fron1 patients ,vith Alzheimer's 

disease (Akiynmo et nl .• 2000; !vlcGecr and �fcGeer, 2001). Funhennore, compared with 

control brain tissue, microglia cells from post monem snmples taken from patients with 

Alzheimer's disease hove incl'CllSCd expression of the pro-inflommotory cyto\..incs IL-II}. I L -

6, IL-8, IL-12 nnd TNF-a (t.lcGeer and McOeer, 2001). 
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propcnics (�linghctti, 2005). Acrivntcd microglla cells up-regulate the c.,pression of cell

surface proteins (�IHC class U molecules, CDI lb  and sC11vcngcr receptors) and produce 

cytokincs (tumor-necrosis factor (TNF), interlcukin-6 (IL--6) and lL-1) and chemokines 

(CXC-chemokine ligand 8 (CXCU) and CC-chcmokine ligand 3 (CCL3). In response 10 

amyloid-P deposition in Alzheimer's disease, microglia cells express different cell-surface 

receptors and can differentiate into cells ,,ith \'llrying propcnics. For c.Xlllllple, they can gain 

phagocytic propcnies by expressing cell-surface sca,cngcr receptor molecules or neurotoxic 

propenies by increasing the production of reactive oxygen species (ROS). /n-1•i1ro, librillar 

nmyloid-P, olone or ,vith other activotors, C110 stimulate the production of neurotoxic ROS by 

inducing lhe expression of NADPH ox_idasc ond inducible nitric-oxide synth11Se (iNOS) by 

microglio cells ond macrophages (Van Muiswinkcl el al., 1999; Ishii, l!I of., 2000). Amyloid

p con also indirectly stimulate iNOS expression by neuronal cells and subsequent nitric o:-.ide 

(NO)-mcdintcd neuronal-cell opoptosis in response 10 microglial-ccll-sccreted TNF-<1 

(Hcncko el al., 1998; Combs cl al., 2001). Both lipopolysncchnride (LPS) and amyloid·P· 

activated microglia cells cause neuronal-cell deoth in hippocan1pnl sections. Ncvcnhelcss, 

there is no clear evidence for microgllo cell ncurotoxicity in vivo. It has been proposed that 

Lhc clinical symptoms that occur as pan of Alzl1cimcr's disease polhogcncsis arc due to o 

grodual increase of omyloid·P levels al>ovc a threshold that is no longer controlled by 

endogenous microglia cell clcnroncc. 1 lo\\cvcr, it is possible that dysfunciion of microglio 

cells could also hove o palhologiClll role at early phases of Lhe disease (Streit, 2004). There 

ore several studies of Alzheimer's disc:isc showing that microglfa-<:cll octivntion can !cod to 

omyloid-P cle.irnncc supponing the concept that an imponant immunothcropeutic avenue is 

through microglio-cell activation in a manner 1h01 leads 10 omyloid-P rcmo,•al ,vithout 

toxicity (Nicoll cl al. 2003; Akiyama 11nd McGccr, 2004J). During Md after phogoc)tosis of 

amyloid-P, microglio cells might express ecll-surfocc �IHC chw II molecules nnd has been 

observed for omyloid-1}-fibril•:i.ssocintcd 1nicroglio cells from patients \\ ilh Alzheimer's 

disease (Akiyama el nl., 2000: 1',,lcGccr and �1cGcer, 2001). Funhcm1orc, compared ,vith 

control brain tissue. microglio cells from post moncm snmplcs taken from patients with 

Alzheimer's disease hove increased expression of the pro-inflnmmotory C)toklncs IL-IP, 11.,-

6, IL-8, IL-12 ond TNF-o. (McGccr and McGcer. 2001). 
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2.9 T Cells in Neuroinflamm:ation 

T cells are required for nn e1Tec1ivc immune response ogainSl n \\idc range or p:ithogens and 

for the generotion or immunological memory. T cell octhation ain be divided into I\\O

phases: an on1lgen-specifie signal delh ercd through the T cell :m1igen receptor, and 11

costimul111ory signal delivered through accessory moh:culcs on the T cell surface. Following 

oc1h1otion, T cells di1Tcren1iote 10 acquire distinct e1Tcc1or functions depending on the 

cos1imul111ory signal, cytokine environment, and the p:uhogcn iLSClf. Although C028 has been 

identified as the dominant costimulotory molecule, sc,crol other molecules have been 

described ns having II costimulatory function c.i; C054 or lCMI. Both have been sho\\'tl to 

be rendily resident on human noTvc C04+ T cells. A controlled study comparing the 

pru,icipotion of both in T cell diO'crcntiotion, ond with no added cytokines, showed that co

stimulation through either C03+CD28 or CDJ+ICMl-1 induced dilTcrcntiotion to T effector 

and T memory cells, but cos1imulo1ion through CDJ+ICA�l-1 also induced differcn1iation 10 

Treg cells whereas costimul111ion throu(;h CD3+c028 did not (Kohlmeier and Benedict, 

2003). 

111c response 10 antigen stimulation /11-vfl'o or no\'vo T cells is clonal ex-ponsion and 

differentiation into various populations of e1Tcc1or T cells. Eventually, these popul3tion of 

effector T cells contract in number leaving only a sn10l1 population of Ions lived memory 

cells with significantly greater frequency of specificity for 1hB1 p:inicular antigen (Sprenl ond 

Surh, 2002). tvtcmory T cells 111c qualitatively superior 10 nahe cells when lhlll p:uticulnr 

antiscn Is encoun1crcd ogoin in that 1hey eon respond 10 much lo,vcr conccnll'Otions or 

antigen, ore less dependent on costimulotory signals and display cfli:ctor functions more 

rapidly following octiva1ion than do naive T-cclls (Vcisn-Fcmnndcs cl al., 2000). 

Ocvelopmenl of noive T-cclls 10 the various c1Tcc1or stoles including mcn1ory T-ccll states is 

dependent upon signnls rccei,cd during nctivotion nnd dilTeientialion. It is not yei clw how 

many sets of signalling condilions con contribute 10 the varied diITcrcntiation outcomes 

available to naive T cells. Early nctiva1ion of nnivc T cells requires two diMinct signals 

(Frauwirth and Thompson, 2002). The first ls mcdia1ed b) in1ernc1ion of the T-ccll rcceplor 

(TCR) \\ilh its cognate antigen in the context or major histocomp;itibility complex. A noh·e T 

cell thnt receives only signal one, ,viii enter II Sl3tc of ancrgy or undergo apoptosis (Po\\ell. ti

al., 1998). The second, or cos1imula1ory, signal is delhcrcd through accessory molecules on 

the T-ccll surface and is an1igcn-indcpcnden1. The TCR and vnrious costimulotory s1gnols 

di!Tcrcntiolly contribute 10 T-ccll proliferation o.nd the acquisition of clTcctor functions. and 

also correlates with the onscl of memory mocker c.,prcssion ond incrensed cell dh ision 
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(Grogan ti al., 200 I; Bonnevicr and Mueller. 2002). C028 is lhc prototypic costimulotory

molecule, and its ligands, B7.1 (CDSO) and B7.2 (CD86), rue expressed on professional

antigen-presenting cells (Riley et al., 2002). Costimuli11ion through CD28 synergizcs "ith

signalling lhrough the TCR. driving T-cell 11ctiwtion b) enhoncing gene expression,

increasing prolifcrotion and intcrlcukin-2 (11,-2) production. pro\'iding protection from sign:il-

1-induced apoptosis. and cffccllvcly promoting lhe progression of T cells from nai\e t o

elfector and memory populations of both the Thi and Th2 phenotypes. In addition 10 CD28's

role in antigen-presenting cell adhesion, stimulation through leucocyte function-associotcd

antigen-I (Ll'A· I .  CD I lo., CD 18) also provides a costimulatory signol for T-<:cll octiwtion

(Kohlmeier et al .. 2006). Costimulotion of nahe human CO-I+ T cells through LFA-1 can

provide on initial burst of proliferation ond 11,-2 production but foils 10 enhance the exp:lllSion

of cell numbers or to promote cell viability (Palmer et al .• 200 I). The inability o f

costimulotion through LFA-1 10 cause human T cells 10 function i n  the s:ime mMncr as

CD28, makes LFA-1 on excellent control for studies. The role of resident intercellular

adhesion molecule-I (ICANl-1 . CD54) in T-ccll octivntion is considerably less \\•ell

cborocterizcd. ICA!\t-1 ls exp�d at low levels on resting nnd naive T cells. and is up

rcguhucd following activation or in response to pro-inftommotory mediators (Roebuck and

Finnegan, 1999). 

Infiltration of lymphocytes into the CNS during ncurodcgencrativc diseases is ,veil

cstnblishcd and the 1nolcculnr mechanisms underlying their recruitment into the CNS hns also

been well documented (Peterson ond Fujinami, 2007; RC7.lli-Zodeh 2009; E.ngelhnrdt, 20 IO;

Sorcscllo, 201 I; Fum11galli, 201 l). However, the controversy of scientific evidence for the

role of lymphocytes during neurodegenerotion has mged unob3ted for more than a half

century. It is now evident that oflcr infiltration into the CNS and recognition of cognote

antigcn/MHC, peripherally activ11t0d lymphocytes can initiate inOommatory response in the

CNS which can be either ncuroprotcctive or neurotoxie (E.ngclhll!'dt and Ransohoff. 2005;

E.ngelhordt, 2010). The p11thogcnle role of T cells h11S been demonstrotcd in

neurodegcnerntive diseases causing neuronal death (Fee, 2003; Appel, 2009: Brochard, 2009:

Huang, 2009). The extent of the CNS injury during ncurodcgenerotion hos been correlated

with the incrcnsc in T cells infiltration into the CNS suggesting the greater the inOltrotion, the

greater !he ncuronol injury (Popovich cl al., 1997). II hos been suggested that lhcsc

inliltmting T cells enn also n1cdla1e cell dcolh and demyelinotlon in ncurodcgcncrnthc

discnscs. offccting other effector cells including microglln 11nd/or 1naerophogcs (Popovich el

of., 1996), The ndoptive transfer orT cells from spinal cord lnjuf) model mice ond EAE-
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induced mice to health} m:ipicnts result in development or P3J11lytic disease ,vhich further

suppons lhc pathogenic role ofT cells (Popo,·icll et al., 1996). It has been sho"n that during

neurodegcncnuion nnd brain injut). both T cells nnd B cells nrc acti\'atcd ,,hich ts rcfem:d to

ns nuto-rencth·c T cells or D cells (\Vru,g. 1992; Olsson, 1993). The number of au10-rcnc1ive

T cells is incrt:i.scd in neurodcgcncration and CNS trouma ru,d lhe} predominantly rclC4SC

lFN-y and TNF-a (\Vnng. I 992; Popovich et al .. 1996; Kil, I 999). l\.1orco\'cr. these cytokines

relensed by these nuto-rcnctivc cells can cMccrb:uc ischaemia nnd e.xcitotoxicity in the brt1in

during neurodcgencrntion (Viviani, 200-1). Studies hove also dcmonstmtcd that TNF-o

induces cell de,llh via apoptotic pathways nnd its concentrntion 11'lls nlso found to be elevated

during ncurodcgencrntivc diseases (l\.logi, 2000). In addition, activated CD-l+ T cells express

Fas-ligand (FosL), which hos been reported 10 induce cell death via apoptosis in

ncurodcgcncn11ive diseases (Dhtel, 2000). These Fas nnd FnsL ore rype I and n

trnnsmcmbranc receptors belonging 10 TNF/ncrve growth foctor ond TNF families' protein

rcspcttively (Nngato, I 995). The up-rcgulntion of Fas and their ligands have been

demonstrotcd in lhe CNS during ncurodcgcncmtive disense resulting in apoptotic cell dcoth

(Sabelko-Downcs, I 999). In addition, CDS+ T cells or e}'10toxie T lymphocytes (CTL) arc

proposed 10 be involved In direct killing of neurons in n NIHC-1 dependent n1anner (Mednno,

2001). The induction ofl'-IHC-1 expression in neurons via IFN-y has been documented nnd i t

has also been reported that the cytotoxieity of CTL in these neurons is mediated vin either

FllSL-mediated neuronal npoptosis or pcrforin-dcpendcnt lysis of neurons (Neumann, 1995;

Rensing-Ehl. 1996; Mcdnna, 2000). Moreover. both CD4+ T cells ond CDS+ T cells have

been reported 10 be cquolly neurotoxic ond mediated via direct cell c ontact mechanism

involving FnsL, LFA-1 and CD40 (Giuliani, 2003).

Despite tho proposed role of T cells in neurodcgencratlon, there is growing evidence for a

bcnclicinl or neuroprotective role of lymphocytes in neurodegcnerntivc discnscs (Nloalcm.

2000; Beer, 2008). Adoptive transfer of outo-rcacth·e T cells from EAE induced mice to

healthy recipient induces pathology (Popovich, 1996). However, when these cells a.re

transferred 10 the ,nice "Ith p:irtinl optic nerve crush, n model for secondary

ncurodegcncrntion, !hey were found to be bencficlnl (Monlcm, 1999).

2.10 Components or the Neurotnnommntory Cnscndc

Nitric oxide ond iNOS plR)S o ccntrnl role in microglio cell modulation of ncurodcgcnerntion.

Microglin cells being primary immune cells in the CNS hove sin1ilar actions to th:11 of

pcriphert1I mocrophages (Krcu12berg. 1996). Sustained nnd un<:ontrollcd nctivotion of
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microglia can lend to on cxces.s production or various factors that contribute to neuronal 

injury, most notably, nitric oxide, pro-ioOamm111ory cytokines (l�IP, TNF-a) (Gibbons and 

Dragunow, 2006), reactive oxygen species (ROS) (\\fang ti al. 2006) and glull1m:11e 

(Takeuchi et al., 2006). On activotion. microglia may produce excessive levels of nittic oxide 

via the increased expression of inducible nitric o�idc synth:ise (iNOS) (Brown, 2007) and 

these events can lead to o disruption of neuronal mitochondriBI electron trnnsport ch:iin 

function (Stewnrt and Healcs, 2003). In particular, nitric oxide selectively inhibits 

mitochondrial respiration at cytochrome C oxidase (comple.x IV), resulting in o disruption of 

neuronol ATP synthesis and an increased generation of ROS �lonClldn Md Bolanos. 2006). 

Furthermore. excessive NO production m:iy also be dctrimcnUII ns it is capable of inducing 

protein modifications, in particular S·nitrosylation and nitration (Zhong ot al., 2006). 

Thercrorc. on uncontrolled activation of iNOS in glial cells constitutes a critical e1•ent in 

inOnmn1atory•mcdiatcd neurodcgencrntion. In addition to iNOS, the octivution of NAOPH 

oxidasc (Mander and Bro1vn, 2005), mediates production of supcroxidc anion radical, 11hich 

re.acts 1vith NO leading to the generation of neurotoxie pcroxynitrite (ONOO) (Bal· Price ti 

al .. 2002), o highly reactive intermediate that hos been observed to inhibit ,nitochondriol 

respiration, induce cnspasc dependent neuronal apoptosis, and also induce gluuimatc release 

resulting in exeilotoxicity ond neuronal death (Bal-Price "' nl., 2002: 8ro11'11 ond Bot-Price, 

2003). In addition to these short lh·cd rc:ictivc intermediates, nctivotcd microglia also produce 

longer lived cytokinc.s which act 10 enhance the expression of iNOS and increase nitric oxide 

production. GS well GS to stimulate the relcnsc of additionol cytokincs that activate neuronal 

death si!llloling cascades. Microglio cy,okincs have been reported to induce the expression of 

tow affinity receptor CD23 in gliol cells, o protein known to mediate iNOS induction in 

macrophages (Oug:is ct nl .. 199S), resulting in iNOS induction ond subsequent incrca.sc: in 

nitric oxide production (Hunot at al .. 1999). Additionnlly, microglio C)'tokine production may 

play a deleterious role via their binding to specific cell surface receptors expressed in neurons 

that activate pro-opoptotic pathways. TNF-Q hns been shown to bind to the tumor necrosis 

factor receptor-I (TNFRI), triggering cnspasc-8 ncthntion via FGS•nssociotcd protein 1vith 11

dcoth domain (FADD). This leads to subsequent clcovngc of caspasc-3 which rcsulLS in 

neuronal opoptosis (NlncBwnn, 2002: Taylor et al .. 2005). 
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2.11 lntniceJlular Signaling and Rcgul.ation orNcuroinRa.mmalion 

The regulation or inOnmmatory 0)10kine production a.nd iNOS e.xpression in octivntcd 

microglia is under the control of intm-microglia mitogcn activated protein �inasc (MAPK) 

signaling palhwny and lhc NF-ld3 signaling e11SCodc. �1AP kinases, ,,hich include 

extracellular signal-regulated kinase (ERK 1/2), c-Jun N-terminol kinase (JNK lf213). and p38 

kinase (p38apy6), arc lmpol1ll.l1t in the U1111sduction or c:-.traeellular signals into cellulnr 

responses. \Vhen activnted these kinases phosphol') late both C)1osolic and nuclear target 

proteins resulting in the activation or unnscription rnctors (i.e. STAT-lf213, Nf-ld3. CREB, 

e-jun) that uhimatcly regulate gene expression (Chang and Karin, 2001). The increased 

expression of both iNOS a.nd cytokincs in microglia is panly regulntc.d by signaling through 

the �tAPK pathway (Bhnt cl a/, 1998; Culben el al .. 2006). For instance, activation of 

microglia cells with LFN-1 a.nd LPS hos been shO\\ n 10 lead to increases in iNOS a.nd TNF-<1 

expression via the ERK nnd p38 MAPK c�des (Bhat el al., 1998). Funhermore, JNK I 

(P11,va1c ond Bhat, 2006) and ERK �llll'Cus ti al., 2003) hove been shown to modulme iNOS 

induction in TNF-a/lL-1 �activotcd nstrocytes, suggesting that the MAPK pn1h1vays ploys a 

pivotal role In both LPS· and cytokinc-induccd production or pro-inflnmmatory molecule. 

Various transcription factors. including NF-KIi, oc1iv111or protein-I (AP-I), and the signal 

transducer and activator or tmnscription-1 (ST A T-1) ho,•e been sho,vn 10 be involved in pro

inOammatory responses in astroc)1CS nnd microglio cells. In 1cm1s or ncuroinflammation, 

NF-ld3 activ11tion hns also been suggested to mediate iNOS induction ond thus nitric oxide 

production (Bh11t el al., 2002; Oa11is el nl., 2005) and cytokine expression (Ja.na cl al., 2002; 

Nakajima cl al., 2006) in microglio cells. Funltcrmorc. Its octivntion is also implicated in 

cyclooxygcn11Se-2 (COX-2) expression in activated nstroc) tes (Dai 01 nl., 2006), a molecule 

which mediates prostoglandin form11tion and seems 10 pla) n signilicant role in 

neurointlammntory processes (Minghetti, 2004). lnnppropriote regulation of AP-I 11lso 

enhances the expression or pro-in011mmntory genes such as iNOS, TNF-o.. IL-Ip and COX-2 

in activated microgliol cells (Kong c1 nl., 2004; Boe el nl .. 2006) ond STAT-I is invohed in 

controlling iNOS expression (Dcll'Alb:inl el al .. 2001). \\lith regards to the lotter, suppression 

or ST AT-I phosphorylation hos been shown to inhibit the expression of lntlammntol') 

molecules in ostrocytes (Choi el ol., 2005). 
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Figure 2.2: Potcnlinl involvement of MAPK in neurointl11mmntion. Activation of MA.PK 

signaling leads to the induction of prointlnmmn1ory transcription factors (STAT-I, NF•td3), 

which in tum leads to an incl'C3Se in the eliprcssion of intlommo.tory molecules such as iNOS, 

cytokincs and COX-2 (Spencer cl al., 2012). 

There is signi(icant interplay between these signaling pathways, transcription factors ond the

production of intlon1mn1ory molecules ond/or reactive oxygen species in glinl cells (Bhat ti

ol., 2002; Koistinoho and Koistinnho, 2002; \Vhiuon. 2007) and how these interactions play

out In response to toxins nnd/or nutrients is pi\'Otal in determining the ncurointlommotory

response in the brain (Figure 2.2).

2.12 Ncurodcgcocroti\'c Dlscnses

Ncurodcgcncrativc dise11Scs ore huge and accounts for at least IS% of the globnl burden of

discnscs (Cruz cl al., 2006). Although efforts o.rc gcorcd towards reducing the burden, the

Incl.. of complete understanding of the underlying biology o.nd disoriented scru-ch for reliable

therapeutics might account for the ycMly increasc of coses of ncurodcgencrothc diseases.

The progrcssh c toss of neurons in the CNS nnd the ass«ltucd functionol dc(icit of the

olTcctcd region nre unnbatcd in ncurodcgencrothc discoscs.
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Cell denth either via apoptosis or necrosis or both accounts for the loss o f  neurons (Dclcgge 

and Smoke, 2008). Various !CllSODS bii\'C been suggested for the degeneration of neurons o f  

the CNS including ageing. inflammation. stn:ss and trauma and genetic predisposition (Amor, 

2010; Collier, ti al .. 2011; Tolleney, 2011). A number of srudie� have shO\\'n a strong link 

bel\\CCn inflammation and neurodcgcncration but the el(llcl role for inflammation in 

neurodegenerative process has not been clearly dcfi.ned (Campbell, 200-l: Lucas el al .• 2006; 

De Legge nnd Smoke, 2008). It is not clear ,vhelhcr lhe inflnmm11tion e4uses the death of lhe 

neurons or tl1c inflommatory infiltrote ore simply n m1111ifestotion of the disease process but n 

numb<r of possibilities hll\'C been proposed (Peterson and Fujinnmi. 2007; Shrcsto cl al .•

2014). The possibilities o.re inflommotion c:iusing neurodegeneration or vice versa, other 

foctor causing inflnmmotion nnd/or neurodegenerotion or bolh processes occurs ns o cycle 

which nmplifics one Qllolher Qlld inflommotion might be protective:. 

The key features of CNS inflommntion on: microglio ec:ll octivntion, production of 

innnmmntory mediators locally, expn:ssion of Ml IC and adhesion molecules, release of free

radicals nod recruitment of immune cells (Lucas cl al . 2006). During neurodegeneration 

which probnbly comes aOcr inflammation has been initiated, either the recruited peripheral 

immune ec:lls, such as T cells sustnin inflommn1ion in the CNS or CNS resident ilnmunc 

competent cells such ns microglia o.s well 115 neurons, astrocytcs nnd oligodcndrocytes, 

release innnmmatory mediators to sustain lhe inflnmmotory process including recruiting more 

lymphocytes and immune cells 10 the CNS (Block ond llong. 200S; Kivis!!kk, 2009). Some 

other ncurodegencrotivc process mi1Y1t be initiated and sustained by lnfillrllting peripheral 

immune cells as seen In neurodegcrotivc disease of autoimmune origin. �lost commonly, 

inflammation starts \vilhin subarachnoid sp;icc which disseminates 10 other regions of the 

brnin (Kivis!lkk. 2009). During inflammation of the CNS, endothelial cells of the blood brain 

b:lrricr (BBB) express various selcctins nnd adhesion molecules that incrcllSC the migration of 

l)mphocytes from the systemic circulation to the pcriv.iscuh1r spaces of the brnin (Engclhorot

and \Volburg, 2004; Rebold!, 2009). Further, activated lymphoc}1cs also c:-.prcss various

reec:ptors including chcmokines receptors. integrins and sclcctins lhnt help 10 interact \\ ilh

their respective ligands expressed on the surface of cndolheUJII cells during

ncuroinnnmmotion (Govermon, 2009; Engelhardt, 2010). Activated lymphocytes and cells of

the CNS including microglia, astrocytcs, neurons and oligodcndroeytcs release various pro

innammotory cytoklncs such os IL-I. TNF-o.. IL-23, INF-y and chcmol.:incs includlng vnriou�

ncurotrophic factors which con contribute 10 the outcome of tlu: CNS inflammation

(Ncumnnn, 200 I; Kcrschc:nstcincr, 2009), There nre SC\tml ncurodc£eneroth c diseases
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including AD, l\1S. PD and stroke in ,vhich lymphoc)1cs nn: octh cl} invol\'Cd and believed 

to be a key player in the initiation or CNS infllunmntioo and prob:ibly progression of the 

disease. 

2.l3 Alzheimer's DISC!l$C (AD) 

Alzheimer.; disease (AD) is chnracteril.cd by dc111h of cells in the hippocampus and frontal 

cortex secondary to chronic inOammotion. Alzheimer's dise:ise (AD) is n progressive 

neurodegenerntivc disease that mostly offccts potients in their later stage of life (lsik. 20 I 0). 

Typicnl symptoms of AD o.rc loss of cognitive functions including emotion, leruning ond 

memory processing skills leading to dementia �1ottson, 2004; Jalbert er al., 2008). Grnduol 

progressive short-term memory fnilure, orientation problems and word-finding difficulties ore 

characteristic symptoms for which patients often seek medico! advice. In n1nny cnscs this 

combination or symptoms marks the beginning of cllnicnl Alzheimer's disco.sc (AD). \Vhile 

most patients present for diagnosis nre at 6S year.; of ogc and above, evidence suggestS thnt 

the pathological processes underlying this dcv11stnting ncurodcgcncrntivc disease sll1J1 years, 

if not decades, before o clinicnl diagnosis cnn be mode (Jock er al., 2013). 

The current parodign1 suggeS1s that the deposition of omyloid-P (AP) peptides marks the fim 

detect.able stages of the disease. AP is gcncrntcd constantly through the sequential action of 

hvo osportyl proteases. y-sccrclll.SC ond P·sccretnse, which cleave on1yloid prccur.;or protein 

(APP) (Querfurth and LoFcrln, 20 I 0). The amount of AP In the cerebral tissue is tightly 

controlled, as the processing, secretion ond degrndotion of AP ond its removal from brain 

pMcnchyma ore oll highly regulated processes. 

The tissue concentration of AP seems to be criticnl for maintenance of the peptide's structure, 

and a rise in tissue concentration Is the likely cnusc of misfolding and aggregation. \Vhile 

overproduction of AP, caused by mutations in the genes encoding APP and the prescnllins 

PSI ond PS2, occounts for the hereditary form of AD (Betro,n 111 c1I, 2010), impaired 

clenronce mechanisms ore thought 10 be responsible for the majority of sporadic, non

hereditary cases of AD (Mowucnyego et al., 2010) (Figure 2.3). Aggregation or AP transits 

the monomeric AP peptide into larger ollgomcric. librillor ond oggrcgotcd species" hlch ore 

necogniicd by various receptor.; 1h01 mediate the cndocytosis ond phagocytosis of the various 

AO forms. AP ollgomer.; ore considered to be the most ncurotoxle form when added dirtetly 

10 neuronal cultures (\Yaish ct 11/., 2002). However, /11 ,•n·o there is o dynamic continuum of 

AO aggregation fom1s, and the observed toxicity ond dcgcncrntlon could be n1cdiated partly 

vio pro-inOammotory cytokincs derived from octlvoted mlcroglio. or note, the san1c receptors 
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including AD, �IS, PD and stroke in \\ hich lymphOC)1CS ore active!) in,'Ohed and bclie,cd 

to be a key player in lhe initiation of CNS inflommation and probably progression of the 

disease. 

2.13 Alzheimer's Dlserue (AD) 

Alzheimers dise:ise (AD) is characterized by death of cells in the hlppocnmpus end fronlAI 

cortex secondary to chronic infltllllmation. Alzheimer's disensc (AD) is II progressive: 

neurodegenerotivc disease that mostly offctts p:iticnts in their lau�r stage of life (lsik, 2010). 

Typical symptoms of AD arc loss of cognitive functions including emotion, teaming and 

memory processing skills leading 10 dementia (Manson, 2004; Jalbert et al., 2008). Gradual 

progressive short-term memory failure, oricntlltion problems and ,,·ord-finding difficulties are 

characteristic symptoms for which p:i1icn1S often seek medic.ii advice. In many cases this 

combination of symptoms marks the beginning of clinical Alzheimer's disease (AD). \Vhile 

most patients present for diagnosis are 111 65 years of age and above, evidence suggests thnt 

the p:ithological processes underlying this devnslOting ncurodcgencnuive diseASe stnrt years, 

ifnol decades. before a clinical diagnosis can be mode (Jack et al., 2013). 

The current parndig1n suggests thM the deposition of omyloid·P (AP) peptides marks the first 

detectnble suiges of the discASe. AP is generated consuin1ly through the sequential action of 

two asp:irtyl proteases. y-sccrctosc and P-sccretDSC, which cleave omyloid precursor protein 

(APP) (Querfurth and Lafcrl11, 20 I 0). The amount of AP in the cerebral tissue is tightly 

controlled, os the processing, secretion and degradation of AP and its removal from brain 

p:irenchymn arc all highly regulated processes. 

1110 tis.sue concentration of AP seems to be critical for maintenance of the peptide's structure, 

and a rise in tissue concen1rntion is the likely cause of misfolding nnd aggreg:11ion. \Vhile 

overproduction of AP, eauscd by mulolions in the genes encoding APP and the prcscnilins 

PSI ond PS2, accounts for the hereditary form of AD (Betrnm ct nl., 2010), imp3ired 

clearance mechanisms ore thought 10 be responsible for the majority of sporadic, non

hcredimry c.ises of AD (Mawucnyegn et nl., 2010) (Figure 2.3). Aggregation of AP lnll\SilS 

the monomeric AP peptide into larger ollgomerlc, fibrillor and agsn:gatcd species \\hich ore 

recogni1.ed by various receptors thnt mediate the cndoc)�osis ond phagoc)1osis of the ,·nrlous 

AP fomis. AP ollgomcrs ore considered to be the most ncurotosic form ,,hen added directly 

10 neuronal cullures (\Valsh ct nl .. 2002). However, In vn'O there is o dynamic continuum of 

AP aggregation forms, and the observed toxicity and degeneration could be mtdiated partly 

via pro-inflarnmotory c:ytokincs derived from actlvo1ed mlcrogtlo. Of note, the �me receptors 
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that sense 1>3tbogcn-a.ss0<:iated molc:culo.r pancms such os bllc1crial lipopolySticcharide tllld 

viml surface proteins lllC nlso triggered by AP aggrcgntcs. h might thus be timt misfolded AP 

could rep�nt II conserved molecular p:ittcm for which the inn.Bit immune system hBS 

evolved immunological signaling receptors. Indeed, several microbes, including ooc1cri11 and 

fungi, express surface amyloids. also called 'curli fibers', that carry oul specific and essential 

functions for the microorgMisms (Hornmcr ti al .. 2001; Epstein ti al., 2008). Interestingly. 

Congo red, "hich still is used 10 s111in AP deposits in postmoncm brnins from p:iticnts with 

AD, ,vas originally also used ns o stain for bacterial omyloid fibrils. Thus, it i s  not fnr-fclchcd 

to hypothesize that the detection of ornyloid by pancm-recosnition receptors such os Toll-like 

rcccpiors (Tl.Rs), CD36 ond others on cells of the immune system in the brnin could hove 

evolved os o host response 10 microbial challenges. \\lhile many of the inflammatory 

mcdi111ors relc11Scd upon the activotion of such cells might aid in the function of the brain o.nd 

initially suppon the clcnrancc of pnlhogenic AP, others might directly compromise neuronal 

function Md survivnl and adult ncurogenesis (Monje ti al .. 2003). In conlroSI 10 on immune 

response 10 microbes, \\hich is 1enninotcd once the stimulating pnthogen hns been removed, 

sus111incd elevation of AP and continuous AP aggregation does not allow the resolution of 

lnnommation but instead fuels a chronic reaction of the innate immune systcn1. Over time, 

chronic ncuroinflommation causes distinct chnnges in the brnln, which probably contribute to 

the degeneration of neurons and, in tum, functional decline. 

The pothologicol impression of AD is chorncteriicd by the deposition of nmyloid-bclll (AP) 

protein plaques in the brain parenchyma and occumulotion of tou proteins ,vilhin neurons 

(Krouse Md Muller, 2010). These protein plaques nrc thought to interfere wilh synoptic 

transmission and neuron-neuron communication !eliding to neuronal deo1h (Ans, 20 IO; 

Alzheimer's-Association, 2011). Further, high levels of 1ou proteins wilhin neurons fonn 

tangles nnd block 1ronsponotion of nalricnlS or other , ital ccllulnr foctors throughout the cell 

which hns been suggested 10 be one of the rensons for cell de:uh in AD (Ballotore ti ol .. 2007; 

Iqbal, 2010; Alzheimcr's-A.ssociotion, 2011). In AD. amyloid-beto plaques and 111u proteins 

ore considered to be cruclol in the 1>3thology as the resultonl innornmatory process might be 

in response to the accumulating plaques ond tangles. The infiommotory responses in AD Cllll

be characterized by the up-regulation of cytokincs and chcmokincs alons "ith oc1ivo1lon of 

microglio (Akiyama cl al., 2000). 111e activated microglio clusters CM be seen neru- omyloid

bcta deposition site and these cells also c.xpress high lc,cls of t.'lHC-11. C)1okinc� and

chemokincs contributing 10 disease progression (Griffin, 1998; Streit el al, 1999). 
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that sense pathogen-associated molccultJI patterns such as bJcteri41 lipopolysaccharide and 

,iml surface proteins arc also triggered by AP aggregates. It might thus be that misrolded AP 

could represent a conserved molccultJI p:utcm for \1hich the innllte immune system has 

evolved immunological signaling receptors. Indeed, scvcrul microbes. including bacteria ond 

fungi, express surface nmyloids, also coiled 'curli fibers'. that cony out specific and essential 

functions ror the microorganisms (Hammer ti al .. 2007; Epstein cl al., 2008). Interestingly. 

Congo red. which still i s  used to stain AP deposits in postmortem bruins from patients with 

AD, 1vas originally also used as o stoin for bJctcrinl omyloid fibrils. Thus, it is not ror-fctchcd 

to hypothesize that the detection or omyloid by J>llltCm-rccognition receptors such as Toll-like 

receptors (TLRs). CD36 and others on cells of the immune system in the bruin could have 

c1olvcd as o host response to microbial challenges. \\lhile many of the inflammatory 

mediators released upon the activation of such cells might aid in the funttion of the broin and 

initially support the clearance of pathogenic AP, others might directly compromise neuronal 

function and survl\'111 and adult ncurogencsis (Monje cl al., 2003). In contrast to on immune 

response to microbes, which is tem1inatcd once tl1c stimulotinr, pathogen hos been removed, 

sustained elevation or AP ond continuous AP aggregation docs not 0ll01v the resolution or 

inOommatlon but instead rucls o chronic reaction of the innate immune system. Over time, 

chronic m:uroinOammntion c-11uscs distinct changes in the brain, which probably contribute to 

the dcgcncmtion of neurons ond, in tum, functional decline. 

The pathological impression of AD is chomctcriztd by the deposition of omyloid-bcta (AP) 

protein plaques in the broin poren0hyn10 ond occumulotion of tau proteins ,vithin neurons 

(Krouse and Muller, 2010). These prolein plaques ore thought to interfere ,,,ith synoptic 

Lronsmission ond neuron-neuron co111muniC11tion leading to neuronal death (Ang, 2010; 

Alzheimer's-Association, 2011 ). Further, high lei els of tau proteins ,vithin neurons form 

1nngles and block transportation of nutrients or other vital cellular fac1ors throughout the cell 

\\hich hns been suggested to be one or the rensons for cell deolh in AD (Ballatore el al. 2007; 

lqb3l, 2010; Alzl1eirner's-Association, 2011). In AD, omyloid-bcta plaques and 111u proteins 

arc considered 10 be crucial in tl1c pathology 11s the n:sultnnt inOommotory process might be 

in response to the accumulnting plaques and tangles. The inOammotory responses in AD cnn 

be choroctcrized by the up-regulation of cytokincs and chemokincs along With activation of 

microglia (Akiyon1a et al., 2000). The nctivntcd microglia clusters con be seen ne:ir am) loid

bctn deposition site ond 1hcse cells olso express high levels of ll'IHC-11. cytokincs ond

chcmokincs contributing to disease progression (Griffin. 1998; Streit et al., 1999). 
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that sense p:ithogcn-associatcd molcculAr p:iltcms such as b:lcterial lipopoly53ccharide and 

vir.1I surface proteins lll'C nlso triggered by AP oggrcgatcs. II might thus be that misfolded AP 

could represent a eonscr,·ed moleculM pattern for \\hich the innate immune system hns 

evolved immunologicnl signaling receptors. Indeed. scvcml microbes, including bncterin and 

fungi, express surfoce amyloids, also called 'curli fibers', that COIT)' out specific ond essential 

functions for the mioroorgnnisrns (lllllllmcr et al. 2007; Epstein el al., 2008). ln1ercstingl), 

Congo red, \\hich still is used to stain AP deposits in postmoncm broins from p:llicnts \\ith 

AD, was originoUy also used as a stoin for b:lc1crial amyloid fibrils. Thus, It is not for-fetched 

10 hypothesize that the detection of amyloid by poucm-recognition receptors such ns Toll-like 

receptors (TLRs), CD36 ond others on cells of the immune system in the bro in could ho, c 

c\'Olvcd os o host response to microbial challenges. \Vhile many of the inOommotory 

mediators released upon the ac1ivo1ion of such cells might aid in the function of the bmin and 

initially suppon the elcarnnce of p:ithogenic AP, others might directly compromise neuronal 

function and survivol and ndull neurogenesis �lonje ct al .. 2003). ln con1ros1 10 on immune 

response 10 microbes, which Is 1erminn1ed onoc: the stimulating pnthogcn has been removed, 

susu1ined elevation of AO and continuous AP oggrcgntion does not allow the resolution of 

innammntlon but Instead fuels II chronic reaction of the innate immune system. Over time, 

chronic neuroinnommotion CllUSCS distinct changes in the brain, which probably contribute to 

the dcgencrotion of neurons ond, in tum, functional decline. 

111e pathological impression of AD is chnroctcrizcd by the deposition of nmyloid-belll (AP) 

protein plaques in the brain porenchyino and nccumulntion of UIU proteins \Yhhin neurons 

(Krouse ond l\iluller, 2010). These protein plaques ore thought to interfere \vith synoptic 

transmission and neuron-neuron communicotion lending to ncuronnl death (Ang, 2010;

Alzhcimcr's-Assoeintion, 2011 ). Further, high levels of 111u proteins \vithin neurons form 

Ulnglcs nnd block transportation of nutrients or other \•ital cellular factors throughout the cell 

which hllS been suggested to be one of the reasons for cell death in AD (Ballotore tt al., 2007:

Iqbal, 2010; Alzheimer's-Association, 2011). In AD, om)loid-bcta ph1ques nnd tou proteins 

art considered to be crucial in the pathology as the resultont innammntory process might be 

in response to the accumulating plaques nnd tangles. 111c innommatory responses in AD c411

be chorocterizcd b)' the up-regulntion of cytokincs and ehemokincs along with octivo1ion of 

microglia (Akiyama ot al., 2000). The activated 111icroglin clusters con be seen near nmyloid
beta deposition site ond these cells also express high lei els of l\1HC-II. cytokines 11nd
chemokines contributing to disease progression (GriOin, 1998: Streit et of, 1999). 
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Figure 2.J: Clearance of AD, The AP precursor APP uhdcrgocs processing by proteases a-.

P·, Y· sccrctusc. AD monomers can assemble into AD oligomcrs ond fibrils {n1iddle). AP cllll

then redistribute into the extmccllulnr Ouid os wcll 11.S. directly or indirectly, into the blood

circulation (bonom leO). Futhcrmorc. microglin cells mkc up AP and degrade It (bonom

risht) nnd cnn thereby contribuu: 10 the clcnrnncc of AP (Henckn c/ nl .. 2015).

111ese microslio cells arc also in,olvcd in clc.iring ofnrn)loid-bcto and this function hns been

shown 10 be enhanced in the presence of TOF·P (\V)ss-Comy, 2001: 2006). In addition,

micth·c nstrocytcs also clusters at she\ or am) loid-bcla deposition and also expressing

,arious cytokincs. growth factors, adhesion molecules and proSUlglruidins which llll,e been

suggested to be invol\'cd in inhibition of microglia ability to clear ant) loid beta (�trok. 1996;

Dc\Vitl, 1998; I lnmpcl, 2005). l11c analysis of brain autopsy hGS also revealed that there i.!> 4

sisnilic1111t increase in inOommntory markers os ,�ell os on increase in c01npkn1cn1 octi,·otlon

ond l)sis of neurites in AD �objects ,,hen compared to non-demented subjccu. \\hich uho

strongly sugsests the invol\ement of inOnmmation in AD {\\lc:bstcr, 1997). There nn:

evidences for suggestion that it is the inOnmmotory response that le.ids to the recruitment of

l)lnphocy1es from the S)$tcmic circulation into the bmin. Also, T cells hn,'c been detected in

the brain of AD patients (fogo ct 11/, 2002). Sarc�lla. (2010; 2011) rcportt'J the up-
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rcgula1ion of T cells in lhe CNS of AD \\hen compared 10 he.1llhy con1r0ls. These srudies 

hove rcvc.ilcd on increased acti\lity of various subsets ofTcclls such llS Th-17 ond Th-9 in 

AD and cytokincs including I L -9, !l-21 and IL-23 released from these T cells are also 

increased in AD which hllS been suggested 10 be one of the factors in 1\0-associoted 

neuroinnommation (Sarcsclla.. 2010). II i s  evident tha1 T lymphocytes are prescnl and in,olve 

in AD neuroinflommotion, but 1he knowledge of its role is still cmcrgins, a better 

undcrs111nding of lhis phenomenon could help in scorch of nO\CI drug wgcts. 

Further epidemiologic evidence indica1ing tha1 innomma1ion i s  on impor14nl oon1ribu1or 10 

AD pathogenesis hns emerged from outcome of prolonged trca1men1 \Vith nonsteroidol anti· 

inflammatory drugs ond reduced risk of developing AD (\\lessen ct al., 200 I; Sastre ct nl.,

2003). Additionally, se\leml immunologic:ol mediorors, includins complemen1 foctors, 

eicosonoids, chcmokincs and cyiokines, are elevated in lhe bmin and cercbrosplnal nuid o f  

patients wilh AD, which indica1es that AD is on inflammatory process. The pathogenic 

importance of neuroinnammation in AD is becoming increasingly cvldenl. Ongoing 

neuroinflnmmo1ion in patients with AD can be visualized with ligands for posi1ron emission 

tomography, such os PK 11195, which binds to tl1e peripheral bcnzodiazcpine receptor 

e:<prcsscd on activated microglia cells (Cagnin et al, 200 I). Of note, onalrsis of PK 11195 

binding in poticnlS suffering from mild cogni1ivc impoinnenl, which represenlS a clinical 

precursor phase of AD. has helped 10 identify those pn1ients who \viii probably develop full 

AD within o certain time period (Ya.suno ct nl., 2012). �1orcovcr, generic and expcrimenml 

doto hove further changed 1hc perception of ncuroinflommotion in AO as a contributor to AD 

pathogenesis rather 1h00 an cxunneous reaction (l lnrold et al., 2013; Karch et al .. 2014 ). 

The deposition of AP in the bmin commences decades before clinical memory decline 

becomes e\<iden1 and before the diagnosis of AD (Jack ct al., 2013). Hence, the 1hough1 tl1a1 

AP dcposilS can ne1ivotc microglia, tl1e principal cfl"cc1or cells of the immune sys1em in the 

brain, early in disease pathogenesis is signiticnnt. 1\-llcroglia fonn a lnnice 1hroughou1 the 

bro in nnd express many inununologicnl receptors, such as TLR2, TLR4 and TLR6, as \\ ell as 

their co-receptors. including CD36, CD 14 and CD47 (\Veggen et al., 2001; Liu et al .. 2011 ). 

TI1cse receptors oflcn ncl 1ogether nnd 1hereby augment the response to AP e:-.posure. For 
example. recognition o f  tibrillar AP by CD36 triggers the fonnation of a T LR4-TLR6
hctcrodimer that results in signaling \llo the transcription factor NFKB in tra.nsfcc1ed l lEK293

hum11n embryonic kidney cells ond In microglio (Stewart ti al., 2010). Oclclion of �l)D88, 
the shored signaling adaptor for cytokincs of the in1crlculln IP (IL,-tp) family nnd TLRs.
improves amyloid pa1hology in 1he APP/PS I mouse model of AD (mioc lhot e\prcss
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llllllSgc:acs encoding mutnnt APP ond PSI) but results in onl} minor in1provcmcnts in 

cognitive activity (Lim et al., 2011; 2012). The microglia activation of the mitogcn-activatcd 

protein kinBSc p38, production or reactive oxygen species and phagoc)1osis of fibrillar AP

might also depend on the specific interaction ofTLR2, TLR4 and CD 14 beC4use ncutn:ilizing 

antibodies to these receptors onenunte or even block their respective fllnctions in microglia

likc 8V2 cells (Rced-Gcagban ti al .• 2009). �licroglia cells can olso be nctivnred b} AP 

oligomers before they form deposits in o process that requires tho scavenger receptor SR-A 

ond the nctivotcd potnssium ch11Mcl KCaJ.I �locznwn ti al., 2011). Stimulation by AP 

oligomcr.; occurs at low nnnomolar concentrations similar to those observed after stimulation 

with lipopolysaccharide. Hence, focal activation of microglia and ostroglia by AP can precede 

the deposition of ogsregated AP i n  APP models of AD, and this may begin earlier thnn 

previously anticipated (Hcmeka et al., 2005; \Vright et al., 2013). 

E,•idence from neurop.1thological evaluation Md imaging by positron emission tomography 

with rhe amyloid dye PiB sllggest that the first activation of rhe immune system rakes place 

within the limbic system and in particular in  the enrorhinal cortc.,c and hippocampus (Sojkovo 

and Resnick, 2011). It is conceivable that such activation could also result from the other 

factors acting QS DA�IPs, including ATP. chromogronin A or doublc-strnndcd DNA. leaking 

from damaged or degenerating neurons (Davalos ti al., 2005). A eon1plex formed by ovo 

members of lhc diverse family ofS 100 proteins, MRPS (S100A9) nnd MRP14 (SIOOAS), hos 

been found ro be incrcuscd in the brain and ccrebrospinnl fluid of human patients with AD 

(Rccd-Gcaghon tt al .• 2009; tvlncznw11 ct al .• 2011) . Mcrerodimcrs ofNIRPS ond MRPl4 ocr 

as DAMPS through the ocrivorlon of TLR4. Morco,c:r, �tRPl4-mc:diated inflommorory 

stimuli ore responsible for upregulation of the l}-site APP-cleaving enzyme DACE I. which is 

the rare-limiting enzyme of APP processing. These doll! support the hypothesis thot 

inflammatory molecules oct BS port of o vicious cycle by contributing to the generation of A�. 

Chronic nctivotion or microglia in AD might also lend ro microglia demise and subsequent 

replncemcnr through proliferation. One hypothesis is rhnt the microglia which proliferate i n n  

microcnvironmcnl of immunological acrivotion develop o gene-expression panem difTercnt 

from that of microglio that resided in the ofTccrcd brain orea before such ocri\ation. Over 

time. such newly generated. divergent microgli11 could susmln o chronic type of 

neuroinflommBtion in 1-\D. \\lhile this is an atrracrive hypothesis. the possibility that 
peripheral cells or the immune system arc t'«ruiled ro the brain ttnd contribute ro the
clc.1rnncc of AP cannot be completely excluded. Indeed. there is some evidence th3t cells of
the myeloid linCllge ore nuracred from rhe pcrlphcl') to the she of plaque formation in 0
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uunsgcnes encoding mutant APP and PS I) but rcsulis in only minor impro\cmenlS in 

cognitive atti\ily (Lim et al., 2011; 2012). The microgli:i acth-'lltion of the mitogen-:icti\'nted 

protein kinase p38. production of �ctivc ox)gcn species 1111d phagocytosis of librillnr Al] 

might also depend on the specific in1croc1ion ofnR2, TLR4 1111d CDl4 because neurrali1ing 

ll!llibodics to these receptors al!enume or even block their respective functions in  microglia

li�e BV2 cells (Rccd-Gcaghan et al .. 2009). Microglla cells cllll also be activated by Al] 

oligomers before they form deposits in a process that requires the scavenger rcceplor SR-A 

and the octiva1cd poUlSsium channel KCo.3.1 (Maemwo ct al, 20 I I). Stimulation by AP 

oligomcrs occurs at IO\\' nt111omolnr concentrotions similar 10 those observed nOer s1imulntion 

with lipopolysoccharidc. Hence, focal activation of microglio and astroglio by AP C4l1 precede 

the deposition of aggregated AP in APP models of AD, and this may begin earlier than 

previously onticip:ned (Hcneko ct al., 2005; \Vrigh1 el al, 2013). 

Evidence from neuropathological evaluation and imaging by positron emission tomography 

\Vith the amyloid dye PiB suggest that the first oc1ivotion of the immune system !likes place 

within the limbic system Bild in poniculor in the cotorhinal conex and hippocrunpus (Sojkova 

and Resnick, 201 I). II is conceivable that such activation could also result from the other 

factors acting ns DA�IPs, including ATP, chromogranin J\ or double-stronded DNA . leaking 

from damaged or degenerating neurons (D3valos 111 al., 2005). A complex fanned by 1wo 

members of the dl\·crsc family of S 100 proteins, MRP8 (SI OOA9) ond MRPl4 (SI OOAS). hns 

been found to be incrcnscd in the brain and ccrebrospinal nuid of human patients with AD 

(Rccd-Gc-0ghon cl al., 2009; Mae1J111n ct of .. 2011). Jlctcrodimcrs oftvtRPS and MRPl4 act 

as OA.\llPs through the activation of nR4. tvlorcovcr, �1RPl4-mcdiotcd innammotory 

stimuli ore responsible for uprcgulotion of the 1)-sitc APP-cleaving enzyme BACEI, which is 

the rote-limiting enzyme of APP processing. These data suppon the hypothesis that 

innommatory molecules act os pnn of o vicious cycle by contributing 10 the generation of AP. 

Chronic octivotion of microglio in AD might also lelld 10 microglio demise nnd subsequent 

rcploccn1ent through proliferation. One hypothesis is that the microglia which proliferate in a 

tnierocnvironmcnt of immunologiC3l octivoiion develop a gcnc•c:\prcssion pallem different 

from thot of microglio thol resided in the affected brain orco before such octivotion. 0\'er 

time, such newly generated, divergent microglin could sust.oin o chronic type of 

ncurolnnommotion in AD, \Vhile this Is an ottrncthc hypothesis .  the possibility that 

pcriphcrnl cells of the immune system ore recruited to the brain and contribute to the 

clcnrnncc of AP c11nno1 be completely c�cludcd. Indeed, there is some evidence that cells of

the myeloid lineage are ouraotcd from the periphery to the she of plaque fonnotion in a
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manner that is dependent on lhe chemokine receptor CCR2 (El Khoul')· et al., 2007), Notnbly, 

loss of CCR2 results in gene dose--<lependent aggravoiion of amyloid P3thology in Tgl.576 

mice (which ovcrcxpress II mutnnt rorm of APP), suggesting that the burden of AP clcMJ.ncc 

is shared between central cells of the immune sys1em 11nd peripheral cells of the immune 

system under the experimental conditions used In this model (El Khoury cl al.. 2007). 

Preliminary studies hove found that the aging brain shO\\S extensive uprcgulotion of genes 

associated \vith the innate immune system (Cribbs ti al., 2012), In neurodcgcncrativc 

diseases such 11S AD. on altered gene-expression P31tcm could be greatly cX11ccroo11?d, 

depending on the phllSC of the disease. 

2.13.1 Slgn11l-Trun.sduc1ion rnthways nnd tnnarnn1alory �lcdiotors 

The octivntion of receptors of the innate immune system by microbial PAMPs in microglln 

induces a range of signaling pnthways that lead to an orchestrated response 10 the pathogens 

sensed. It is possible thnt microglia rnoy not be nble to distinguish between on invading 

pathogen and oligomeric or fibrilh1r AP, In fact, mnny of the signal-tronsduction P3thwnys 

that are elicited by such neurodegencrntive s1imull arc also activotcd during host defense 

against pathogens. The immune system responds to microbes by mounting o protcol)1ic 

cascade th:it regulnies the: production of high I> proinflammniory cytokincs of the 11.,-1 p 

family. These cytokines, including IL-IP ond lL-18, arc leaderless proteins that nrc expressed 

BS biologically innctivc: precursor forms. Activated caspase-1 or cnspnse-8 proteolyticolly 

11ctivntcs cytokincs of the IL-IP family and mediates their release into the cytosol. Activation 

of cospnsc-1 itSclf Is controlled by large rnullimolccular slgnnling complexes called 

'innammasomcs' (Lotz 111 al., 2013), tnnammasomes consist of sensor molecules of the NLR 

(Nod-like receptor) family or PYHIN (pyrin and HIN dom11in-<:ontojning) f11111ily; these bind 

to the innnmmosome adaptor ASC, which in tum multimerizcs and octivotc CllSpase-1. The 

innomma.somc sensor NLRP3 is important for mediating ncuroinflomrnation, as ii can sense o 

range: of aggregated substances, including AP aggregates (Halle rt al., 2008). Evidence 

abounds that brains from patients with AD hO\'C a grenter abundance of active cnspnse-1 than 

do those of age-motchc:d control subjects. In addition, APP/PS I mice that arc deficient in 
NLRP3, cnspnse-1 or ASC arc largely protected from AD (llollc ti al .• 2008; Lntz 111 al.,

2013). Lack of NLRP3 dccrcascs the AP-induced formation of IL-IP In the bruin and 

improves the clearance of AP by microglia in ArPll'SI mice. NLRPJ-<lcflcicnt APP/PSI 

mice show nlmost normal cognitive performance (Yosuno cl al, 2012). �loreo\er, NLRrJ-
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deficient APP/PS I mice arc completely protected from A�induccd suppression of S)'llDptic 

plasticity (o mC3SUrc of the ability of neurons to modulate their response to s1imula1ion b) 

chMSCS nt the synapse). Synap1ic pl'1Sliciiy is p:uticult11I) sensi1ive to IL-I�. as 1his cytoldne 

is able to disrup1 the formotion of dendri1ic spines (lhe structures on a neuron's dendrile thlll 

receive input from a synapse) mediated by bmin-deri\'cd ncuro1rophic fac1or (BDNf) Md 

tropomyosin-relo1ed kinase (TRKB), Md thus mcmol') consolidation, by oc1iw11ing p38 

(fong el al., 2012). Of particular in1ercst, the NLRP3 inOammasome is also on lmportllnl 

contribu1or 10 normal age-related sys1emic lnnammotory responses os ,,ell as brain 

innammalion. Abl3tion of NLRP3 in aged mice protects them from agc-rclotcd cognitive 

decline even in the absence of expcrimcnlDI brain nmyloidosis (i.e .. ,vi1hout expression of the 

lnlllSgcncs encoding APP and PS I). Such s1udics suggest thol NLRP3 is o critical determinant 

for the development of lo,v-grnde sterile inOMllllatory responses during aging (Youm cl al ..

2013). 

The inOammatory response in the bruin con maintain a dangerous fccd-fonvord loop. It has 

been dcmonstrotcd that stimulation of the immune system in response to AP end 

proinOammatol') cytokines imp;iirs mlcroglia clearance of AP and ncuronnl debris (Hcncka l!I

al., 2013). At the same time, activation of the immune system may compromise the rnicroglia 

senemtion of neurotrophie factors. Together, phcnotypic changes in microglio contribute to 

impaired cognitive pcrfonnance. In line with the hypothesis that proinnommatory molecules 

such as the IL-Ip family of C}10kines or factors that simulate TLRs CM impair the clearance 

function of microglia arc findings showing that disrupting IRJ\K4, on essential kinase 

downstrcnm of TLRs and receptors for LL-IP e)1oklncs, impro\'eS the clearance of AP and 

shins microglio cells from o proinnommatory phenoiype toward an anti-inOommatory 

phenotype (Cameron cl al., 20 I 2). 

Other proinOommalory foctors mny also olfcct the pllthogcncsis of AD. For example, 

incl"Cl1Scd levels of p40, o subunit of IL-23, con be detected in ccrcbrospinnl nuid from 

p111ients with AD, which suggests that the lL-12-ond-lL-23 signaling plllhway is octi\'utcd 

(Vom Berg 01 al., 2012). Indeed, genetic oblation of p-10 itself (or the components p3S 1111d 

pl9) lends 10 0 decreased cerebral AP load in APP/PSI mice and omeliomtes behovioml 

deficits. Likewise, intraccrcbrovcntriculor odministmtion of p40-ncutraliting antibodies 
lowers the concentration of soluble AP peptides and hnpro1 cs sp;itl�l memol')·. Notabl). in 
the brain, mlcroglin ore the sole source of lL-12 ond IL-23. and genetic ublotion of the IL-12
or 23 pathwn) docs not oiler the processing of APP. Since the receptor for IL-23 has high
expression on astrocytcs. microgliol p-10 may stimul11tc the ostroglioJ uptllkc of AP.
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A)ln>C)•lC\ c:on nl� interfere indirectly with microgllol n:moYnl of J\fl b) releasing lipidatcd 

npolipoprotcin L. which is importunt for microglfnl phngoc)'1o�i\ of J\fl (Tcn\cl ct ol 2011 ). 

Other foctor,, such ns smull-111olcculc mcdlntors. con olw tnnucncc nc:urodcgencrotive

processes by influencing the lnflnrnmotory Mate. For cxomplc, the rclc:n� of nitric oxide 

(NO). the pn:\cntc of htc mdicob ond the �condo') ronnntion of pcroxyni1ri1c ore \\ ell· 

dc,crib<:d fcuturcs of lnllnnunntory processes In \nrious tls\uts. During AD. the inducible 

i,ofunn of NO \)'nlhnso (INOS) i� C\prc\scd b)' neurons ond gllol cells In respono;c to 

proinllonunntory C)toJ..lncs (Vodovol/ rt 11/. 1996). l.nl1t1nccd c\prc\�ion of iNOS during on 

lnflommatol') rcspon� con incrco'IC the locol production of NO. 

-

; 
• • 

.... 

... 

Flgurc 2.4: fnfl:unm:isomes and the production or acthc IL-IP. The a,.�h:uion <!f mi.:roslia 

,, Ith TLR agonist or C)1okines leads to the tl"IIII.SCriptional induction of GfflC' cnc\>Jin; 

components of the NLRPl inflnmm:isomc and pro-ll·lfl <rcimins ,-icp) AJ.ditiooal � 

including dcubiquitin:ition or NI.RP) � further n:quiml fr" acti,allon of 1':LRPJ tl,ecmui; 

�tcp). AP= induce lywsomol tbma� th:lt lc:ad� 10 a.i'('fflbl� of 1hr �I RPJ inll.:m:1:n:ixfflC

(1k1i�otion !>lcp) and the ocli\-atlon of aupllC'-1 ,\cti\C' �I It-DJ) Cle rn,� � of 
IL-IP 1111d rclcasc or the b10Gcthc 1onn C1f IL-I� (llcoc:la rt ii 201�>, 
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\Vhllc NO hos been suggested lo be ln\'olvcd In ncurodcgcncrnchc processes, Including che 

Inhibition or n1i1ochondrlol resplmclon, axonol and synnpclc damage, and chc Induction of 

ncuronnl npoptosis, chc AP peptide Itself rcpresenc, a dlrecc 1orgc1 of modifiCJ11ion by NO and 

pcrox)'nhrltc. In fuel, the T)rlO of AP becomes nltrnu:d by iNOS33 in  human AD ond In AD 

models. 

INOS-mcdlntcd nitmllon or AP enhance., 1hc pcplldc's propcnshy to oggreg:ue and to form 

seeding cores or AP plaques. Nolnbly, nhrn1cd AP Is more potent In suppressing synaptic 

plnstlclty than Is non-nllrntcd AP, and both genetic oblo1lon and phormDCologlcal inhibhlon of 

INOS pro1ccts 1111cc from spa1inl mc:rnory dysfunclion. Furthermore. glob.ii genetic 

uprcgulatlon or hsp70, o major endogenous inhlbhor of Nr-kO signaling and iNOS 

c,presslon, nlso dlrnlnlshes the ccrebrnl t\P load nnd Improves 1he cogni1lve performance or 

mice ,vllh 1mnsgcnlc c:-.prcs1lon of APP. This crrcc1 mlgl11 be mcdlorc:d by the uprcgul.ition 

ofnllcroglh1 ond oslrogllo produc1lon ofinsulln-<lca,adlng cni:ymc (IOU) bul mighl obo arise 

frorn 1hc Inhibition of INOS, and hcocc, o decrease In nrtnucd AP (Hoshino cl al� 2011: 

I lcnc:ko Cl t1/., 2015). 

2. 13.2 Dysfunction nnd Cdl Dea lb

The stnrt of ncurodc:gencra1lon and precise lime of ini1ia1ion of molecular meclwtlsnu

involved in pa1hogcncsis or dt'J!lh of neurons is still highly dclxlled. Microglia is collSWltly

scanning lhc dendritic spines for 1hcir intcgri1y and c on1lnuousl) involved in shapina and

remodeling ilS neural conlllCIS ond neuronal circuits {Paolicelli ti o/� 2011) Acti,ation of

microglh1, how-ever, causes re1mc1ion of microglia processes and is accomp1111led b) �cllin1

or the cell body. This prooobly results in the loss of monitonng of ncurocw 5>tupsc, ti,

microglia during on lnflammotory response !coding to neuron:il changes and clisrvpc.ian of
relevant circuits. There is incrcnsing evidence supportmg the h)i,othesis lhal iolhi,ma,lo!)
medi:llors orrec1 neuronal funclioning long before structural d.un:ii;c and cell llcalh. hlJccJ..

several C)'lokincs. including IL-IP, IL-18, lf'N-� end l'Jf ha,c been "'°"11 10 supprm

long-lrnn potcnliation In the hippocampus (Yirmiya and � :?011: L�ncb. 201-').

1'1orcover exposure ofhippcx:ampal slices to AP aurcptC\ .ul"lff"SCS lcq-lffln �'CCDtblkm

onl) in the presence ofNOS2, \\hlch iu8'C'.u 1h11 at lca)t at K1fflC � 1'0 c,nu I ncptl\c
inf lucnu on ncuroMI intcgrit) anJ function(\\'�,, al :OOI).. 111�"" ofl!lc- 00000

infbmm3tory \lanot, con eau� neuronal J)\lbnctiM. la.\ of :O.LIU'1 ttlic\n &hr

S1lJl!lrCSSion or long•ttrm ro1cntiation In ,\Pr rst � (lkotl.•" al 201)). Tw.a
il!fbm111.1t(") Qlo.,lne, h) J) ttmk trcJlln(III C\( \l'I' l"I l'.l c "' �l\\'Ol·l·l�I IL\t 
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(also called M\\1-ISI; an expcrimcnml thcrupcutic agrnt that attenu.:itcs the production of 

proinfl:unmatory cytok.ines by acti\'Uled microglia) results in diminished microglia and 

ostr0glia rc:ic1ivi1y, protection from loss of key synopllc proteins and overall impro\'cd 

synaptic plBSticity (Bachstetter ct al., 2012). �licroglio ncurotoxicity mediated by 

proinflammatory cytokines may be pnnially influenced by surrounding a.strocytcs. AStrocytes 

rclc:i.se acidic fibroblnst growth fi1ctor, "hich substantially increnses mieroglia-medioted 

neuronal death via actiwtion of the receptor FGFRJllb(Lec er al., 20 I l.1, In a similar ,vay, the 

ehemokine receptor CXJCR I on microglio hns been found 10 protect ngninst cognitive 

deficits in a mouse model of AD (Choe, al., 2011). 

The induction of neurodegencration by soluble inflammatory mediators may not be the only 

mechllnisms by which microglia contribute 10 the killing of neurons. For example. i t  hns been 

found that activated microgli3 can destroy functionol neurons by direct phogocytosis 

(Neniskyte, 2001). ll1is microglia CMnibalisrn requires stimulotion by AP: this enhances the 

presence of phosphatidylscrine on neuronal processes. which leads to increased uptake by 

mieroglia. NoLBbly. this so-coiled neuronal 'phogoptosis' occurs without obvious signs of 

neuronal necrosis or opoptosis. One hypothesis is 1h01 the mechanisms described above n1ay 

exist In porollcl but operate in specific disease phases nnd/or depend on the SUlte of activation 

of the iMotc immune system. 

2.13.3 lnducing Tau Pn1bology 

Deposition of AP represents the mechanism initiating AD (Jnck ct al, 2013). The link 

bcl\vccn lhc mecl111nisms initiated by deposition of AP ond formntion of introncural 

neurofibrillory tangles (NFTs) another hollmork of the AD remains unclear. NFTs ore self 

ossociotcd hypcrphosphorylated lllu proteins. TI1c normal function of tau proteins is in 

siobilization of microtubulcs, but the associo1ion of hypcrphosphorylotcd tau proteins can 

subsequently enuse various ecllulor changes thot lead to neuronal degeneration from inside 
the cells. There ore quite some evidence linking microgli11-drivcn neuroinflammntory
response in J-\D to NFl' formation nnd tnu pathology. For example, lipopolysocchllride

induced systemic lnflommation con incrc4Se lllU pathololl} (hypcrphosphor) lotion and 
tangling) through O mcchrutism involving the oyclin-depcndcnt l.innsc CDKS (KillWI\\U er 

al., 200S). Similar findings have been obtained with wrious mouse models of S)Slcmlc
innommotion (Lee, 2010: Ohosknr ct ol. 2010; Sy ct al .. 2011). llo"c,·cr. such a pcriphenil
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ch:iUenge might not be required, as local microglia-driven responses can be sufficient to dri\-c 

tnu pathology. Indeed, the activntion of microglh1 precedes NFT formotion in }oung PS 19 

mice, which transgenically e>.press mutant tnu \\ith subs1itution of serine for the prolinc at 

position 301 (a mouse model of tau pathology) {Yoshiyama et al., 2007). Furthermore, 

initinting immunosupprcs:sion in PS 19 mice as early as 2 months of oge leads to diminished 

tnu pnthology nnd greater lifespan. Such results ore consiS1ent with doto showing that 

activntion of microglia induces phosphorylation oftnu in primary mouse neurons 11J1d that this 

action prob3bly requires activation of the n:ceptor for rL-1 p and signal transduction via p38 

(Gorlovoy et al., 2009; Bhaskar et al., 2010). Interestingly, eJ>.pression of CX3CR I on 

microglia seems to restrict this pothologicol mechanism, as knockdo\vn ofCXJCRI increnscs 

the phosphorylation 1111d aggregation of tau even funhcr, most prob3bly due to incre�ed 

release of IL -IP (Bhaskar ct al., 2010). Support for the proposal of an NFT-drlving role for 

cytokincs has been provided by experiments dcmonsuuting that nn oeu1e incre3Se in IL-IP in 

ngcd 3xTg-,\O mice (which transgenicnlly express three mutations associated with fnrnilial 

AD) further incre:ises tnu pathology (Ghosh et ol., 2013). Together these dalll provide 

evidence in support of the hypothesis th3t activation of the innate immune system represents 

1111 importlll1t nnd accessible link between AP and tau pathology in AD. 

2.13.4 Ph11gocytic Clenrnnce of AP 

One of the main cell types responsible for removing celluh1r debris and oggrcgutcd proteins 

from brain p:irenehymn is microglio. Microglia contributes to the clcnranoc of AP by 
phagocytosis and the dcgrodntion of AP and by their release of enzymes 1h01 are able to 

dcgrndc AP in the extmcellulnr spnce, such as IDE. 801h mechanisms mny be compromised 
by genetic predisposition, exogenous factors or changes in brain mctoboliS'm IIJld 

neuro1r.1nsmi11cr profiles. The phogoc)1ic clearance function of microglio is grcntl) imp;1im.l 

in response to degeneration of 1hc locus ceruleus (LC) (Hcnckll et al .• 2010). TI1is smoll 
midbroin nucleus, IOClltcd nt the tcctum of the founh ventricle, is the chief sou�e of 
noreplncphrine in the human brain. Degeneration of the LC. "hich sc:cms to be on e11rly 
phenomenon in AD. enhances the inOomma1ory response to the deposition of A� o.nd 
compromises microgllo phogoc)'losis due 10 dcerc=d norcpincphrinc levels In LC projection 
arcns (I loshino ct al., 2011 ). It Is likely that sustained c.�posure to proinnrunmo101') C)tol..incs 
or some form of dnmoge-associntcd 111olccuhll' p:ittcms could account for the oucnunted
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microglis phagocytosis. That hypothesis is further supported by findings demonstrating that 

i;enetic deficiency in MRP14 incrcascs microglio phagocytosis of AP (Kummer el al .• 201'.!). 

Several surface receptors have been sho1\T1 to mediate phagOC)1ic clearance of AP, including 

TLR2. TLR4, TLR6, CDl4 ond CD36 (Grammes ti al., 2008). A role for the tyrosine 

phosphatase CD45 hos also been demonstrated (Zhu et al., 2011). Apart from receptors on 

the microglia., the phagocytic uplllkc of AP may also be modulated b) neuronal cxosomes. 

This is largely dependent on the form by which the AP aggregate is delivered. For example, 

neuronal cxosomes bind AP and promote its phngocytic clearance in  a phosphntidylserinc

dcpcndent 1vay (Yuyama et nl, 2012) . 

2.13.5 Genetic Assochlllons 

Surprisingly, several senome-wide ossocin1ion studies of sporadic cases of AD have 

identified o set of genes that suggest a pathogenic role for inOammotory processes in AD 

(Karch et nl 2014). The identified gene variants associated with a risk of developing AD 
include the gene encoding complement receptor CRI (l lorold et al., 2013), the genes encod

ing MS4A6A ond MS4A4AE (Hollingworth ct al. 2011) (membrane-spanning proteins 

expressed on mycloid cells) (Liang and Tedder, 2001) and the gene encoding CD33 (Siglcc-

3) (a mycloid-ccll-surfocc receptor) (Hollingwonh et al. 2011). CD33 is a Lrnnsmembrone

protein that contains on immune receptor tyrosine-based inhibilory n101if; these n1otifs ore

usuolly involved in the inhibition and control of cclluh1r responses. ln keeping with this,
octil•ntion of CD33 hns been sho1vn to suppress the production of proinflnmmotory cytokines

by monocytes (Lojaunia.s et al., 2005). The strongest AD-:i,ssociotcd mutation in the locus
encoding CD33 is the single-nuclco1idc polymorphism rs386S444, which has now been

linked to on increase in imaging by positron emission tomography with PiB, indicative of
increoscd individual deposition of AP in mutant carriers (Drodshow et al., 2013).
Furthermore, circulnting rnonoc)1Cs (close rclntl11cs of brain-resident microglio) thnt cany the
rs386S444 mutation of the gene encoding CD33 hove n decrcoscd cnp:icity to ingest 

nuorcsccnt dextran nnd AP by phagocytosis. Pnticnts with AD show incrcoscd expression of 
CD33 by mlcroglio, which inhibits microglia rcmovol of AP in 1·i1ro and hr 1•i1'0 (Griciuc et

al., 201 J). Together these findings suggest that genetic factors confer an increased risk of 
sporadic AD by compromising otherwise beneficial microglla clearance functions. Further 
support for the importoncc of Immune system-related genetic factors for AD stems from 1110 
independent studies that hai•c BSSOCintcd rorc 1nrinnts in TREN12, n triggering receptor on
mycloid cells. with on increased risk for the development of AD (Lee et al,. 2011: Cho rt al ..
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2011). TREl\12 is 11 surface receptor that is responsible for initiating immune responses of 

macrophages and dendritic cells b) forming " receptor signnling comple., with the kintlSC· 

binding protein TYROBP. In the brain, TYROBP is c�presscd by microglia c�lls. and 

incre:iscd TYROBP c."<pression at sites of AP deposition in mice with ttl1nsgcnic APP 

expression hns been reported (Frank ti al.. 2008: Melchior et al. 2010). In this particular 

IOClltion, TREl\12 might also be in,ohed in the phagoc)tic clcorancc of cellular debris and in  

lhe downregulntion or innammatory signals in response to 11,R ligation (Hamennan et al.,

2006). The ability of TREM2 to mediate activation of cells of the immune system and 

phagocytosis ,vithout incrcnsing proinnammatory cytokinc production suggestS that this 

receptor is involved in the physiological clearance of AP (Bouchon cl al., 2001). The 

uprcgulotion of TREl\12 at AP plaque sites moy represent an attempt to enhance the 

endogenous clearance cop:icity. In this context it should be mentioned that the long-kn0\\'11 

and most frequent risk variants-hetero- or homozygosit} for the gene encoding 

apolipoprotcin E4-may also be involved in the d)-sregulotion of phngoc)1osis and 

inflnmmotory responses. In addition 10 alterations in the aforementioned genes, single· 
nucleotide polymorphisms in other genes found 10 be associated with AD by genome-wide 

GSSOCiotion studies probably encode molecules involved in the regulation of immune 
responses, although I.heir precise mechanisms of interaction hllS yet to be defined (Karch 01

al., 2014). 

2.13.6 l\licroglln-Targetlng Therapies 
As impaired microglial clcnrancc bas been identified ns n discosc-promoling foctor, several 
aucmpts hove been mode 10 positively influence this factor by phonnncologicol, vaccine· 
based or gene-therapy strntcgies. For e."<amplc, galontaminc. o drug approved for lhe 
treatment of AD, is on occtylcholincster:ise inhibitor thot engages the nicotinic occtylchollnc 
receptor a7 and con thereby increase the microglio uplllkc of AP (Tokolll el al., 2010).

Likewise, the nuclear hormone receptor rrAR·r represents onolhcr factor that can be

torgctcd by existing drugs, such ns the thiill.olidincdlone class of antidiabctics (Gorlovoy. et

al., 2009). The trcatmenl of APP/PSI mice with PPAR·r ngonists rapidly increases the 
removal of AP by microglio and, presumably, oslroc)1Cs (l\1ondrekar-Colucci ct al., 2012).

The mechanisms involved mny include direct uprcgulotion of microgllol CD36 c.,prc5Sion
and lipidotion of opolipoprotcin e dependent on llilllSCription foctors of lhc LXR fnmlly
(Yamanaka., 2012; l\1ondrckor-Colucci ct al., 2012).
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2011). TREl\12 is a surface receptor lh:it is responsible for initiating immune responses of

macrophages and dcndritic cells by fanning a receptor signaling complex ,vith the kjnnse

binding protein TYROBP. In the brain, TYROBP is expressed by microg.lia cells, and 

incren.sed TYROBP expression at sites of AP deposition in mice \\ith trnnsgcnic APP 

c.-.:prcssion has been reponed (Frank ti al., 2008; Melchior ti al .• 20 I 0). In this pnnicular 

IOC3tion, TREM2 might also be involved in the phagoc)1ic clwnnce of cellular debris ond in 

the downregulation of innammotory signals i n  response 10 11.R ligotioo (Hamerman ct al.,

2006). The ability of TREM2 to mcdillle activation of cells of the immune system and 

phagocytosis ,vi1hou1 increasing proinnammatory c)1okine production suggestS that this 

receptor is involved in the ph)siological cl�mnce of AP (Bouchon el al.. 200 I). The 

upregulation of TREl\12 at AP plnquc sites may reprc.scnt on anempt to enhance: the: 

endogenous clearance capacity. In this conte.,t it should be mentioned thot the long-kno,vn 

and most frequent risk voriants-hetero- or homozygosity for the gene: encoding 

npolipoprotcin E4-may also be invoh•cd in the dysrcgulation of phagooytosis and 

innammatory responses. In addition 10 ahcrotions in the aforementioned genes, single

nucleotide polymorphisms in other genes found to be ossociatcd ,vith J.\D by gcnome-,vide 

ossocintion studies probably encode molecules invoh cd in the regulation of immune 

responses, although their precise mechanisms of inter:iction has yet to be defined (Korch et

al .. 2014). 

2.13.6 l\licroglia-Targcting Therapies 

As impnircd microglial cleomnce hBS bttn identified os a discnsc-promoting factor, several 
ancmpts hnve been mode 10 positively innuenco this factor by pharmocologicol, vaccine

based or gene-therapy strategics. For e:-.omple, goinolllmine, o drug approved for the 

treatment of AD. is an acctylcholincstcrosc inhibitor that engnses the nicotinic ncctylcholine 

receptor 07 and con lhcrcby incrc4Sc the microglio uptake or AP (Tru:1110 et al .. 2010). 

Likewise, the n11clcar hormone receptor PPAR"')' represents another factor that can be 
torgctcd by c1<isting drugs, such os the thiotolidincdionc class of antidiabetics (Gorlovoy, r1

al., 2009). The treatment of APP/PSI mice with PPAR"'I' ogonists rapidly incn:tl$Cs the 
removal of AP by microglio and, presumably, ostrocytes (�l11ndrckor-Coluccl l!I al., 2012).
The mechanisms involved may include direct uprcgulation or mlcrogliol CD36 expression
and lipidotion of apolipoprotcin I! dependent on transcription factors of the L.XR famil)
(Yamanaka. 2012; Mnndrckor•Colucci el al .. 2012).
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2011). TREM2 is II surface receptor th:11 is responsible for inhinting immune responses of

mncrophagcs ond dendrilic cells by forming cs receptor signaling complc:>. ,vith the kinnse· 

binding protein TYROBP. ln the brain, TYROBP is expressed by microglia cells, and 

increased TYROBP C>.l)ression at sites of AP deposition in mice "ith t111nsgenic APP 
expression has bttn rcponcd (Frank ti al, 2008; �ielchior ti al, 2010). In this p:inicular 

locntion, TRE�12 might also be in,ohcd in the phagoc:)1ic clC41'llllcc of cellular debris and in 

the do,vnrcgulotion of inflammatory signals in response to 11..R ligation (Hamermon ct al,,

2006). The ability of TREM2 to mediate activation of cells of the immune system and 

phagoeytosis ,vithout increasing proinflammatory C)1okine production suggests that this 

receptor is involved in the physiological clCQfCIOce of AP (Bouchon et al., 200 I). The 

upregulotion of TREM2 at AP plaque shes moy represent nn ouempt to cnhnncc the 
endogenous clearance capacity. In this contc.xt it should be mentioned thot the long-known 
ond most frequent risk vnrionts-hctcro- or homoiygosity for the gene encoding 
opolipoprotein E4-moy also be involved in the dysrcgulation of phogoeytosis and 
inflammatory n:sponses. In addition to alterations in the aforemcn1ioncd genes, single
nucleotide polymorphisms in other genes found to be associated with AD by genome-,\idc 
association Sllldics probably encode molecules involved in the regulation of immune 
responses, although their precise mechnnisms of interaction has yet to be defined (Karch ct 
al., 2014). 

2.13.6 l'llicroglio-Tnrgcting Therapies 
As impaired microglial clcaronce has been idcntilicd os a disc.uc-promoting factor, several 
auempts hove bttn mode to positively influence this factor by pham1acologicol, voccinc
oo.sed or gene-therapy strategics. For example, galantamlne, n drug approved for the 
treatment of AD, is on acctylcholinestcrnsc inhibitor that cngngcs the nlcotinic ncet)'lcholine 
receptor 87 and cnn thereby Increase the microglia uptake of AP (fokaLO et al .. 2010). 
Likewise, the nuclear hormone receptor PPAR•y represents another factor thnt can be

targeted by existing drugs, such os the lhiazolidincdione class of ontidiabctics (Gorlovoy, rt 
al., 2009), The treatment of APP/PS l mice \\ith PPAR-r ogonists rapidly incrc:iscs the
removal of AP by niicroglio and, presumably, astrocytcs (�1ondrek4r-Colucci t'I al., 2012).
The mechanisms involved moy include direct uprcGUlotion of microgllol CD36 expression
and lipidntion of opolipoprotcin E dependent oo trnnscription foctors or the LX'R famil)
(Yamanaka. 2012; Mondreknr-Colucci ti al .. 2012). 
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Furthermore, SC\ era I nons1croidal anti-inflamnwory drugs that hnvc been proven 

cpldemiologically to reduce the risk of AO nre po1en1 activators of PPAR-y, an effect that 

mighl be the molecular mechanism behind their cffit11cy (Henek4 et al .. 2015). Another 

strategy for increasing the rcmovnl of AP is  pns.sivc or active \'Occinotion against AP. 

However, thus for this oppro:ich 1w been limilcd by the development of coneomilllnt 

inOwnmotion. The development of hum111tized antibodies to AP of the immunoglobulin G4 

subtype might overcome lhis risk of ligntion of Fe receptors; o.s such on1ibodies could 

increase the uptake of AP oligomers by microglio with less neurotoxiciry (Adolfsson et nl.,

1979; Ghosh et al .• 2013). Furthermore, the time point of intervention might be critical for 

1he success of 1hese approaches. So for, most interventionol studies have been SUU'led in 

p:itlcnlS with subsu1n1ial clinical signs of AD. o time point 01 \\hich the disease process c-411 

potentially 001 be halted anymore. At present, intervcntional lrinls in asymptomatic p.1ticnlS at 

risk for the development of AD are under w11y. In addition. conformation-specific antibodies 

that recogniz_e 10;,c_ic soluble AP oligomcrs rather titan all forms of AP ore being tested for 

efficacy. 111c outcomes of these ongoing clinical trials will show whether passive or nc1ive 

AP immunothcropy CllO prevent or delay the progression of AD. 

Ocyond their phogocytic uptake of oggrcgo1cd pro1cins and neuronal debris, microglia cells 

can also dismMlle ex1roccllulnr pro1cinoceous debris by releasing pro1enscs such as IDE. This 

mechanism has imponanl effects /11 ,,fro, os dcmons1ro1cd by 1he finding thal o twofold 

increase in LOE expression is sufficicnl 10 prevent 1hc deposition of AP plnqucs in 110 AD 

model of transgenic e.-.:pression of APP (Lcissring ti al., 2003). \Vhile 1hc function of IDE has 

been S111died, much less ls known oboul the regulation of microglia release of LOE. 

Cholesterol-lowering stotins 11rc )Ct another class of drugs 1h01 hove received nncntion in this 

con1cx1, as they cnn reduce the risk of developing AD. S101lns stimulate unconventional 

secretion of fDE by exosomes and c.ould thereby substnn1inll)1 con1ribu1e 10 the cx1raccllulnr 

degradation of AP (Tomboli el nl., 2010). Howc�cr, 1his type of cxtrocellul11r degradation is 
less efficient once microglio cells face pos1-1ronslo1lonally modified forms of AP, as 
phosphorylation of AP 01 Scr8 restriclS its proteolytic clearance by IDB and other proteases 

(Kumor t'/ ol., 2012). Therefore, it is conccivoblc thot 1hc effectiveness of stolins is

inOucnccd by the stage of the disease, 

2.14 J7lovonoids nnd Ncurodcgenerntlon
A vost majority of drug trtnrments of ncurodcgcncra1h·c disorders treat 1M symp1oms rather
than preventing the undcrl) ing degeneration of neurons. Consequently there is II desire 10
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dc\elop novel therapies cnp:ible or preventing the progressive loss or specific neuronnl 

populations thnt underlie p3th010g) in these diseases (Legos et al. 2002; N11111ynn et al,

2002). Flnvonoids hnve bttn shown to be errcctivc in pro1ec1ing against bo1h age-rclnted 

cogni1ive and motor decline in  ,•ho (Joseph et al., 1999; Vauzour et al., 2007; \Villlnms et

al., 2008). This neuropn:>1ec1ivc potential may be due 10 o number of ph)siologie11I funelions

ottribuuible 10 Onvonoids, including their lllltioxidnnt properties (Bas1innctto et al., 2000), 

their interactions ,vith intracellular signaling polhwnys, the regulation of cell 

survlval/apop101ic genes and mi1ochoodrial fuoclion (\\lilliams ti al., 2004: Spencer ti al,, 

2009n; Spencer. 2009b). For eXllmplc, flnvoooids and their in-,•n·o metnboli1cs hove been 

shown 10 modula1e signaling through tyrosine kinase, phosphoinositide 3-kinasc (Pl3 kinase), 

protein kinase C (PKC) ond mi1ogen ocrivo1ed protein kinase (�!AP kinase) poth\\'llYS 

(Spencer, 2009n). These signaling cascades ore known 10 critically control infllllllmn1ory 

processes In the brain, including 1he nc1iv111ion of microglia in response 10 cytokines and 1hc 

induction of iNOS nnd nhric oxide production (Bhat ti al., 1998; Kaminska tt al., 2009; \Ven 

ti al., 2011). As o consequence, flovonoids ho,e been suggested as novel therapeutic ogents 

for the rcduc1ion o f  the deleterious crreclS of neuroinflnmma1ion in the brain and thus also as 

potential preventive drugs for neurodegenerative disease development. 
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Figure 2.s: Aclivalcd glial cells in ncuroinflnmmotory-induccd ncurodcgencnnion (Spencer
el al., 2012). 
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develop novel therapies CIIJ)®le of preventing the progressive toss of specific neuronnl 

popul:uions that underlie p:itholog) in these di� (Legos er al, 2002: Naroyan er al.,

2002). Flovonoids hove been sh0\\11 to be e1Tcc1il e m protecting agoinst bolh oge-rel111cd 

cogni1ive and motor decline in ,•ivo (Joseph et al., 1999; Vauzour er al., 2007; \Villioms tr

al .• 2008). This ncuroprotcctivc poic:ntial may be due to o number of physiologiail funclions 

attributable to llavonoids, including 1heir an1ioxida.nt propcnics (Bas1ionc110 et al .. 2000). 

their interactions \vith intracellular signaling p:ithwnys, the regulation of cell 

survival/opoptotic genes and milocb.oadriol function (\Villioms er al., 2004: Spencer et al,,

20090; Spencer, 2009b). For CXlllllplc, flavonoids and their 1n-1•n•o mctobolilcs hove been 

sho\\11 to modul:ue signaling through tyrosine kiruisc, pbosphoinosilidc 3-kiaosc (Pl3 kinnsc), 

prolein kinose C (PKC) and mi1ogcn oc1h-n1ed prolcin kinase (�LAP kinnsc) pathways 

(Spencer, 20090). These signaling C4scades ore kno\\11 to critiC4lly control inflommo1ory 

processes in 1he brain, including lhe octivntion of microglia in response 10 cytokinc.s and the 

induc1ion of iNOS and nhric oxide production (8h01 tr al., 1998; Kaminska er al., 2009; \Ven 

er al., 2011 ). As a consequence, flnvonoids hove been suggested as novel lherapcutic ogen1s 

for the rcduc1ion of lhc deleterious clTccts of ncuroinflammation in the brain nnd thus also ns 

potential prcvcnlivc drugs for ncurodcgcncrolivc dlscnsc dcvclopmcnL 
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Figure 2.s: i\ctivoicd glial cells in ncuroinflammalory•induccd ncurodegencm1ion (Spencer 
et al., 2012). 
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dcYclop novel lhernpics c:ip:ible of preventing the progressive loss or specific neuronlll 

popul111ions lhnt underlie p:itholo&) in these diseases (l.egos l!t al, 2002; Narayan tr al,

2002). Fliivonoids hiive been shown to be e1Tcc1ivt in protecting 11gnlnst both 11gc-rcloted 

cognitive nnd motor decline in vivo (Joseph ti al� 1999; Vauzour et al., 2001; \Vllliams ti

al .. 2008). This neuroprotectivc potcotilll may be due 10 a number of physiological functions 

nttribul.11ble to llnvonoids, including their o.ntioxid1111t propcnics (Bastionello et al., 2000), 

their interactions ,vith intruccllullll' signaling pathways. the regulation of cell 

survival/opoptotic genes a.nd mitochondrial function (\\lillinms ti al., 200-I: Spencer ti al,,

200911; Spencer, 2009b). For eXll!Tlplc, flavonoids ll!ld their in-1•1vo metnbolites have been 

shown 10 modulate signaling through tyrosine kin!ISC, pbosphoinositide 3-kinasc (Pl3 kinase), 

protein kinase C (PKC) and mitogen ncth'llted protein kinase (l\lAP kinase) path,1·n}'S 

(Spencer, 2009a). These signaling cnscndes are known 10 criticnlly control inflammatory 

processes in the brnin, including the octivntion of microglio in response to cytokines nnd the 

induction of iNOS nnd nitric oxide production (Bhat tr nl., 1998; Kaminska et al., 2009; \Ven 

tt al., 2011 ). As n consequence, flnvonoids ha1•e been suggested as novel therapeutic agents 

for the reduction or the deleterious cfTccLS of ncuroinflnmmntion in the brain nnd thus nlso os

potential preventive drugs for ncurodcgcncrath•c disease development. 
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Figure l.S: i\ctivatcd gliol cells in ncuroinflammotory•induccd ncurodcgcncrotion (S�nccr 

et al., 2012). 
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The interaction of fiavonoid ,vith sign41ing pathwnys invohed in neurodegt-nerution wns in 

the past linked to their direct (i.e. ckissicaJ) 11J1tioxid11J1t effects (Rice-Evans er al.. 1996).

However, dnlll now suggest th:lt their actions on the brnin Clt'C more likely to be mediated by 

lhctt ability to protect vulnerable neurons. enhance existing neuronal runctlon, s1in1ulotc 

neuronal regeneration o.nd induce ncurogcncsis (Spencer. 2009b, 20 I 0). Indeed, it hllS 

become evident that flavonoids ore able to c;,cn ncuroprotcctivc actions (ot lo,,. 

physiological concentrotions) via their interactions with critical neuronaVglial inll11ccllulor 

signaling p3thways pivotal in controlling neuronal rcsisto.ncc 10 ncurotoxins, including 

oxido.nts ('indirect' o.ntioxidant narure) (Levites el al., 2001) o.nd infl11mmatory mediators 

(Spencer, 20093), or through their chelation of trnnsition metal ions such as iron (Levites er 

al., 2002; tvlnndel el al.. 200S, 2006). Interestingly, flavonoids hove close strucrurul 

homology to specific inhibitors of cell signaling cascades, such as the PD98059, a MAPK 

inhibitor nnd the L Y29-1002. a phosphntidylinosltol-3 kinase (Pl3) inhibitor. In the contex1 of 

neuroinflommotion, the MAPK inhibitor PD98059 hllS been shown 10 effectively block iNOS 

c,�prc:sslon and nitric oxide production in nctivntcd microglio cells (Bhat er al.. 1998), 

S\Jggcsting that fl11vonoids moy olso be capable of such 1111ti•inflnmmatory activity through 

actions on this signaling p11thway. Furthermore, LY294002 ,vns modeled on the structure of 

tho flovonol, qucrcctin ond both compounds fit into the ATP binding pocket of the enzyme 

(Vlahos et al., 1994). The ability of various navonoids to modulate Pl3-kinnse is related to 

the number of, nod substitution of. hydroxylgroups on the f111vonoid B-ring and the degree of 

unsoturution of the C2-C3 bond in the ring (Vl11hos el nl., I 994). 

Consequently, it Cl\l1 be hypo1hesized 1hn1 inlcrnctions whh Pl3 ond other signaling pothv,ays 

moy be s1rucrurc-dependen1. Thus, different Oovonoids ore llkdy 10 express different cellular 

outcomes depending on 1hcir degree of inlcruction 11 ith either rcccplors or do,,11strcnm 

kinoses. There is also slgnificon1 evidence indicating thnt flavonoids interact with. nod 

modulate neuronal signaling (Spencer. 2009a,b). For example, cplc.11cchin and its in vi\'O

mctnbolite 30-0-mclhyl-cpicatcchin clicil strong protective errects ognins1 oxidized LDL

induccd ncuronnl cell death by inhibiting JNK. c-jun nnd cosp:isc-3 activation (Schroeter e1

al., 200 I). 
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Figure 2.6: Flavonoids st.ructurcs. The major dltTcrcnces bc:1wccn lhc individulll groups 

reside in the hydroxyla1ion pancm of !he slruc1ure, the degree of so1urntion of the c-riog lltld
the subs1itu1ion in 1hc 3-posilion (A) general structure of Oavonoids (D) structure of flavonols
nnd navoncs (C) structure of na,anols. also retTcrcd as na,·an-3-ols (D) structure of 
anthocynnidins (E) structure of navononcs and navanonols er) SlruCIUl'C of isona,onc\ 

(Spencer cl al., 2012). 
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2.15 Aforlnga oltiftra 

2.15.1 Bol11nical description 

,\lorlngo oltifero (Lam.) is o plnnt indigenous 10 south Asia, mainly in lhc sub Himalaynn 

trocts of India, Pakistan, Bangladesh nnd Afghanls1an. II IS now widcl) grown ond hns been 

nnrurolizcd in mnny coun11ies of lhc world including Nigeria. The exponcnliol gro111h in use 

of herbal medicines in many official systems or medicine as remedies for diverse condi1ions 

is well documen1ed {Burk.ill, 1985; Ganatra et of., 2012). 

,\forlngo o/elfero i s  n perennin� evergreen tree tha1 grows up 10 20ft (6.1 m) 10II, 1vi1h o 

s1rnigh1 trunk and cork'}' 11 hiiish bark. The ITCc has 1uberous 1nproo1, brilllc Siem ond pole 

green compound tripinnaie leaves 30-60 cm (11.8 10 23.6 in) in lenglh ond many Slnall 

leancis. The lntcral leaflets ore elliptic in shape while the terminal ones nrc obol'lltc ond 

sligluly l11rgcr than the lou:ml ones. The Fruit pods ore pendulous, green ruming greenish 

brown, lriongulor ond splil lcngth11 isc into 3 p:irts 11hcn dry. The pods ore I 10 4 n (30-120 

cm) long ond 1.8 cm (0.7 in) wide ond topcring 0 1  both ends. The pods conrnin about 10 10 20

seeds embedded in tbc fleshy pilh (Poicl el al .. 20 I 0).

Kingdom 

Sub kingdom 

Super Division 

Division 

Closs 

Subclass 

Order 

Family 

Genus 

Species 

Curren1 name 

Common non1cs 

Yorub:i-

Plonlac 

Tmcheobionln 

Spermotophytn 

Mngnol iophyto 

�lagnoliopsido 

Dillcniidoc 

Olppnralcs 

t.loringnccac 

i\loringo 

o/eifaro 

Horseradish 

Tree or life, drumstick tree, ''mother's best friend" 

£11'1! lie, ewe lgbolt, or ldogbo mono}'<' 

Vemoculor names Gawaro, hobiwo/ houso, ko11c1111orodt, or r/11/ nroko (Fulani), 

bagonn,•or 111aka, bogonn1·ar masar, barnmbo. komukin zaila. shipka hali, shukn

ha//,,ko, ,;,,,111 11acaro, rim/II 111r11wo, :oga/1, or :ogallo-go,11/1 (1 /ouso) ond odudu oylbo,

okoc/,1 egb11, oh, I! oft,, ohi-e oylbo. ok11gboro ltt, 11/rc, iknt btkr (lbo)
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2.1S ftlori11ga olt!i/t!ra 

2.1 S. I BotaoiCAI dcscriplion 

,\lor/flga olelfera (Lam.) is a plllllt indigenous 10 south Asia, mainly in the sub Himoloynn

Inlets of India, Pakistan, Bangladesh and Afghanistan. It is now 11'idel> grown ond hiu been 

naturalized in many countries of the 1\"orld including Nigcrfa. The e:-.ponentiol growth in use 

of herbal medicines in mnny officio( systems of medicine as remedies for diverse condirions 

is 11·cll documcnred (Burki!� 1985; Gana1r0 et al., 2012). 

,\foringa oleifora is o perenniJII, evergreen tn:c thot grows up 10 200 (6.1 m) Ulll, whh a 

s1raigh1 rrunk and corky II hitish bark. The tree hos ruberous taproot. brittle stem and pale 

green compound rripinnnte leaves 30-60 cm (I 1.8 10 23.6 in) in length ond many srnoll 

leaflets. The lorcrol lcaflcrs are ellipric in shape while the rcrminiil ones nrc obovore ond 

slightly lorgcr !hon the lareml ones. The fruir pods nre pendulous, green turning greenish 

brown, lriongulor ond splir lcnglhwisc inro 3 p;irts 11hen dry. The pods are I 10 4 fl (30-120 

cm) long ond 1.8 cm (0. 7 in) wide nnd capering 01 both ends. The pods con1nin about IO 10 20

seeds embedded in the fleshy pirh (Patel et al., 20 I 0).

Kingdom 

Sub kingdom 

Super Division 

Dil•ision 

Class 

Subclass 

Order 

Family 

Genus 

Species 

Current name 

Common names 

Yoruba-

Plonlllc 

Trochcobionlo 

Spermorophyto 

Mognoliophyto 

Mognoliopsido 

Dillcniidae 

Coppnrolcs 

t-1oringoceac 

ft1oringa 

oleifora 

Horseradish 

Tree of life, drumstick tree, "rnorher's best friend" 

Ewe lie, ewe fgbole, or fdogbo 1110110)�

Vcmocuhu- nnmcs Gm,·nra. liablll'ol hariso, ko1111111ort1,la, or rlnl nraka (F11/ani).

bagnrznvar maka, bagan,wor mosnr, barambo. koroukin z.nlln. shipkn holl shukG 

ho/f,rka, rlmfn nacora, rlmln 111,mra, :ogo/1, or :ogalla-ga11di (/la,ua) and ocludu oylbo,
olcocl,/ egbu, okwc 01,1, okwt oylbo, ok11gl,ara itc, 11l1e, ik11 r bckt (Iba)
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2.15.2 Nutritioalll ,1lluc 

The Aforlngo ofe,fero leaves l1l'C high I) nutritious. being o signilic.,nt source of bctA-corotenc:, 

Vi1.:1111in C, protein, iron, and potassium. The lca\CS am commonly dried ond crushed into a 

powder, and used in soups and snuces. Amino acids in green leaf) \'C:getAblc:s \'nr)'

considerobly, and many thn1 rue stnplcs. nre low in the sulphur bearing amino acids 

methionine and cystinc (Ga.ssenschmidl el al.. 1995). The Oun:au of plant industry, in its 

report, Slllted th:it weight pe_r \\>tighl, �1oringu leaves hove the calcium equivalent of four 

glt1SSes of milk, the vitamin C content of seven oranges, potnssium of three bananas, three 

times the iron of spinach, four times lhe amount of vitamin A in canots, nnd f\VO times the 

protein in milk. The Moringn seeds yield 38-40"/4 edible oil (coiled bcn oil from the high 

conccntrotion of behenic ocid conloincd in the oil). The relined oil is clear. odorless, ond 

resists mncldily 111 lcast ns \\Cit as nny other botnnical oil. 

2.15.3 Chemical Constilucnls or 1\/orl11ga oltlftra leaves 

raiii et of. (1995) n:portcd the isolation of t\vo nitrilc glycosides from the ethanol extracts of 

,\foringa ofeifero troves, niniirin ond nhuirinin and three musmrd oil glycosides, 4-[(4'-0-

occtylalphn-L-rhomnosyloxy) bcnzylJisolhiocyDJ1nle, niniimlnin A, and niaziminin B. Si"< 

new o.nd three synlhcticolly kno,vn glycosides (Faiz.i et nf .• 1995) were also isoloted from the 

lea\CS of A·loringa oleifara, from lhe cthnnolic extmct. Most of these compounds, bearing 

thiocarbamote, carb:imntc or nitrite groups, nrc fully occtyln1cd glycosidcs. which arc very 

mrc in nature. Bennet ti of. (2003) isolated 4-(alphn-l•rhomnopymnosyloxy)

bcnz.ylglucosinol:ite nnd three monoacctyl isomers of this glucosinolnte from the clhnnolic 

cxtrncl of the leaves. 1l1c !roves olso contains qucrceiin-3-0-glucosidc nnd quercetin-3-0-

(6"-mnlonyl-glucoside), ond IO\\'er DJ11ounlS ofknemprcrol-3-0 -glucoside nnd koempferol-3-

0-(6"-rnnlonyl-glucosidc), 3-cafTcoylquinic acid and S�ffcoylquinic acid. Mnnguro 311d 

Lemmen (2007) reported the isolntion of live novonol glycosidcs chnrnctcrised as 

kocmpfcridc 3-0-{2",3"-diocctylglucosidc), kncrnpfcridc 3·0·(2"-0golloylrhomnosidc). 

kncmpfcridc 3-0-(2''-0-golloylrutinoside)· 7·0·olpho•rhDJ1mosidc, kocmpfcrol 3-0-[bc10-

glucosyl-(I - 2))-(olpho-rhnmnosyl-(I - 6)1-bcto-glucosidc-7-0nlplwhamnosidc o.nd 

koempfcrol 3-0-[olpha-rhomnosyl-{ I - 2))·(olpho·rhomnosyl-( I -4))-bctaglucosidc-7-0-

alpho-rhnmnosidc together with bcnzoic acid -l·O-bcu1-glucosidc, bcn2oic acid 4-0-nlph:i

rhnmnosyl·( I _ 2)-bcta-glucosidc nnd bc111J1ldchydc 4-0·bcto-glucosldc from mcihanol,c
extract of 1\/orlngn ofelfera (c.nves. Also obtained from tho wnc e,trttel \1Crc l..no11n

compounds, knempfcrol 3 •. Q.olphn-rl111mnoside, koempfcrol. syringic acid, g:illic acid, rutin
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2.15.2 Nutritional ,11luc 

The /.fonnga olcifera IC3ves arc highly nutritious, being a significant source ofbet11-(llt0tenc, 

Viwnin C, protein, iron, and polllSSium. The ICll, cs arc commonly dried nnd crushed into o 

powder, ond used in soups and snuccs. Amino adds in green le:ify vegcu1blcs vnry 

considerably. und many that ore staples. ore low i n  the sulphur bellfing amino acids 

methionine nnd cysiine (Gassensclunidt et al .. 199S). The Bul'C4u of plant industry, in its 

rcpon, stated that ,,·eight per ,,-eight, �1oringn leaves hove the calcium equivalent of rour 

glasses or milk, the vitamin C content of seven oranges, pot.a.ssium of three bllnanns, three 

times the iron or spinach, four times the nmount of virmnin A in carrots, and !\VO times the 

protein in milk. The Moringa seeds yield 38--40¾ edible oil (cnlled ben oil from the high 

concentration of behcnie acid con1aincd in the oil). The refined oil is clear, odorless, and 

resists rancidily ot !cost os \ICU as ony 01hcr bo1onical oil. 

2.15.3 Chcmienl Constituents or ftlorhrgn oltiftrn lcnvcs 

Fnizi et al. ( 1995) reported the isolation of two nitrile glycosides from the ethanol extracts of 

1\lori11gn olcifera leaves, ni01.irin and niuirinin and three mus111rd oil glycosides, 4-[(4'-0-

ncetylolpha-L-rhnmnosyloxy) bcnzyl)isothiocyanote, nilliminin A, and ninziminin B. Six 

new and three synthcticnUy kno\\n glycosides (Foizi ct al., 1995) ,vere also isohncd from 1he 

leaves of /.fori11ga oleifara, from the ethnnolie extmct. Most of these compounds. bearing 

thiocarbamiue, c:irbnmnte or nitrilt groups, ore fully ncctylntcd glycosides, which nrc very 

mre in nature. Bennet et "'· (2003) isoloted 4-(alpho-1-rhamnopyranosyloxy)

benzylglucosinolo1c nnd three monoacclyl isomers of this glucosinolotc from the cthnnolic 

extract of the lc:1ves. The lca,•cs olso conlDins qucrcctin-3-0-glucoside and quercctin•3-0-

(6"·mnlonyl-glucosidc), and lower amounts or kacmpfcrol-3-0 -glucoside and kllcmpferol-3-

0-(6"-malonyl-glucosidc), 3-coffeoylquinic acid and 5-cafTcoylquinie acid. Monguro and 

Lemmen (2007) reported the isolation of fi�e na�onol glycosides chamctcrised os 
kacmpfcridc 3-0-(2",3"-diocetylglucoside), kacmpfcride 3-0-(2"-0golloylrhamnoside), 

kacmpfcridc 3·0-(2"-0-galloylruiinoside)-7-0·alphn-rhomnosidc, kacmpfcrol 3-0-[bctn

glucosyl-(I - 2))-[alpho-rhamnosyl·(I - 6))-bclD-glucoside-7-0olphnrhomnosidc and 
kacmpforol 3-0-(alpha-rhomnosyl-( I - 2)]-(olpho-rhamnosyl-( I -4))-bctaglucoside-7-0• 
alphn-rhnmnosidc together I\ ith bclllOiC acid 4-0.bcui-slucosidc, benzoic acid 4-0-alph3-
rhomnosyl,(I .... 2)-bcln-slucosidc and bcnl.llldchyde 4-0-beu1-glucoside from mcthanolie 
exlroct of 1\forillg" ole/ftro leaves. Also obtained from the same cx1mc1 \\Cl'C known

compounds, kncmpferol 3-0-alpha•rhamnosldc, kacmpfcrol, S)'rinsic acid. gallie acid. ru1in
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and quercctin 3-0-bcta-glucosidc. Their structutts \\'Cre detennined using spectroscopic 

methods ns wcll ns comparison with data from known compounds. Hueih- Min Chen l't of

(2007) using GC-MS isolated 44 compounds from the !coves. Singh l't al. (2009) rc!poncd 

presence of gallic acid, chlorogcnic acid, ellagic acid, fcrulic acid, kaempfcrol, qucrcc1ln ond 

vanillin from the aqueous cxtracLS of ICllvcs, fruits Md seeds of 1\forlnga o//efera. All 

compounds were nnalyzed by HPLC and MSfl.1S techniques. 
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2.lS.4 Some or the Pb11rm11cological Ac lions or !tlorlnga oltlftra

• Mellwlol extrac1 orlcar and root caustd significant reduction in tbenn11I hyperalgcsia,

nnd mechanical nllodynio in complete Freund's adjuvon1 induced arthri1is in rots.

(Monnheji et al, 2011).

• Ethanol extract of the lenves h11S nrbotifacient activity in rats trealed ,vitb 175 mg/Kg

from ten days of post ma1ing period (Sethi tt al .. 1988).

• Fresh leave juice, aqueous and eth11nol ex1.r.1cts hnvc bocteriocidnl and b:ic1erios1a1ie

activity against some human pathogenic b3c1eria (Alam et al., 2009).

• 1 lydro-ellumol extract of the dried pod ameliorates DMBA induced renal

carcinogenesis in mice by mechanisms rcloted to its 11n1ioxidont properties (Pnlh,111 et

al .. 201 I).

• Ethanol extract of the leaves changes some CVS p11mme1crs f11vorably in a manner

comparoblc with ntcnolol in ndrcnnlin induced rats (AIR) (Ara tt al .• 2008).

• \V inlcr snmplcs of1hc s1em and sllllk ha,c higher Clllcium and phenol compounds, and

also slongcr anti-oxidant properties c�mpnred 10 l11c summer sa111plcs: cxcepl the

lcnvcs (Tsoi et al., 2011).

• Ethanol cxtracl or the !coves shows hcpaloprotcctivc ability on lhc histology or

porocetnmol induced liver damage in rots ( Buraimoh e1 al., 2011).

• Methanol cxlracl of len,•cs stimulate both cellular nnd humoral immune response

(Sudha et al., 2010).

• Lipophilic methanol c.,tract of ,\{oringa oleifera hns antiplasmodial activity against

chloroquine sensitive strain of plasmodium fnlcipnrum with a mean IC,o value

>SOµg/011 (Kohler cl al., 2002).

• \Voter cx1roc1 of Alori11gn oleifern seed hos lorvicidal acti\lity agninsl Acdrs acgyp1I

(Fereira el al., 2009).

• Lcnve po\\dtr of ,\lor/11ga oleifera boost immunit} in about 80% of 263 I llV patients

and confirms 111111 43% usage in II survc} on mctnbolism 1111d transport to improve

clinical oulcome �1oncrn nnd Mapongo, 20 I 0).

, ,\foringa oleifera leaves Is used for 24 medicinal purposes in Ugonda ond It conlnins 

tannins, steroids and triterpenoids. navonoids. soponins, 11nthraqumoncs, 11lkllloids

and reducing sugars (Koso lo ti al., 20 I 0).

• Ethanolic cxtmct of Alorlnga oleifera leaves prc\cnted o,'llficctomy Induced bone loss

too level comp.'.lrable with cstrodlol (S11nganna. ti al., 2010).
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• Finely powdered dried sett! kernel or Alonnga o/eifero sho11cd significant

improvement in symptoms score and severity of asthmatic ot!llcks (Agm1vol ond

Mch1a, 2008),

• Fully occtylotcd lhiocarbamarc glycosidc isolotcd from Aforlnga ole,fara lcnvcs

showed hyporcnsivc octivit) (F:irzi tt al .. 1995).

• Aforinga olcifera lco1·e c.�trnct irn:re:isc cfficocy or chemotherapy in human \\ith

adcnocorcinoma of the pancreas by inhibiting growth ond opoprosis.

• Aforinga oleifera ha1•e brood octivirics like diuretic (Morton, 1991), purgarivc,

ontifungol (Terms ti al., 1995), 11n1imicrobinl (Spiliotis ond uilas 1998), ontib:u:tcriol

(Doughori Cf al., 2007),

• Anti-innommatory, ontitumor. nntioxidnnr, onti-oging, estrogcnic, onti-progcsuuionol,

hypoglycemic. anti-hyperthyroidism (Tnhilinni and Kor 2000)

• Anti-ulcer (Pal et al .. 1995), hypocholcS1crolcmic, ontisp3Smodic, ontihypencnsive.

relieving headaches and migraines, convulsion (Patel et al., 20 I 0).
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CHAPTER THREE 

MATERIALS ANO METHODS 

J.I List or �ln1crh1ls 

Twccn80 
Olazcpnm 
rc111obnrbltonc 
Pcnl) lcnc1c1mzolc 
SLrychnlnc 
Plcrotoxln 
Llpopolysncchorldc 
FDS 
RP/\11 1640 
Olulnminc 
Trypsin 
EDT1\ 
PBS 
/\1IT kit 
McthMol 
D�ISO 
Sulphnnilamidc 
NNED 
DCFDA DSMY kit 
ELISA kits 
Lysis buffer 
PMSF 
Nuclear Extrnctlon kit 
Rabbit nnti-iNOS 
Rabbit ontl-COX2 
0001 anti-rabbit lg(! 
Rabbit ontl-actin ontibody 
0�1£�1 
Luclfcrin-luclfcrase bioluminesccot 
ISSIIY kit 
�IAP Kll\3.Sc t-<luhi-Target 
Sandwich ELISA kit 
Penicillin and SlrCptom)-cin 
Anti-CD3 (OKTI) 
Anti-COi la (HB202) 
Anti-COS4 (R6.506) 
Trypan blue 
erst 

\nnt in V 

7AAD 
CCR7 

Y-,nalC 
Open field app.1ro1u, 
llolc boord

Elevated plus mozo 
Observation chrunben 
rrcc1.crs 
Microscope 
t.11cro plate rc11dcrs 
96 Well plates 
24 11ell plates 
6 well phucs 
T 7S culture fluk 
I lcamoc}10mctcr 
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J.l Plant collcctlon unll 11ulhcnllncn1lon

TI1c leaves of ,\forfnga olclfern wns collcc:1cll 01 the llomcslic garden 01 Ojoo, lbndan, Nigeria

in Augus1, 2010. ll ,,as lllcn1ified nnd nuthc111lc111cll by Mr. O Oshlnycmi, n plont toxonomls1

at Forest I lcrbarlu111 lbndnn (FIii), Fores1ry Research lns1ilu1c of Nigeria (FRIN), lb:ldan

\\here n voucher specimen (Number Piil 109601) wa1 dcposilcd 

J.J l'lunt Extrncllon

The lcnvcs \\Cl'C nir-drlcll and po11dcrcd. 1:ive hundred grams (SOD g) of plonl powder \\-ere

mnccmtcd In SO o/o cthnnol for 72 hours. The cxtmct ,,·as fihcred and solven1 rcmo�ed using

rolory c1·opom1or under reduced 1cmpcm1ure and pressure (OUCHI Ro1ovapor R-20S).

Pcrccn1osc yield "ere cnlculn1cd and plnnl c:�trnct stored In ot 4 •c till needed for analyses

J.4 Phytochcrnlcnl Analysis

TI,c qualitative dclcrminolion of the phytochcmlcal con�1i1ur:nts wos pcrfo,mcd et the

Dcpiutmcnt of Phonnocognosy, University of lbodnn, lb:t<bn. It was conducted using the

suindord methods described by f'omS\,orth (1989); Sofoworo (1993).

J..1.1 Octcrmlontion of nlknlolds 

\Vogncr's test: Crude ethanol C'<lmcc (2 mg) 1111S acidified with I S o/e v/v of hydrochloric 

acid and o few drops of \Vogncr·s reagent (Iodine in powslum iodide) "'"U added. A )Clio"' 

or bro1vn ppt. indicates the presence of alkaloids. 

3.�.2 Dctcrmloollon of s:iponln
Foom Test: The extmcc (O.S g portions) was shaken with 2 mL of \\lllcr. FOllffl prodi,ccJ

"'hich pcr,istcd for ten minute� lndiCllicd the prcscncc of s:iponins.

3.4.J Dctcm1inntlon of tannins and pbcoollc compounds 

Fcmc chloride test: To I mL aliquot or each of the oll"ICt 3--t drops of acu::n1 S� fmk 

chloride so-ludon \\11.S adtlcd Fonnation of M pcm colour inJica:N ib( � of 

phenols 
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3..1..1 Detcrmin111ion or anlhraquinoncs

Test ror combined anthraquinonc.\; One gn\111 or po11dered c,truct 11ns boiled 11 ilh :? mL of 

10 % hydrochloric 11cid for 5 mmutcs. The mL,turc 11us filtered 11hile hot nnd filtrate 11.i.s

ol1011ed to cool. The cooled filtrate was partitioned og:iinst cqunl 1olume of chloroform ond 

the chloroform loycr was tmnsrcm:d into o tc:st rube using o p1pe11e. Equal 1olumc of IO�. 

11mmonia solution was added into the chloroform lo)cr, shaJ..en and 0ll011cd to scp;iratc The 

separated aqueous lo)cr 11as obscncd for on) c-0lour change, deliaitc rose pink colour 

sho1\ed the pn:scncc or an onlhmquinonc. 

3.".5 Dcterntlnation of c11rdcnolidc (airdloc gl)cosidc} 

Kcllcr-Killiani's test: I mL of of the extract 11-:is mixed 11ith S mL of 7�'t alcohol for 2 

minutes. This 1vns filtered ond to the filtrates \\OS added 10 mL of 1101cr and O.S mL of le:id 

occtote. This wllS filtered ond the filtrate 11"3.S shaken 11ith S ml of chloroform TI1e 

chloroform h1}crs were scp,inncd in o porcelain dish and the sohent remo1cd by e111pomtion. 

This 1\1\$ cooled ond dissol\cd in 3 mL glacial ocid con�ining 2 drops of S �. ferric chloride 

solution. The solution wos careful!> tra115fem:d 10 the surface of:? ml concentrated sulphuric 

acid. A reddish bro11n l11)Cr formed at the junction of the 1\1·0 liquids ond the upper layer 

11hich slowl> become bluish green ond d11rkemng with standing indicated the presence of 

c.inliac glycosidcs. 

3.-'.6 Test for Coumnrins 

Crude c\lract (I g) was ploced in 111est tudc and co 1cred 1\ilh filter p;ipcr moistened 11i1h 

dilute sodium h)'droxldc (NoOH), then hc.itcd oo 1,111er b3th for II fe11 minutes. The filler 
poper 11as examined under UV lighl, )C:11011 fluorescence indic.ited Ilic p=ncc of 

coumorins 

3.5 Animnls 
Mole mice, weighing betiicen 20·25 g purchased from the Ccntrul Anlmol llo�. Unilcrsity
of Ibadan. !bod.in. Nigeria. ,1crc used 10 e�alu111c the acute to,icity of cth.inol c,tract o f
,\lorh,ga olcifaro lell\CS (E�IOL). The animals were J..cpt in a ,1cll ,cntilotcd cn 1u-onmcnt
111th free ac«ss 10 food (rodent pellets from Ladokun Fttds) and ,1otcr ad lib11u111
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J.6 Acurc Toxicily Stud) 

The method described by Lorke (1983) WllS used 10 dc1crmine the LDio of erhonol cx1rne1. 

lnili11l dose finding procedure involved administering IO. I 00 and I 000 mg/Kg of e:1.1mc1 

orally using cnnulo 10 three groups of three mice cnch. The 1�1cd animals \\ere moni1orcd 

for 24 h mortnlity and general behavior. From the rcsuhs of the obo,·c s1ep. 4 di1Tcrcn1 doses 

of (800, 1600, 3200 and 6400 mg/Kg) ''"re chosen and administered p. o. rcspc(livcly 10 4 

groups of one mouse per group. The treo1ed animals \\'Cre monitored for 24 h. The LO� ,vns 

then colculnled llS the geometric mean of the lowest dose showing dco1h and the highest dose 

showing no den1h. 

J,7 Prcparntlon of working solution of e1bunol cxtrnct of 1\lori11go olcifcro lcn,cs 

(Et.lOL) 

The darl, bro,vn coloured Et-.lOL (I g) wllS \\'Cigltcd ou1 and dissolved i n  5 n1L of 5 % 1wecn 

80. The 5 % 1,vccn 80 used llS vehicle was prcplll'Cd by adding 0.5 mL oft,veen 80 10 9.5 mL

of distilled wntcr. Using approprialc formula and colculaiion. dilutions ,vcre ,nade from the

,vorking solution prepared such 1h01 S I mL wos odminis1ercd ornlly 10 the animals.

3.8 Oislributlon or animals and ndmlnl�1r111ion of exrrncl 
Animals \\CIC randomly distributed Into groups and orally administered either EMOL or 
vehicle. Control mice 11crc gi,cn 10 mUKg 5% Tween 80 (O)emiton et al., 2008). 

3.9 Ochnvloml Srudlcs 

3.9.1 Anhnnls 
Animals were randomly divided in10 six groups of live each. l\•lnlc mice, \\'Cighing bcl\,eccn 
18·22 g were used 1o evalua1e the e1Tec1 of cthnnol cx1roc1 of ,\lorrnga oleifera lc:1,cs 
(EI\IOL) on behavior. The mice were provided food Md ,valcr ad llb111m.

3.9.2 Ols1rlhu1ion of nnimnls nod odminlstrntlon of cs1n1c1 
Thirty mice were randoinly dis1ribu1ed into six (6) g10ups of livo (5) each. Animals In 4 ou1 
of lhc 6 groups were 1rcn1cd \\ilh 250 mg/Kg. 500 mg/1,.g, 1000 mg/Kg Cll1d 2000 mg/Kg
EMOL orally. The remaining groups rccci\'cd cllhcr 10 ml/Kg .s,, T11ccn 80 (O}cmilM rt 
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al .. 2008) or 3 m�g diazcpam (Oycmi1an tr al 2008) to serve 11s conlrOI nnd SU111dard

respectively. 

J.9.3 No,·elty Jnduccd Bcba\'lor (NIB) 

NIB \\'IIS nsscsscd by the method described by Aja)i and Ukponm1vQJ1 ( 199-1) ,vith some 

modifications in llll open lield. The open licld is II rectangular 11renn composed of II h:irdbonrd 

noor (36 " 36 cm1
) \\'ith n surrounding wall 30 cm high made of 11 hite p:1intcd "'ood. TI1e

noor is divided into squares of 9 cm2• The mice \\Cre allowed 6 • 10 minutes epochs during

,1hich locomotion, re41'ing 11nd grooming were obscn•ed and scored. 

This nllowed for chllr.lcterizntion of drug-induced alterations. The mice were then returned 10

their home cages. Ench test session invoh•cd nllowing tl1c mice to acclimatize 10 the testing 

en,�ronment (a quiet 1vell , entilntcd room) for 30 mins. All bchnvioural testing 1\'IIS carried 

out bcrween 9 nm and 2 pm. The Cll'tnlCI was administered 10 the mice before pl:icing in the 

open lield nrena. One hour afler :idministr:ition each mouse was inlf'Oduced into the arena :ind 

frequency of grooming (the number of body cleaning with pn11s picking or the body and 

pubis with mouth ond face ,1t1shing actions) nnd rearing frequency (number of times animal 

stands on its hind legs or with its forearm ogai11st the wnll of cage or in free nir) 1 ,os scored 

for 30 mins. TI1e procedure was rtpc.!U:d for nil the mice in  the different groups. TI1crc ore sLx 

groups of fi,,e mice cnch. 111c groups ore vehicle (IO ml/Kg; S% Tween 80), 2S0. S00, I 000 

ond 2000 mg/Kg E�IOL, and di112Cp:lffl (3 mg/Kg). After each session, the floor of the 

apparatus WIIS wiped with 70 % ethanol nnd dried thoroughly to remo,•e 1mees of previous 

p:lth. 

3.9.4 Exploratory Acth•lly (Head Olp)

The hole bo:ird test wns used 10 nssn)' polcntiol sedative cffce1s. 111c hole bo:i.rd is o wooden

box. 40 )( 40 cm, ,vhh sixteen holes with (diameter 3 cm) evenly sp:iccd on the noor (Hui et

al., 2001 ). One hour 11ncr oral odministmtion each mouse 1,ns placed 01 the centre of the

board and the number of head dips into the holes scored over n S min period. Results obtoincd

were expressed as  mean iotnl number of head dips (Lister, 1987). The procedure ,vas repeated

for oil the mice in the different groups. There are six groups of live mice c:ich. The groups ore

vehicle (Io ml/Kg; S% Tween 80), 2S0, S00, 1000 and 2000 mg/Kg E�IOL. Md dinzcp;un

(3 mg/Kg). After each trial, the aoor of the opp31111us ,ins wiped with 70�• cthnnol Md dried

thoroughly to remove traces of previous �th. 
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3.9.5 Learning and n1cmory (''-maze) 

V-mazc wus used to assess the effect of the cxll'3ct on shon term memory. The V-mo.ze is

composed of three equally SP3ccd QtJ'llS (120"; 41 cm long " IS cm high x S cm ,,iide). The

parameters as.scsscd arc nrm entries (locomo1or activity) ond sponl3ncous altemation

performance (memory). One hour after oral adminiSIJation each mouse ,vas placed in one of
the arm compartments and allO\\Cd to move freely for 5 min. Enny ,vas defined as when
body except tail of a mouse completely enters into an arm compartment. The sequence of

entry was recorded monlllllly. Alternation is defined as entry into oll three arms

eonsccutivcly. The nrrns were labeled A, B. and C. thus consecu1ive entries is AOC, OCA.
and CAD.
Percentage altcmlllions ,vos calculated :is

r_ Actual alrmiaclon ] �laxlmum alternaclon x lOO

\Vherc the maximum number of sponlllllcous ahem:uions was then calcula1ed ns 
[Toca I numbtr of arms entered) - 2 

The procedure \\OS repeated for oll tl1c ,nice in tl1c different groups. The groups ore vehicle 
(10 ml/Kg: 5% T\,een 80). 250. 500, 1000 Md 2000 mg/Kg EMOL, and diazcp:im (3 
mg/Kg). TI1c apparatus wos cleaned oner each onimol session to eliminate odour from 
previous animal (Orocco ti al, 2002). 

3.9.6 Anxlolytic tc.11 (Elevated plus mnz.e) 
The elevated plus ma.ze model (llandley and Mitl1ani 198<1: Pellow ti. al. 1985) wns used to 

assess anti-anxiety effect. Lister (1987) vnlidotcd the use of the elevated plus ma.zc in testing 

anxiolytic effect in mice. The mice wen: assessed for the aversion of the open space and 

height. The elevated plus maze with two open Md 1\10 closed onns was used. The plus used

is mode of\\ood 1vith open anns 30,. S x 15 cm ond closed nnn 30 ,c S x IS cm. The arms

extend from the central pla1fonn (5 ,. S cm). The open onns. 1he central plotfonn, ond the

Ooor of the closed omis nrc painted black. The apparatus Is mounted on o wooden base

raising it by 38.S cm obovc the Ooor. Also the open nnns ho1•c o slight ledge 4mm high to

prevent mice from slipping and foiling olTthe edge. One hour anor oral odminislrlltion Cllch

mouse 11,115 placed in tum at the centre facing one ofdtc closed arms ond assessed for S mins.

The Ii II · bch · scored· """n om1 entries. closed nnn entries. time spent in openo owmg a1•1or was , �,,-
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arm and time spent in closed am1. The index of open nnn 11voidance \\i!S interpreted 45 le1el

of anxiety (Trullas and Skolnick, 1993) and calculated os 

[too- �ll!MOnopn,onn +�mlrlal.oroo, ... """')I

111c procedure ,v:is repeated for all the mice in I.he different groups. There ore six groups of 

five mice each. The groups are vehicle (10 mUKg; S¾ Tween 80), 250, SOO, 1000 1111d 2000 

mg/Kg EMOL, and dinzep3m ( I mg/Kg). After each mouse DSSCSSment the lingering 

olfactory cues wus cleaned using 70% ethyl alcohol. The doses used foll in the range that do 

not affect motor coordination (Reddy and Kulkarni, 1997).

J.9.7 Sctlntlve test (Pcntob:irbltone-lntluced sleeping time)

The pentobarbitonc-induced hypnosis test thnt mC3SUrcs onset and duration of sleep wos used

to nsscss sedative activity. Pcntobabitonc is on ultra-short acting barblturntc type hypnotic. It

induces sedation or hypnosis in animals by potentiating the GABA mediated post synaptic

inhibition through an allosteric modification of GABA receptors. Substances that have CNS

depressant activity either decrease the time for onset of sleep or prolong duration of sleep or

both ( Trevor and \Vay 2007).

The protocol for pentoborbitonc induced sleeping time wns according to n1cthod of Turner

(1965). The mice ,,ere divided randomly into six groups of five mice each. The groups arc

vehicle {10 mlJKg; 5% Tween 80), 2S0, 500, 1000 and 2000 mg/Kg EMOL. and dinzcpam

(3 mg/Kg). One hour oner oral administration, pcntob:irbitone 40 mg/Kg, i.p., (Sigma

Chemicals USA) ,vos administered to coch mouse to induce sleep. Eoch mouse ,,us obscrved

for latent period (time bct,�ccn pcntob:irbitone administrnrion to loss of rishting rencx) ond

duration of sleep (time between loss ond recovery of righting rcncx).

3.10 Anticonvulsant 

3.10. I Anlmnls 

�lolc mice, wcil:',hing between 18-22 g were used to cvnluo1e the effect of ethnnol extract of 

i\lorlnga olcifcro leaves (EMOL} on convulsion. The mice were provided food ond \\ater od 

llbtum. 

3.10.2 Pcntylcnctctrniole (PTZ)-induccd con,'lllslon

PTZ (85 nlll • ) used to induce clonlc-tonic convulsion in mice (Swinyurd o/ o/mti' ,_g, S,C. \VBS 

1989). The mice were divided into six groups often (10) eoch. The groups ore ,chlclo (10
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arm and time spent in closed arm, The index of open arm o\'oidancc ,1.1$ intc_rprcted as lc\'cl
of an.'licty (frullas and Skolnick, 1993) ond calculated as
[ 100 - ('6 ,.,,.. on OJI""'"" � ffllrla lnco ope, emu)] 

111e procedure was rtpcated for all the mice in the different groups. There ore si., groups of
five mice each. The groups nre ,ehiclc (10 mlJKg: 5% T\\ecn 80), 250, 500, 1000 nnd 2000
mg/Kg EMOL, nnd dinzepnn, (I mg/Kg). After c:ich mouse assessment the lingering
olfactory cues "as cleaned using 70,'o ethyl alcohol. The doses used fall in the mnge that do
not affect motor coordination (Reddy and Kulk:llll� 1997).

3.9.7 Setl11tlvc test (Pcntobnrbltone-lnduced sleeping time)
The pcntobarbitone-induccd h)-pnosis test that measures onset and duration of sleep w11S used
to assess sedative activity. Pcntobabitonc is an uhra-shon acting barbiturate type hypnotic. It
induces sedation or hypnosis in  animals by potentiating the GADA mediated post synoptic
inhibition through on allostcric modification of GABA receptors. Subst11nccs that ho,•c CNS
depressant activit) either decrc:ise the time for onset of sleep or prolong duration of sleep or
both ( Trevor ond \Voy 2007).

The protocol for pentoborbitone induced sleeping time was according to method of Turner
(1965). The mice \\ere divided rnndomly into six groups of five mice each. The groups arc
vehicle (10 mUKg; 5% Tween 80), 250, 500, 1000 and 2000 mg/Kg EMOL. and dinzcpom
(3 mg/Kg). One hour oner oral administration, pcntob:irbitonc 40 mg/Kg. i.p., (Sigma
Chemicals USA) w11S administered to each mouse to induce sleep. Ench mouse ,vns obscn•cd
for latent period (time between pcntob:llbitone administration to loss of righting rcnex) and
duration of sleep (time bct,,ccn loss and recovery of righting renex).

3.10 Anticon,•ulsant
3.10.1 Anln,ols
�lnlc mice, weighing between 18-22 II were used to C\Oluate the effect of cth:lllol extract of
1\for/11ga alcifora leaves (E�IOL) on convulsion. The mice \1crc provided food and \\Oler ad

llb111m. 

3.10.2 Pent) lcnctctn12olc (PTZ)-induccd con,'Ulslon
PTZ (85 mg/Kg; s.e.) was used 10 induce clonic-tonlc con\'11lsion in mice (Swin}'IU'd et al. 1989). The mice were divided into si-.: groups of ten (10) each. The groups arc \Chicle (10
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mUKg; 5% Tween 80). 250, 500, 1000 and 2000 mg/Kg E.t.lOL. and phcnobarbitone (�0
mg/Kg). One hour after administration (p.o) the convuls:i.nt \\'Crc used to challenge lhe
:inimal. The pcrccnlllge survival \\·as recorded for roch group.

3.10.3 Picrotoxin-induced con,•ulsioo 
Picrotoi<in (14 mg/Kg; i.p.) (Guptn et al., 1999) \\'aS used to induce limbic seizures followed 
by SUltus epilcpticus in mice. The mice \1en: divided into six groups of ten e1ch. The groups
an: vehicle (10 mUKg; 5% T\1ccn 80), 250, 500, 1000 nnd 2000 mg/Kg E!IIOL. and 
phcnob.lrbitonc (40 mg/Kg). One hour nficr administration (p.o) lhe convulsllnl \vere used to 
challenge the noimol. The pcrccnlllgc survival 1va.s recorded for C4ch group. 

3.10.4 Strychnine-induced convul1ion 

Strychnine (2 mg/Kg: i.p.) (Aguih1r-So.nu1mnria o.nd Tonoriello, 1996) used to induce 

seizures. The mice \1en: divided into six groups of ten c.1ch. The groups ore vehicle (10 

mUKg; 5% T\veen 80), 250, 500, 1000 ond 2000 ms/Ks EMOL, nod phenobnrbitone (40 

mg/Kg). One hour oiler odministr:uion (p.o) the convulsont wen: used 10 challenge the 

animal. The percentage survivol was recorded for each group. 

3.11 LPS-lnduced cognitive delicll in  mice 

3.1 I.I Anlmnls 

11,iny mole Swiss albino mice wcighins 20-25 g were obtained from the Ccntrnl Lnboratory 

Animal l lousc of the College of !llcdicine, University of lbndon, lbadnn, Nigeria. Animals 

were mainlllincd in nccordo.nce ,vilh the University of lbadon Ethical Committee guidelines 

for the core ond use of laboratory animals. 

3.11.2 Distribution or nnlmnls nnd ntlrnlnlstrntion or t.\lmct

The mice were randomly divided into five groups of six animals ench nnd housed in SCp:lJ'llle

<:llges. All onimals hod free access to food and water. The experimental animals were

pretreated orally \vith E�IOL at 100,200, and 400 mg/Kg or normnl saline (10 mlJKg) once

daily for seven consecutive dnys. Thcrcnfier, 250 11sfKg lipopoly50cchondc (LPS) was

administered intraperitoneally 10 the three groups 1h01 received l!t-10L nnd one of the groups

,L 1 • d I I' r. another se11en davs 10 induce memory Impairment T\\cnl) •u,n receive normn sn me ,or ' 

four hours oner Inst administration the anlmnls \\ere subjected 10 Y-mn.ze nod object

recognition tests. 
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3.U.3 Y-msue (Sp:11i:il r.temory test) 

Y-mnze ,,-as used 10 assess the effect of the ex1n1c1 on short term memory. Toe Y-maic is 

composed of three cquolly sp3ctd arms (120"; 41 cm long x IS c:m high 1< S cm \\ide). Toe 

para.meters assessed ore arm entries (loc:omotor activity) 11lld spontaneous alternation 

pcrfonnancc (memory). T\\cnty four hours ofter oral odminisll'3tion each mouse \l'll.5 placed 

in one of the lll'ITI compartments and 01101,·cd 10 move freely for S min. Enuy was de lined as 

when body except mil of a mouse complctel) enters into an am1 compartment. Toe sequence 

of entry \\'35 recorded m11t1ually. Ahcmotion is delincd as cnuy into oil three arms 

consecutively. The arms \\Cre labeled A. 8, 11lld C. thus consecutive entries is ABC, BCA, 

11lld CAB. \Vhcre the mo.ximum number of sponllllleous ahem:uioos \\'OS then colcula1cd as 

[Total number of arms entered] - 2 

Percentage oltcmotions ,vos calculated os 

b 
Acrual alrernatlon ] 

X 100
laxlmum alternation 

The procedure \\'ll.S repe31ed for nil the mice in the different groups. The apparalUs 1vas 

clcnncd ofter each animal session 10 climinotc odour from previous animal (Brocco ct al,

2002). 

3.11.4 Object recognition tnsk (Cognitive n1emory test) 

Mice were nllowcd 10 habiluotc to the open field box used for the object recognition wk for 

2 da) s prior to the test (ic for about S minutes on the (llSI 2 days of administration). On the 

lest day, cnch mouse ,vns nllo\\ed n 1mining session of 5 minutes with "''O identical objects 

(small plastic toys) placed in opposite direction in the open field. Time spent exploring each 

object during training session ,vas recorded. Too mouse WIIS then rerumcd 10 its cage. Afit:r 

I h, one of the objects ,1'1\S replaced with novel object ond the mouse returned for the te�t 

session. Toe test session (11St for 5 minutes and time spent exploring the familiar o.nd novel 

object wns recorded. Ancr c.,ch scssion,thc oreno and objects were clclllled thorough() 11ilh 

10 % ethanol to ensure thot bchnvior of the mice was not guided by prc\•ious mouse odor

cues. 
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3.12 /n-1•itro antincurolanammolory mechanism

3.12.I Cell Culture 

�!urine microg)ia cell line BV-2 obtnined from lntcrlob Cell Linc Collccrion. Bnn� 

Biologic11 Cell Factory, Genoa, llaly (ICLC ATL03001) was cultured in RPr-11 1640 (Gibco) 

supplemented with IO % FBS (Sigma), 2 m�1 glutaminc (Sigma). Cells 1vere splil I :5 when 

1hey reached confluence using trypsin/EDT A solurion in PBS. Cultures 11•ere S">"'" 111 37 CC 

i n  5 % COi until 80 % confluence. 

J.12.2 �ITT nssay ror cell ,·lnblllty

The viability or OV cells nflc:r treo1men1 with crude c,1mct ond frne1ions 1vos delennincd by

the colorimetric 3-(4.5-<limcthylthiczol-2-yl)-2,5· diphcn) I tctrazolium bromide (MTI)

QSSOy. The yello1v compound tvlTT is reduced by mitochondrial dc:hydrogenascs to the 1vuter·

insoluble blue compound fonnozan, depending on the ,•iability of cells. BV-2 ,verc cultured

in 96-w·ell plates for 48 hours, and then pretreQted for 30 minutes 1vi1h or  1vithou1 extracl

(100. 150 nnd 200 µg/mL) follow·ed by incuba1ion 1vi1h LPS 100 ng/mL for 24 hours. Twenty

microlitres (20 µL) MIT solution (Sigma) (S mg/ml) was added to �c:h \\CII. l11e 96 1vell

plate were incub:ncd for 4 hours 01 37°C in a C01 -incub:nor. One hundred and eighty

microli1ers ( 180 µL) of medium wos remo1•ed from each well without disturbing the cell

clus1ers and replaced 1vi1h methanol/DlvlSO solu1ion (50:50). The: preparations were mixed

thoroughly on II plate shnkcr with the cell containing fonnllZl'ln 0rys111ls. After oil of the

cryslllls ,vcre dissolved, the nbsorb3ncc wus read al 540 nm 1vith a microplote reader.

3.12.J Oetcrmlnntion orNltrilc: producrion by 0\1-2 cells 

Qunntilication of nitrite accumulorion In BV-2cclls 11as cnrrkd out as described c:orlicr

(Olnjidc et al., 2013). Cells ,,..ere seeded in 96-wcll plnlcs (2>< IOs
noo ml/well), cullurcd for

48 hours, and then incub:ned ,vith or without LPS (100 ng/mL) in the absence or presence or

cx1mct (100, ISO, 200 µg/mL) for 24 h. As n poro.mcrcr of NO synthesis, nitrite c:oncentrotion

1ws assessed In the supcmomnt of OV-2 cells by the Griess rcoction with a commercially

ovoilnble kit (Promcgo, Sou1hompton, UK). Absorb3nce wns measured 111 540 nm using o

Tccan PSO microplote reader. Nitrite eonccn1n11ions in the supcmalllnts \\Cl'C dc:tcrrnlncd b)

comparison ,vith II sodium nitrite standard curve. E�pcrimcnlS were performed at lea.st three

times and in triplicote. 
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3.12 ln-,•itro anlineurolnOammatory mccbllni_sm 

3.12.1 Cell Culture 

Murine microglia cell line BV-2 obuuned from lntcrlab Cell Linc Collection. O:ine:i 

Biologica Cell Factory, Genoa. ltllly (ICLC ATL03001) was cultured in RP�II 1640 (Gibco) 

supplemented with IO % FBS (Sigm11), 2 mM glul411Jine (Sigma). Cells ,vcrc split I :5 "hen 

the) reached c-0nfluencc using trypsin/EDTA solution in PBS. Cultures ,vere grown at 37 "C 

in 5 % CDJ until 80 % connucnce. 

3.12.2 r.rrr assay for cell vinbilil)' 
The viability of OV cells after treatment with crude extract and fractions was determined by 

lhc colorimetric 3·(4,S-dimc1hylthi0201-2-yl)-2,5- diphcnyl 1c1mzolium brontidc (!'linT) 

assay. The yellow compound 1'11T is reduced by mitochondrial dchydrogcno.ses to the \\'lllcr· 

insoluble blue compound formtl2.lln, depending on the viability of cells. BV-2 ,vere cultured 

in 96-well plates for 48 hours, and then pretreated for 30 01inulcs ,vilh or 1vilhou1 extn1c1 

(100, 150 and 200 µsfmL) follo1vcd by incub:nion with LPS 100 nsfmL for 24 hours. T11·enty 

microlitres (20 µL) MTI solution (Sigm3) (5 mg/ml) \\OS added 10 each \\ell. Tiie 96 11ell 

plate 1vere incub:1ted for 4 hours 01 37°C in o CO2 -incub3tor. One hundred and eighty 

microliters (180 µL) of medium ,vos removed from each 11ell without disturbing the cell 
clusters and replaced \\ith melhanol/DMSO solution (S0:50). The preparations were mi.xcd 

thoroughly on n plate shnkcr with the cell containing form1W1n crystals. After all of the 
crystals were dissolved, lhe obsorbance was rend at 540 nm with a microplatc reader. 

3.12.3 Dcrcrn1lnntlon of Nitrite production by BV-2 cells 

Quantification of nitrite occumulntion in BV-2cells 11as carried out ns described earlier

(Olnjidc et al .. 2013). Cells ,vere seeded in 96-wcll plates (2>< I O,noo mUwell), cultured for

48 hours, o.nd then incubated 1vilh or without LPS (100 ng/mL) in the absence or presence of

extract (100, JSO, 200 µg/mL) for 24 h. As o parameter of NO S)1ttbesis, nitrite conccnl11ltion

was assessed In the supcmntont of DV-2 cells by the Griess reaction \l'ith o commercially

ovnilable kit (Promcga, Southrunpton, UK). Absorbllnce was measured at 540 nm using a

Tccon PSO microplate reader. Nitrite conccntrotions In the bupcmotants 11crc dctcm1lncd b>

comparison with O sodium nitrite standard curve. E.'tpcrimcnts were performed at knst thm:

• 
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J.12.4 Determination or PGE1

PGE2 production 11-ns carried out as earlier described (Olajidc ti al., 2013). Briefly, culrurcd

BV-2 cells 11'Crc pretreated for 30 min with or 11ithout extract (100, 150, 200 Jtg/mL)

followed by incubation with LPS 100 ng for 24 h.Afic:r the: incub:uion period. supcmatantS

were collected, centrifuged at 1200 rpm for 5min and levels of PGE2 in the medium ,,..en:

measured by enzyme immunoassay (EIA) (Arbor As.s:iys, l\iichigan, USA) according to the

manufacturc(s instructions

J.12.5 Determination or pro-infinmmnlory cytokincs production

BV-2 cells ,,..ere seeded in 96-well plates (2x 10'1200 µL/11-cll), cultured for 48 hours ond

incubated 1vitl1 or ,vithout LPS (I 00 ng{mL) in the absence or presence of excroct (100, 150,

200 µgfmL) for 24 h. TNF-G ond LL-6 conccntrntions in supemalJlnlS ,,-ere oss:iyed ,vith a

commercially nvai.lable ELISA kit (BioLc:gend, UK) according 10 the manufocturc:r's

instruction. Absorbance \\'OS measured in o plate render ot 11 wavelength of 450 nm.

Experiments ,vere perfom1ed at least three times and in 1riplica1e.

3.12.6 Determination or reacth·c oxygen species (ROS) In OV-2 cells 

The effect of LPS on in1rocellular ROS levels in 8V2 cells was pcrfom1cd using the 

fluorescent 2', 7' .<Jichlorofluorcscin diocctn1c (DCfOA)-ccllulor reac1h·c oxygen species 

detection IISS4Y kit (Abcnm). DCFDA is n permanent fluorogenic dye capable of being 

dcacctylau:d into n non fluorescent compound oner diffusion into a cell. ROS of different 

species (O�r. o/· etc) oxidize the dcncctylntcd DCFDA to highly nuon:sccnt DCF. DV2

mieroglio was incub:itcd with 10�1 DCFDA for 30 min ot 37 "C. 1\0er n:movnl of excess

DCFD1\. cells were ,vnshcd ond then prc-treotcd with cxtroc1 (100, 150 and 200 µg/mL) for 

30 min followed by stimulation ,vith I 00 ng/mL LPS for 4 h ot 37 "C. lntrneellulnr production 
of ROS ,vas mensured by the nuorcsccnec detection of dichlorofluorcscein (DCF} as the 
oxidised product of DCFH on o microplotc ru1der witll an excitation wavelength of -185 mn 

nnd emission ,vnvelength of 53S nm. 

3.12.7 lmn111noblottlng 

Following prc-trentmcnt will, qucrcetin, koempfcrol or rut in and slimulation ,vith LPS ( I 00

ng/ I) II I rcp•rcd by wnshlng cells with PBS. follo,1-cd b) addition of ly�is
rn , ce ysntcs were p u 

bulTcr nnd phenylmcthylsulfonyl fluoride (P�ISF). ond centrll\i�atlon for 10 min. ?-:ucle�
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extrocts ivc:rc prepared using EpiSecker Nuclear Extroclion Kil (Abeam), according 10 1he

monufoc1urcr's instruc1ions. Bricny, cells were 1 1oshed with cold PBS. followed by the

addi1ion of 20 µL of pre-cx1raction buffer and incubation on ice for Io min. TherC40c:r. cells 

were centrifuged Ill 12,000 rpm for I min. Supcrnatants were discarded, ond 10 µL of 

extraction bu!Ter wos added to the pellet nnd incubated on ice for 15 min, followed by 

centrifugation ot 13,500 rpm for 15 min at 4 •c. The: resulting nuclear extracts In the 

supcmotonts were collected. 25 µg of protein was subjected to sodium dodecyl sulphate

polyocrylomide (SDS) gel electrophoresis. Proteins were then tronsferrcd to polyvinylidenc 

nuoridc (PVOF) membmncs (Millipore, Bedford, MA, USA) for 2 h, Membranes ,�ere then 

blocked at room tcrnpcrntun: for I h and then Incubated with primary antibodies overnight at 

4 °C. Primary ontibodics used In the expcriments 11·crc robbil onti-lNOS (Sanlo Cruz, I :500), 

robbil anli-COX2 (Snnto Cruz, I :500). Blots were detected 1vith Alexa Fluor 680 goat Mti

rabbit JgO (Life teGhnolog.ics, UK) using the Licor Odyssey Infrared lmogcr. Equal protein 

loading 1vos assessed using robbi1 anti-act in antibody (Sigma, I: I 000), 

3.13 /11-vltro irnmu11omodulo1ory mccbanilms 

3.13.1 Cell Culture (RA \V 264.7 cell) 

RA\V 264.7 cells obtnincd from Amcricon Type Culture Collection (ATCC TIB 71) 1�crc 

cultured in Oulbccco's Modified Essential Medium (DMEM) with 4 mM L-glutaminc and 

4.S g/L glucose (cndotoxin level <0.005 endotoxin U/ml. Bio\Vhlt1okcr. OioproduclS

Heidelberg, Germany) supplemented with I 0% hea1-inactivotcd FBS (Oibco-BRL Life

Technologies). Cells 1vere maintained at 37 •c in 5% col and used for experiments between

pnssoges S and 20. The human cmbl)'Onic kidney cell line 293 (HEK293; DS�lZ-Gcnnan

collection of microorganisms and cell cultures, ACC 305) was sro\\11 in D�-1£\'I

(Bio\Vhittaker, Bioproducts, Heidelberg, Germany) supplemented with toe/4 FCS (B1ochrom

KG, Berlin, Germany) nnd 2 mM glutrunine (r,..tcrck, Munich. Gcrm1111y). Cells \\ere splined

into I: IO when they reached opproximately 85--90 % confluence using O.os,-. trypsin/0.02,.

EDTA in PBS.

3.13.2 ATP 11ssay for cell ,•loblllly 

Viability of RA \V 264.7 cells wus determined by the ATP �> \ TI' plll) \ o ccnu.l role In

energy exchange In blologlcal sy�tcms. ond is present in all mcubolicall) ac1he- cells. Thus.

levels of ATP con be used 10 determine the functional lntcV-1) or ccll1. Celli (2 • 10\mL)
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were cullured for 48 h, and then incubated wiih LPS (IOO ng/mL) or EMOL ror 24 hrs. The
concentnll ion or ATP ,vns measured thro h 1 • • • ug 11 sens 11vc luc1fcnn-lueifcmsc biolumincsccnl 
llSS4Y using a kil (Promega). Aner incuba1ion, I 00 µL of rcconsthutcd substrotc w1i.s nddcd to
the cells. Luminescence ,vas then mcnsurcd in Berthold Lumlnomctcr.

J.13.3 r.tultiplcx ELISA p38, ERKl/2 ond JNK l','IAP kin11scs

lnvcstigotion o f  the c!Tccts or compounds on phosphorylation of p38, ERK In and JNK MAP
l.i1111Scs ,vns carried out as earlier described by Olajidc et o/,, 2013, with slight modifiClltions.
RA \V 264. 7 cells were left unlrcoted or treated ,vith compounds ( 12.S µM of both kncmpferol
and quercetin; and 25 µM of rutin) or LPS (100 ng/mL) for 24 h. At the end of the
stimulation period, cells ,vcrc ,vnshcd wilh cold phosphatcbuffcred saline (PBS) nnd lyscd
11 ilh pre-formulated lysis buffer (Cell Signalling Technologies). Ceil lysntcs ,vcrc subjected 
to PathScans /IIIAP Kinase l\,lulti-Targct Sand11ich ELISA for phospho-p38, phospho
ERK tn and phospho-JNK, oocording to the manufacturer's instructions (Cell Signalling 
Technologies, Inc). Absorb:inee values were mcnsurcd with a pinto rc11der ot 4SO nm. 

3.14 Reverse Phase Fr:ictionntlon 
3.1-1.1 fTPLC-DAD A11nlysls 
Hundred milligram of each fraction ,vas dissolved in SO mL methanol for lfPLC-DAO 
annlysis. 11,c scn1i-prcpnmtive reversed-phase I IPLC analysis ,vns carried out on an Agilent 
1260 Preparative I !PLC system consisting o f  II prcpnrntivc pump, degnsscr, ou10S11mplcr and 
Diode Arrny Detector (DAO). Analyses of the srunplcs (F20, FSO, FSO, FIOO) \1-Crc 

conducted using o scmi-prcparntlve revcrscd-ph11Sc column, ACE 10 Cl 8-HL column (ISO x

10 mm, 10 µm; lllchrom Ltd) ,vilh o CIS guard column ACE3310I IOGD (10 x 10 mm. 10
µm, Hichrom Ltd). The mobile phase consisted of Solvent A {0.1% v/v TFA in \later) and

Solvent B (0.1% v/v ofTFA in McOH) 01 a flow rate of 3.00 mUmin. Gradient elution "ll.S

cmplo)ed slatting at 30% o for 3 min, 30¾. IOOo/, B for 30 min, isocrotic 100,,. D for 10

min, and finally I 00% • 30% B for 2 min. At the end of this sequence, the column \\ll.S

equilibrated under the initial conditions for 2 min. The s.unplc injection volume "'I.S 100 µL

and the DAD detector was set 10 scan fiom 200 nm 10 400 nm. Dom ,,-ere analyz� U3lna lhc

OpcnLAO Chromatography 03to Systcn1. ;\ccording to the pcili on the- chrom.110.:IUIJI. 1-10

"'�- " h prcp-1 IPLC rc""otcdl) under lhc W\lC t'Ond11ions to ) iek!
�IQ ,urt er subjected to ,.. 
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were cultured for 48 h, nnd then incub-ited with LPS ( I 00 ng/mL) or E�IOL for 24 hrs. The
conccnirotion or ATP was 1neasurcd throu h · i • . 8 n scns11 vc luc1fcrm-luclfcmsc bloluminesccnl 
IISs:I)' using O kit (Promcgn). Aflcr incubation, 100 11L or recons1i1u1ed substnitc w1is nddcd to
the cells. Luminescence wos then mcosured in Berthold Luminomctcr.

3.13.J l\lultiplcx ELISA p38, ERKJ/2 and JNK r.tAP klniucs 
Investiga tion or the e!Tects or compounds on phosphorylation of p38, ERKl/2 ond JNK MAP 
kinnscs ,vos cnrricd out OS cnrllcr described by Olnjlde et al,, 2013, ,vith slight modificntions. 
RA \\1 264. 7 cells were lcfl untrcotcd or treated whh compounds ( 12.S µt.-1 of both lulempfcrol 
and qucrcetin; and 25 µM of rutin) or LPS (100 ng/mL) for 24 h. At the end of the 
stimulation period, cells \\'ere woshcd with cold phosphatebu!fered snline (PBS) and lyscd 
with prc-fonnulntcd lysis bulTer (Cell Signalling Technologies). Cell lysates were subjected 
to PothScnns MAP KinQSe Muhi-Tnrgct Sandwich ELISA for phospho-p38, phospho
ERK 112 nnd phospho-JNK, according to the manufacturer's instructions (Cell Signalling 
Technologies. Inc). Absorbancc values were measured with n plotc reader ot 450 nm. 

3.1<1 Reverse Phnsc Frnclionallon 
3.14.1 ffPLC-DAD Annlysls 
Hundred milligrnm of ench fraction 11-as dissolved in SO mt. methanol for HPLC-DAD 

analysis. The semi-prep;irotil•e reversed-phase HPLC analysis wns cnrried out on an Agilent 
1260 Prcparntive HPLC system consisting of o prcpnrotivc pump, dcgo.sscr. outosnmplcr nnd 

Diode Array Detector (DAD). Analyses of the samples (F20, F50, F80, FIOO) 11crc 

conducted using o scmi-prcporotive reversed-phase column, ACE 10 CIS-HL column (ISO x

10 mm, 10 µm; Hichrom Ltd) with D CIS gunrd column ACE3310l l0GD (10" 10 mm. 10

µm, Hichrom Ltd). The mobile phase consisted of Sol,·ent A (0.1% ,,tv TFA in \\lltcr) Gild

Solvent O (0.1% v/v ofTFA in McOH) 111 o flow rote ofJ.00 ml/min. Gradient elution 11us

employed starting 01 30% o for J min. JO%. 100% B for 30 min, lsocrotic I�• B for 10

min, nnd finnlly I 00% • 30o/o o for 2 min. At the end of this sequence:, the column "ll.S

equilibrated under the initiol conditions for 2 min. The s:unplc: injection ,-olume "'IS 100 µL

and the DAD detector ,,..05 set 10 scnn from 200 run 10 400 nm. D3ta 11-crc onal�tcd usln1 the

{)penl.J\B Chromatography O,un System. According 10 the JICJIU on the tluomatop,un. r.?O

\\11 funhcr subjected to prep-I IPLC rcpc:ucdl) under the S3111C condition., to )iclJ
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isoquercetin (mg). The isolau:d pure compound wns idcni·,licd by . th • d comp.inng c,r proton 1111 

cnrbon nucleor magnetic resonance (1H ond "c NMR) and MS whh rcponcd data.

3.15 T-cell lmn1unomodul:11ory mcchani5ms
J.IS.I Cell Cullure (Jurkllt cell)
TI1c leukemic T cell line Jurkot E6. I ,vns pun:hn.scd from American Type Culture Collection
(fl0-152) .  Culture medium for oil cell \IDS RPMI 1640 (Medlatech, Herndon, VA),
containing 10% FBS (Atlanlll Biologicals, Norcross, GA), 50 U/mL each of penicillin and
strtptomycln (Life Technologies, Grand lsl1111d, NY), ond 20 mM glulllmine (Life 
Te<hnologies). 

3.15.2 Trypnn blue cell exclusion assay 
On the day of cxperimenl the cells were counted and plated 01 I 00.000 cells/well in o 96 well 
p)l!lc. 0.8 µL of vehicle DMSO and prep.ired conccntn11ion of cxlnlct in OMSO ,,ere added
such that the concentration of 0�1S0 does not exceed O.<lo/o of medium. The experiment \\'45

carefully planned ,vith 10 minutes bel\veen each treatment to allow for counting using tryp;lll
blue exclusion dye on the microscope. The numbers of dead (dark blue stained) and viable
(non stained) cells i n  the grids ofhemocytometer were recorded under an optical microscope
(IOOx magnification; Olympus, Tokyo, Japnn). The death r.itc Jurkat cells at the difTercnt
concentrations ,verc calculoted ns follows: cell death rate .. dead cell count/ (dead cell count
+ viable cell count) 1< I 00%.

3.1S.3 Antibody (Abs) nnd cbcmlc11ls 
An11-C03 (OKT3), onti-COl lo (HB202), ond 1111ti-C054 (R6.SD6) were purchased from 
American Type Culture Collection �lonassos. VA) and purified from scrum-free h}bridom11 
culture medium using protein G-Scphorosc. Tryp.in blue. CFSE was purchased from 
Molecular Probes (Eugene, OR). Annc:<in V-phycocrythrin \\'IS purchll.S(d from PhMm�n.
7AAD, CCR? 

3·15.4 CFSE Allny
s-1n-.1 d I nim free RP�tl contained f"alcon 1\1� \\Cit',..... "'" amount of cells rcsuspcnde n � 
1.L_ • II h I rncd l'lfl The tut'tt' \\'I.\ \\rll'f'N In'4111:)ed With 2.S JtM csrn In the hooJ \\Ith th� g t u 
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isoqucrcetin (mg). The isolated pure compound was Ide ,·r, d b . . n I ic > oompnrmg their proton ond
corbon nuclear magnetic rcsonnnce ('H nnd Ile N'1R) d MS 'th " nn w1 reponcd daUL

3.15 T-cell imn1unon1odul11tory mechanisms 

J.15.I Cell Culture (Jurkllt cell)

1ltc leukemic T cell line Jurkot E6. I Wll.S purcha.scd from American Type Culture Collec1ion

(TI0-152). Culture medium for all cell was RPMI 1640 (!liledintech, Herndon, VA),

conlllining 10¾ FBS (Atlanta Biologicals, Norcross, GA), SO U/ml each of pcnicillin nnd

strcpiomycin (Life Technologies, Grand Island, NY), and 20 mM glu111minc (Life 

Technologies). 

J.15.2 Tryp11n blue cell exclusion assay

On the day of experiment the cells wen: counted and plated ot 100,000 cclls/\1cll in o 96 11cll 

pla1c. 0.8 µL of vehicle DMSO and prcp;!fed conccntrolion of cxUDct in DMSO 11crc added 

such that lhc concentrntion of DMSO docs not exceed 0.4% of medium. The cxpcrimenl wll.S 

carefully plnnncd with IO minutes between ca.ch tn::llment to allow for counting using tryp:in 

blue exclusion dye on the microscope. The numbers of dead (darlc blue stained) and viable 

(non stoined) cells in the grids ofhemoc)1omeler 1verc recorded under an oplkal microscope 

(100� magnification; Olympus, Tok;o, Japan). The death rnle Jurkllt cells at the di!Tcrcnt 

concentrations 1vcrc oolculoted ns follows: cell death rote = dead cell counl/ (dead cell count 
+ viable cell count) x I 00¾.

3.IS.3 Antibody (Abs) ond chemicals
Anti-CDJ (OKTJ), onli-CDI lo  (HB202), and anii-CD54 (R6.SD6) 1ven: purchased from
American Type Culture Collection �lonassas, VA) and purified from serum-free hybridom11
culture medium using protein G-Scphnrose. Tryp;in blue. CFSE was purchased from 

Molecular Probes (Eugene, OR). Anncxin V-phycocrythrin 11'11.S p�hl\SCd from PI\Anningen. 
7AAD,CCR7 

J.Js.4 CFS£ Auny
Spcctn d d d I scrum free RP�II con1.alMJ Falcon tubl-s 'l\Crt

t amount or cells rcsu�pcn c n 
1.L � 1 h cd off Tot 1u� 11 a., \\ r1f'r(J In
-1Cd With 2.5 µM csrc In the hood \\ ith tho I 8 1 lUffl 
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aluminium foil and cells were allowed to absorb stain fo bo 15 • r a ut minutes at the incubator nt 
rrc :ind 5% CO2. Equal volume of complete RP�11 \\•• odd d bcli . cd ll · ..., c ore stom cc s were
resuspended in fresh complete RPt.-11 and plated 111 100 000 II 11 · h th l"gh fT., cc S per we Wll e I I O •The vehicle and extract \VOS then oddcd and placed in the incubator 01 37"C and 5% CQi. At
the time points (dny I, 4, and 7) the cells were collected woshed twice with ice cold PDS and
resuspended in 100 µL IX Anncxin V bulTer running on the Accurrl.

3.1S,S Annexin V 
Al the time points (dny I. 4, and 7), cells were collected wnshed twice with lee cold PBS and 
sialncd for 15 n1inutes in the dork al room tcmpcn11ure with I µI Annexin V In 99 µI of IX 
Anncxin V buffer. 1110 cc Us were resuspended in I 00 µJ IX Annexin V buffer before running 
on Accurri. 

3.15.6 7AAD 

At the time points {day I, 4, and 7), cells were collected and woshed twice with ice cold PBS

and slllined for I Sminutes in the dork at room tcmpeniture whh 5 µJ 7 MD in 95 µJ of 1 X 
Annexin V bufTer. The cells were resuspended in I 00 µI IX Anncxin V buffer before running 
on Aceurri. 

3.15.7 CCR7 assay 
Al the time points (day I ,  4, and 7), cells were collected and washed twice with lee cold PBS

and stained for I 5 minutes in the dork at room tempcratun: with 1.5 µI Anne�n V in 98.5 µI 
or IX Annexin v buffer. The cells were resuspended in 100 µl IX Annexin V buffer before 
running on Accurri. 

J.IS,8 Flo1v Cyton1clry 
Flow C}1omctry \VOS performed using nn Accun C6 (Accuri C)1omctcrs. Ann Arbor. �ti).

03111 analysis ,vos performed using CFlow (Accuri) sofh,·ore. Doi plots and histognun 
tq>rcscnting 10,000 cells/event \\Crc prcpon:d and an�l)'ZCd,

3•16 StntlJlical Analysis 
�. fl rut \'Crsion S 00 and \ltte t'X� IS'"''"' were t1ru1lyscd using Graph Pod Prism so \I · 

llltin :t S,E.M (stnndord error of mc:sn). Stotistlcnl an:il) ils of d.lt.a \\&S camcJ out u.1lna ont
ri l,tl\ll"t'n pour P•l"lhl<', le'$, UWl �Y ANO VA, follo,vcd by Dun net tc�l for comp., '°" 
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aluminium foil ond cells were allowed 10 absorb stain lior Dbo 1 1 S • h . b u minutes DI t c mcu Dtor 111

3rc Md So/o CO2. Equal volume of complete RP�11 ,1,, .. add d be"- · d 11 ..., e ,ore stoinc cc s were
resuspended in fresh complclc RPMI 1111d plated nt 100,000 cells per ,,ell with the light off.The vehicle ond exlracl was then added and placed in the incubator 01 3-,.c and 5% COJ. At
the time poinlS (dny I, 4, nod 7) lhe cells \\Crc collcclcd ,1nshed twice �ith ice cold POS ond
resuspended i n  100 µL IX Anncxin V buffer running on the Accurri.

J.JS.5 1\nnexin V
Al the time points (dny I, 4, and 7), cells were colleclcd washed twice 11ith Ice cold PBS ond 
Sllllned for IS minu1cs in lhc dark nl room lcmpcroture with I µI Annex in V In 99 111 of IX 
Anncxin V bulTcr. TI1c cells ,vere resuspended in 100 µI IX Anncxin V buffer before running 
on Accurri. 

3.IS.6 7,\AD
At the time poinlS (day I, 4, ond 7), cells were collected ond washed l\vicc with ice cold ros
nnd stnined for ISminutcs in the dork ol room temperature with S 1tl 7,\AD in 95 µJ of IX
Anncxin V bulTcr. TI1c cells were resuspended in 100 µI IX Annexin V buffer before running
on Accurri.

J.IS.7 CCR7 nssny

At the time points (dny 1. 11, and 7), cells ,,ere collected :ind washed twice with ice cold POS 
and s111ined for IS  minutes in the dork DI room temperature,, Ith 1.5 µl Anncxin V in 98.S JU 
of IX Annexin v bulTcr. The cells were resuspended in 100 µI IX Anncxin V bulTer before 
running on Accurri. 

3.15.8 Flow Cylomclry 
Ftowcytomccry ,va.s pcrfonned using on Accuri C6 (Accun C)10metcrs.. AM Arbor. �II).
DJ14 analysis was performed using CFlow (Accuri) sofi\lare. Dot plolS and histogram
ltprcsenting 10,000 cells/event were prcporcd ond analyzed

3•16 Stnlislicnl Analysis 
h.._ 0 version S 00 and were C\�� &S
"'Ii were analysed using Graph Pod Prism so ,,arc • 

, . 
I I is of d:J� \\ u cASned l.lllt t.Utni � mean :t S,E.M (standard error of mean). Sllllisclu ana )) 

YI ri t,cn1ttn ,rour• r,,1lur1 lrss INJ\1>" ANOVA, followed b>· Oun nee rest for cornp., '°" 
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O
.OS (p<0,05) were considered to be statistically significant. OpenLAB Chromorogniphy Dato

System was used to analyse dnro from the HPLC. Flow cyromcrry 00111 were an11lysed using
Flow Accurri sonwnre. 
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CHAPTER FOUR 

RESULTS 

4.1 Preliminary phytochcmlcal screening 

Rcsuhs of the preliminary phytochcmicol screening revealed the pn:sence of sop onins, 

condensed 111nnins, cnrdiac glycosidc, free nnthraquinoncs, and coumnrins. 

Table 4.1: E,•nluntion ofsccorulnry mctabolltcs present in E�IOL 

Ph)10chcmlculs Result 

Alkaloids 

Saponins +t+

Condensed TMnins +++ 

Free Anthmquinones 
+-++ 

Combined Anlhraquinones 
+ 

Cardiac Glycosides 
+++ 

Cyanogcnic Glycosidcs 
-

Coumarins 
++ 

+++•abundant, ++ • present, + • tmcc, • • absent
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4,2 Acute Toxicity Test 

Aculo io:dcily studies gove the LD,o>5000 mg/Kg foroml rouic.

4.J NEUROPHAru\lACOLOGICAL EFFECTS OF ETH,\NOL EXTRACT OF

Aloringa olelfcra LEAVES

tJ.I No,·clty Induced Dehn,•ior (NTO) 

111c effect of ethanol extrnct of i\lori,,ga o/elftra leaves (EMOL) on NIO is prcscnicd in

figure 4. I, Administration of crude cxlroc1 of c1hnnol cx1roc1 of ,\foringa olaifora ICll\CS (250-

2000 mg/Kg. p.o.) showed n signHi0nnt n:duc1ion (F (5, 24) • 382; P < 0.000 I J in n::iring

11hcn compared to control that received Tween 80. Tn:otmcnt with EMOL resulted in o 

rtduc1ion [F (S, 23) • 382; P < 0.0001) of grooming relative 10 eon1rol mice. The most

pronounced e01:ct was 01 2000 mg/Kg which rcsullcd in 40.80 ± 6.54 and 13.80 ± 1.32 for 

renting nod grooming respectively (figure: 4.1). 
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2 ,\cule Toxicity Test 4. 

Acute toxicity studies gave the LDlO >5000 mg.ll(g for ornl route,

�.J NEUROPl:li\JThlACOLOGICAL EFFECTS OF ETHANOL �TRACT OF
!,/oringa olcifcra LE,\ YES 

�.J.I Nol'clty Induced Bchnvior (NTD) 

The effect of clhnnol extract of Alori11ga o/elfera leaves (EMOL) on NIB is presented in 

figure 4.1. Administration of crude extract of ethanol cx1roct of 1\lorf11ga olclfcra ICll\'CS (2S0-

2000 mg/Kg, p.o.) showed n significant reduction [F (5, 24) • 382; P < 0.0001) in rcaring 

when compnrcd to control that received Tween 80. Treatment with El\lOL resulted in a 

reduction [F (5, 23) • 382: r < 0.000 I) of grooming relative 10 control mice. The most 

pronounced eflcct was at 2000 mg/Kg which resulted in 40.80 ¼ 6.54 and 13.80 ± 1.32 for 

rearing and grooming respectively (Figure: 4.1). 
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Figure 4.1: The err eel or the ethanol c:rrmcl or 1\lorl11gn oltlftra lc11,·cs on oo,·tlly

1nd0ccd rearing nnd grooming in open field ICSI.

Bars rcprcscn1 mean values ,virh s14lldnrd error bars.
One way ANOVA follo\\'cd by Dunncr's muhiple comp:irison rcsL

'p < O.OS, indicate slgnificonl difference from conrrol (,chicle)

DZP: DillUpnm (3 mg/Kg)
VEU: S% T,,ccn 80 (IO m 11Kg)
DilOL. Cthonol cxtmct of 1\forl11Rfl af,/foro lrll''t� 
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tJ.l Locomotion In open field test 

The clfecl of EMOL on locomoiion in open field icst is prcscnied in figure 4.2.
Adminisirotion of ethanol exirnct of A,/orfngo ole/ftro lcnves (250-2000 mg/Kg. p.o.) showed
3 

slgnilicanl reduction [F (S, 24) = 87; P < 0.000 I] in locomoiion in lhe open field when
compartd to control mice. The most pronounced cffcc1 w1is at 1000 mg/Kg which resulted in
8 loiicr locomotion (27.60 :1: 4.93) when comp.ired 10 tween 80 trClllcd control mice.
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Figure -1.2: The elTecl of lhc elhnnol cxrracl or f.fori11ga oltifcra lcnvcs on locomorion 

hfba,•ior In open fleltl 1es1. 

&rs represent mean values with error bars. 

One wny AN OVA followed by Dunnc:t 's multiple comparison rest. 

'P < 0.05, indicate significant difference from conuol (vehicle). 

DZP: Dinzcpam (3 ,ng/Kg)

Yl!I-I: 5% Tween 80 (IO 11111Kg)

E.\IOL: Ethanol extract of Aforfnga olcifera le:wcs 
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�.JJ Esplorolory uclivily In hole board 1cs1:

The odminis11t11ion of ethanol extract of A/oringa olcifero leaves (250-2000 mg/Kg. p.o)

shoiicd o signilicanl reduction lF (S, 24) • 49; P < 0.0017] in number of he.id dips on Ilic

hole t,oard when com pored to T,vccn 80 in mice. Al doses of 250, 500 ond I 000 mg/Kg,

ethanol extract of }.forfnga olcifern slightly decreased the number of head dip responses

giving values 10 the tune of 17.00 ± 2.65, comp:im! lo a value of 30.20 ± 2.62 for T\\een 80.

Diuc:pnm (3 mg/Kg, p.o) also decn:nscd the number of head dip responses, giving a value of

!4.40 :1: 2.42. Tho crrccl of the extract al 2000 mg/Kg was higher when comp;ircd 10

di11Zep:un 01 J 1ng/Kg (Figure: 4.3).
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Figure 4.3: Tbc effccl or tbc clhnnol cxtrncl or ftlori11,:a oltlfcra lcn\'CS on exploratory 

aclivlly in hole bonr<.I lcsl. 

Blll'S represent mean values ,vi1h error bnrs.

One way ANO VA followed by Dunncl's muhiple comparison 1cs1. 

'P <0.05, indicate significant difTen:nce from control (vehicle). 

DZP: Dinzcpam (3 mg/Kg)

VEH: 5% Tween 80 (IO ml.JKg)

EMOL: Ethanol cxll'llcl of ftforingn oltifero 
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tJ.4 Learning 11nll memory mc11surc!.1 by y mnzc
The administrntion of ethanol cxtruct of 1\fori11ga ole(fera leaves (2S0-2000 mg/Kg. p.o)
s11owcd o slight decrease [F (S, 24) • 4.979; P = 0.0029) in number of onn entries in Y-mozc
,,hen compared to T1veen 80 in mice. The cxtroc1 (2S0-2000 mg/Kg) showed a signincontlncrcllSO in% ollcmotion 01 250 ond 2000 mg/Kg (F (.S, 2il) • 32.52; p < 0.0001]. Diozepom
mt 3 myl<g signiOCllntly dccrcnscd and EMOL 01 2.SO and 2000 mg/Kg signiOcnntly
incrcascd the pcrcentogc nltcmotion. The effect of lhc cxtrocl 01 2S0 and 2000 mg/Kg 11os
grtJlcr than the cOcct of dinzcpam (3 mg/Kg). Highest % ohcmaiion was 8.S.00 :t 4.07 01
2000 my!<g (Figure: 4.il). 
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Figure 4.-1: The eITect or the cthnnol cxtrncr or ftforh,ga oleifcra leaves on learning 110d 
lhtrnory in mice(% nllcrnnlion and arm cnrrlcs) 
Bvs rtpresent mean values \\•ilh error bnrs. 
One "11Y ANOVA follo,vcd by Dunncr's mulriple comp3rison test.
' P < 0.0s, indicate significant di rrcrcnce from dlaz.cJWII,

' p < O.OS, indiClltc significant difference from control (vehicle).

DZP· o· • 1azcp;1m (3 n1g/Kg)
VEt I: S% Tween 80 (Io m UKg)
E.,-fOL • E · tlu1nol cxlnlct of Aforingo olelfaro ,��cs 

79 

• 

, 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



,1,J.S Anxiety measured by Elc, atcd Plus f\lau (EPi\l)

The c.�racl significantly [ F(5,24) = 280, p<0.0001) dterc.istd the time spent in open ann nt

2.50 ms/KS, and I mg/Kg dinzepnm Produced n significant increase in time spent in open

arm, Oi11Zepam (I mg/Kg) significantly [F (5, 24) = 191.7, p<0.0001) decreased 1ime spent in
open ,,hile EMOL nt 2000 mg/Kg significantly Jnc:renscd time spent in close nnn (Figure:

4.s). The eITect of the exlrnct ot rested dose 1vos almost the opposite when compared to that

of dinzcpan1 (I mg/Kg). 
The odrninistrntion of extract (250-2000 mg/Kg) significantly IF (5, 24) • 69.26, p<0.000 I J

lncrcMcd number of entries into close nnn, but it ll'llS dccrc05ed by di112epam. Also, I mg/Kg 
dinzc�m significantly rr-(5,24) • 192.6, p<0.000 I) incn:QSCd the number or open nnn 

entries (Figure: 4.6n). 
The administration of c:xlroct incrc:nscd the index of open onn avoidance, while I mg/Kg 
dhucpam significantly reduced rite index avoidance of open nnn (Figure 4.6b) 
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Figure 4.S: The effect or the cfhnnol e.rtroct or 1\1orl11go oltlftro lca,4:$ on lhc clc\11tcd
plaJ mazc (time spent In open onll close arm) 
Oar, re prcscn1 mean values ,vilh error bars. 
One way ANOVA follo,ved by Ounnel's multiple comp:irison lest.

'p < 0,05, lndica1e significant difference from control (,chicle).

DZP: Diiilep.im (3 mg/Kg)
\'ttt. S% T,,een 80 (IO mUKg)
l.\foL: F.chanol C'dlOCI or ,\lorl11go olclf�ro ICllVCS
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Figure 4.6n: The effect or the cthnnol cxtrnct of !,forlnga oleiftra leaves on cle,ntc<l plus

m:ue (arm entries) 
Don represent mean values with error bnrs. 
One way i\NOVA followed by Ounnct's multiple comparison test.

'P<o.os, indicate significant difference from control (vehicle).
DZP: Dilllcl)llm (3 mg/Kg)
Yrff: 5¾ Tween 80 (IO mUKg) 
EAiOL. Ethanol ex1mct of 1,/orlugn olc{fern IC\l\ cs
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Figure ,t6b: Tbe elTcct of the etbnnol ext met of 1\lorl11ga olelfera len\'CS on lnde.x of open 

arn, ovoh.lonce in chi,•n1cd plus mn1.e 

0:1rs represent menn Vlllues of index of open arm avoidance: (IOAA). 

One ,vay ANOVA followed b} Dunnc1's mulliplc comparison lcsL 

' P < O.OS, indiaite signilicnnl diffcn:ncc from conlrol (,chicle). 

DZP: Diaupam (3 mg/Kg) 

YEH: S% T,,ecn 80 (10 mUKg) 

E�IOL: Ethanol c;,,.ll'DCI of /.1oringn o/clfcra 
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.CJ.6 Pcn1ob11rbi1onc-induccd sleeping lln1c: 

The cxtrocl (250-2000 mg/Kg) showed a significan1 dosc-depcndcnl reduction [f' (5. 24) -

0.19; P < 0.000 I J in sleep latency by pcnlobarbilono. EITcc1 of !he extrncl on lo1cncy 10 sleep

at 2000 1ng/Kg ( I .40 :!: 0.22) wns comparable to diazcpam J mg/Kg (0.81 :!: 0.28) (Figure:

4. 7). Sleep duration also sho,vcd o significant dose dcpcndcn1 lncrcosc ( F (5, 20) • 266; P < 

O.OOOIJ. The durn1ion of sleep for 2000 mg/Kg of cx1111ct ond dinzcpam 3mg/Kg ,,ere

159±32 and 185*12 respectively {Figure: 4.8) 
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Figure 4.7: The effect or the eth:1nol extract of 1\lori11ga oleifera ll'll\0

CS on sleep latency 

In pentobnrbltone sleep test. 

Dnrs rcp�ent mean values with error bJn. 

One wny ANOVA followed by Dunnct's multiple com�son tcsL

• P < O.OS, indicate signilicanl difference from control (vehicle}.

DZP: Diazcpam (3 mg/Kg)

VEIi: S¾ T\vccn 80 (10 mUKg)

e�IOL: Elhonol c>.trocl of 1\lori11ga oleiftra leaves 

ss 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



200 

C 150 
·-

\., -

::::, C 
o :E 100
a.
a, 

en 50 

0 

VEH 250 500 1000 

EM OL(mg/Kg,p.o.) 

Figure 4.8: The errcct or the ctbnool extrnct of 1\forl11ga oltlfera ll':l\'CS on sleep tlurntlon 

In pcntobnrbitooo sleep test.

BIUS represent mean values with error boJs. 

One way ANOVA follo,ved by Ounncl's multiple compnrison tcsL 

• P < 0.05, indicate significnnt dilfcrcncc from control {vehicle).

DZP: Di3zcp3m (3 mg/Kg)

VEIi: S% Tween 80 (10 ml/Kg) 

EMOL: Ethnnol extr11c1 of J.forl11ga 0/11/faro leaves 
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.a • .a NEUROPROTECTIVE EFFECT OF 1\for/11ga olt/ftra IN CH.EMJCALINDUCED CONVULSION 

.a .. tl rcntylcnctctn1zolc-inducctl convulsion:
1l1c extroct (250-2000 n1g/Kg) produced a dose-dependent protctlion (survival) aflcr 24
hours. 70% protection '''llS recorded 24 hours ofler PTZ odminisuntion. This Is compnmblc
\\ilh 100% for phenoborbitonc {Tobie: 4.2)

TABLE 4.2: Effccl of clbnuol extrncl or Afllr/11ga olc/ft!ra lcA\'CS on pcntylenclelra:rok 
Induced seizure. 

Trcotmcn1 Dose mg/Kg 24hrs sun•lvnl % 

T,vccn 80 10 mUKg 0/10 -

E.tvlOL soo VIO 20 
EI\-IOL 1000 S/10 so 

EI\-IOL 2000 7/10 10• 

Pbcnobnrbitonc 40 10/10 100• 

Results nrc expressed os percentage protcclion of ethanol extract of ldorl11gn olelfern lea Yes 
in Prl induced conYulsion 
Test ofsignilicancc ,vos carried out using Chi square. 
• Indicate significant difference from control P < 0.000 l (Chi squore).
El\10L = ethanol extract of 1\for/11gn o/elfarn leaves; Control mice received Tween 80, n ..
10 mice per group
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4.4.2 Strychnine-induced convulsion 

The exuuct did not protect mice ogoinst strychninc-inductd convulsion

T ADLE 4.3: Effect or  ethanol cttrnct or 1llori11ga olelfera lcRvts on strychnine-Induced
seizure. 

Trcnllncnt Dose mg/kg 2�hrs survlvol % 

Tween 80 I Om I/kg 0/10 • 

EMOL soo 0/10 . 

E�10L 1000 0/10 . 

EMOL 2000 0110 . 

-

Phcnoborbilonc 40 10/10 100 

Rcsulls ore cxpn:sscd as percentage protection or ethanol cx1rac1 or /.1orl11ga olelfera lca,·cs 

in strychnine-induced convulsion 

Test or signilicancc \\'QS carried out using Chi squnre. 

BIOL• ethanol cxtrnct or ,\forlnga, o/clfera lenvcs; Control mice received T,vccn 80, n • 

10 mice per group 
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4.4.J Picrolox.in-i.nducec.l convulsion 

The cx1r0ct did not protect mice agninst picrotoxin-induced convulsion

TABLE .$A: Effect of cthnnol extract or ftlorluga oleffera lco,u on plcrotoxln-lnduccd
,cizurc. 

Trcot,ncnt Dose mg/kg 24hrs Sur\•lvol % 

Tween 80 IOmlfkg 0110 • 

E�IOL 2 soo -0/10 • 

Et.10L 3 1000 0/10 . 

EtvlOL 4 2000 0110 . 

- -Phcnob:ubitone 40 10110 100 

Results ore expressed ns pcrccntogc protection of cthonol extract of kforl11ga oft/fern lwves 

in picrotoxin-induccd convulsion 

Test of significance wos c.arricd 0111 using Chi squ11rc. 

Et>IOL • ethanol ex1rnc1 of /.forlngo o/elfern leaves; Control mice received T,,ccn 80, n • 

10 mice per group 
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4.5 EFFECT OF TUE ETHANOL LE1\F EXTRACf OF Alorlnga olelfera ON LPS 

INDUCED COGNITIVE DEFICIT IN l\11CE 

4.5.1 Lcnrning nnd mcn1ory n1c11surtd by Y n1nic In mice 

Tho ndministrotion of ctl1onol c�lnlct of 1\/orll,gll oltlforn leaves ( I 00 • 400 mg/Kg, p.o.) 

showed n signilicnnt increase in% oltcmotion (F (4, 29) • 12.60; P < 0.0001] in LPS induced 

cognitive deficit. Cognitive dcfieh 1vos reduced on treatment with LPS ( I 00 ng/mL; 49. 13± 

t.23) olonc. The hichcst % nllcmntion wos nt 400 1ng/Kg (64.25 :t 4.47) (Figure 4.9). 
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Figure �.9: Effecls or crude ext met of ilforl11ga olt!i/tra on spotinl memory in mice. 

�-lice \\Crc prc1rcn1ed (p.o.) with cilhcr extract or solinc for 7 days follo\\cd by daily i.p. LPS

(2S0 µg/Kg) or saline (IO 11111Kg) for llllOlhcr 7 days. The Y-mue tesl \\115 performed 24hr

ofter hist odminis1rotion. Vnlucs "ere presented os me.in± S.E.M (n�6).

One way ANOV A followed by Ounnet's muhiplc comparison lesL

• P < 0.0S, indic:i1c significant difference from LPS only

a.tOL: Ethanol cxtrocl of i\lori11go olciftro leaves
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.C.5.l Cognith•c n1cmory mcnsurcd by no\·elty object recognition test in n,icc

The adminlstrorion of crho.nol cxrracr of Aforl11go olcffcro lc.ivcs (100 - 400 mg/Kg, p.o) 

sJ,owed an increase rime spent exploring rhc nO\CI object introduced aficr lhc lJ'Olnlng session

(P (4, 29) .. 1.398; P • 0.2635]. 111c increase in  rime spent exploring 1hc novel objccl ,vns nor 

514risricolly signilicnnt. Adn1inistration of 400 mg/Kg (3.682:1: 3.385) showed rhc longest

duration (Figure 4.10). 
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Figure 4.10: Errecl or crude cxcracl of 1\lorl11gu oltifcra on LI'S-Induced cognitive

memory In mice. 
�lice were prccrc.iccd (p.o.) ,vilh cilhcr cxcrocc or saline for 7 days follo\\cd by daily l.p. LPS

(250 µg/Kg) or saline (10 ml/Kg) for another 7 days. The OO\'CI object recognition tcsl \\11.S

pcrfonncd 24hr aOcr IMI administration. Values were presented BS mean * S.E.l'o1 (n 6).

One way A NOVA followed by Ounnct's multiple comparison tcsL 

• P < 0.0S, indicate significant dllTcrcncc from LPS onl).

E.\fOL: Ethanol cxltllct of Ji.loringa oltifara lcnvcs
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,.6 M'TINEUROINFLML\IATORY EFFECT OF THE ETiir\NOL EXTRACT 

OF !,forll1ga o/elfera ON LrS fNDUCED NEUROINFLAJ\.�1ATION IN

�llCROGLIA CELLS 

.&.6.1 Vinbilily or microglin cell, 

The toxicity orEMOL (100, 150 nnd 200 µglmL) on BV2 cell \liability ,vas tested using the 
�ITT os.sny. Result showed that LPS alone and in combination ,vith vnrious concentrations of 

ethanol extract of Afori11gn oleifern did not nffcct the \liability of BV2 (Figure 4.11}. There 
\l'llS no signiOcnnt difference in the viability or cells s1imulo1cd ,vith LPS ( 100 ng/mL) in the 

presence or nbsence of EMOL ond control cells which did not rccci\'ed neither LPS nor 

Et.lOL. 
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0 
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BIOL �glmL • 

+ + + + 
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Figure·'-11 Vlnbillty of mlcroglin ccll.s. 

l!J Negati� control 

1::3 LPSon� 

13 100 µg/rri. EMOL 

[IID 150 µg/rrL EMOL 

WJ 200 µg/rri. EMOL 

Cells "ere stimulated wilh LPS (100 ng/ml) in the prcsc:nec or absence of l!�IOL for 24 

hours. At the end of the incubation period t.lTT IISSnY was carried out All \'lllucs "ere

expressed as mean± SEM for three independent experiments. Dalli were an1llyscd using one 

way ANOVA for multiple comparison and post hoc Student Ncwmnn-Kculs test. 
• 
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.t.6.2 Inhibition of NO production in LPS stimullllcd OV-2 cells

LPS alone induced o morkcd production or NO from OV-2 cells when comporcd 10 the

unstimulated control. EMOL ( I 50 nnd 200 µg/mL) slgnlfic.intly [P (4, 14) • I S.09; p •

0.0003) inhibited the level of NO production from LPS stimulated cells (Plgurc 4.12).
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Figure 4.12: Inhibition or NO producllon In LPS sllmulntcd OV-2 cclb 

All ,•alucs were expressed os me.in ±SEIVI for three independent experiments. Daill were 

wlyscd using one ,vny ANOVA for multiple comparison nnd post hoc Student Ncwman

Kculs test. •=significant ot p < 0.05 when compnrc:d with LPS only. 
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6 3 (ohibilio n or PGE1 production in  LPS slimul:attd OV-2 cells,I, • 
LPS olone induced n mnrkcd production of PGE2 from BV-2 cells in compnrison to the 

unstimulated control. Ho,vcvcr, E�IOL (100, ISO and 200 µg.fmL) dose dependently and

signi tiCGJltly ("p < 0.05) inhibited the level of PGE1 production from LPS stimulntcd cells

(Figure 4.13). 
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Figure 4.13: Inhibition or PGE, production In LPS-stimulalcd DV-lmicroglia. 
All vnlucs ,vcrc expressed ns mean :1:SEM ror three independent expcrimenlS. Ont11 were 

nnnlysed using one ,voy Ai'IOVA ror multiple comp:1rison and post hoc Student Ncwman

Kculs test. • ., significant 111 p < O.OS when compill'Cd with LPS only.
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,1.6..t Production orTNF-u and lL-6 in LPS stimulated l3V-2 cells

LPS alone and in presence or vuious concentration or cx1mc1 induced production of 

c�tokines (TNF-o. IL-6) from BV-2 cells in comparison 10 the unstimulotcd control. The

,'31ues were oil significnntly different from the unstimulated control, but they were not

signilict1ntly (•p < 0.05) different from the LPS stimulated cells except EMOL 100 µg/mL 

11hich stotisticol significance (F(4, 14) • 37.75; p<0.0001] (Figures 4.14 ond 4.1 S).
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Figure -tl4: Production ofTNF-a in LI'S-stimulated BV-2microglla. 

All values ore expressed as mean :1:SEt--1 for three independent experiments. Daill \\'ere 

llllalyscd using one wny ANOVA for multiple comparison ond post hoc Student Nc,,mllll

Keuls le.st. • .. significant ot p < 0.05 when compared ,vilh LPS only. 
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Figure 4.15: Production or JL.6 in LPS stin111lnted DV-2 mlcrogli� 

eJ Negative control 

IZi LPS only 

el 100 µg/ml EMOL 
UlD 150 µg/ml EMOL 
Im.I 200 µg/ml EMOL 

All vn)ucs wc:rc expressed ns menn ± SEM for three independent experiments. Dnm were 
lllllll}'SCd using one \\'IIY ANOVA for multiple compnrison nnd post hoc Student Newmnn

Kculs test. • • signific:int ot p < O.OS when comp31Cd with LPS only. 
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.a.6.5 Re11cli\'c oxygen srcclcs (ROS) producllon In LPS s1lmul111cd BV-2 cells

LPS olone induced n marked produc1ion of ROS from BV-2 cells in comparison 10 1he

unstimulated control. EMOL signlfic11Dtl)' reduced the lc,cl of ROS produc1ion from LPS

stimula1cd cells (Figure 4.16). ROS production WIIS lowest nt 1.50 11g/mL (49.4.5 ±1.1.5).
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Figure 4.16: Rcnctl\'C oxygen (ROS) 11rollucllon In LPS ncth'lltcl.l microglia. 

Cells were s1in1ula1el.l ,vith LPS (100 ng/mL) in the prcsc:ncc or absence of crude exll'llct 

(100-200 µg/mL) for 24 h. At the end of the incub:uion period, 1ollll rcac1ive oxygen and 

niui1e species production were mCllSUrcd in the cell. All values wcr expressed os mean ± 

SEM for three independent expcrimcnlS. DJlll were analysed using onc-,vny ANOVA for 

muhiple comparison ,,•ith post hoc Student Ne,vmllll-Kculs 1est. 

• = significant ot p < 0.05 "hen compared ,vith LPS only.

DCF: 2', 7' dichloronourcsccin diocel!lle 
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,.7 BJOACTIVITY GUll>ED FRACTIONATION OF ETHANOL LEAF

EX'fRACT OF J\/or/11ga olclfcra 

,1.7.I Rc,·crse Frnctlonntion or El\lOL

Solid phase ex1roc1ion of 8MOL using ACE 10 CIB·IIL column wilh 20, SO, 80, and 100%

methanol yields about 64% (Tobie 4.S) 

Table 4.5: Percentnge Yield from re,·crsc phase rroctlonntion EI\IOL

Frnclion % Yield 

F20 14.00 

FSO I 7.S3 

F80 00.0S 

FIOO 
00.03 

F20 = 20%; FSO = SO%; FSO .. 80%; FIOO = 1 OO% 
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,.7.2 Olo11cth1 ity of fnicllons of E�IOL 

MTf 11nd Griess assay n,onitoring or activity of froctions showed 1h01 FSO modcrotc:ly

reduced nitrite production nnd less toxic thon FSO 1111d FlOO thnt showed better activity In

nitrite ossoy but is acutely toxic. 1110 following 11rc results obtoincd for bi03ctivity or

fractions. 

�.7.2.l Vinblllty of BV-2 mlcroglln cells. 

n1c cffcc1 or the rrnctions F20, FSO, F80 nnd FlOO 01 12.S, 25 and 50 11g/mL on BV2 cell 

viability ,vllS tested using the MTI nss:iy. Result showed that 1'20 nnd FSO did not ofTcct the 

viability or BV-2 cells while FSO and FIOO off«tcd the viability or the BV-2 (Figure 4.17).
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Figure 4.17: The effect of frnctions of cthnnol cxtrnct or ,\loringa oltifcra on the ,;ability
or BY2 stimulated with LPS. 

All Vtllucs ,,·ere expressed ns mean :!: SEM for three independent e,pcriments.. D� \\"tl'C

wlyscd using one \\'llY ANOYA ror multiple compnrison and post hoc Student Nc,,mllll·

Kculs tcsL

•• slgnifiCllnl 01 p < O.OS when compnrtd ,,ith LPS onl)',
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,.,.2.2 NO producllon In LPS stlmuh1tcd BV-2 cells

LPS alone induced II marked production of NO from DV-2 cells In c<1mp.1rison ,vi1h

unstimulated control. FSO 01 25 µg/mL signlficontly ("p < 0.05) inhlbi1ed the level of NO

production from LPS stin1uln1cd cells (Figure 4.18). FSO ond FIOO 111 12.S, 25 and SO µg/mL

sig11ilic11ntly reduced nitrite productton (Figure 4.18). 
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Figure -tl8: The effec:t or rraction or ctbonol extract or 1\for/11go olelfero lca,·c.s on nitrite:

produclion In BV2 sllmulnlw ,vilb LPS.

All values were expressed ns mean : SEl\.1 for three: independent experiments. Data ,vcrc

analy�d using one ,vay ANOVA for multiple comparison ond post hoe Studenl NC\,mon

Kculs lest. • - signi!icnnl ot p < O.OS when comp3.!Cd with LPS only.
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,.7.3 HPLC-DAD

Fingcrprin1 of FSO oblnincd from scmi-pn:p;ir111hc rcl'crscd-phi15C II PLC i> prcscn1cd on

figure 4.19. Fil'e con1pounds were isola1cd ot the follo11 ing rc1cn1ion 1imcs.

l2A29 n1inu1cs (F'S0-1),

IS.SS9 -16.18S minutes (FS0-2)

17.736 minutes (F50·3)

18.392 rninutcs (FS0-4)

20.863-21. I 54 ,ninutcs (FS0-5)
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'-'-" lsolnlion :and Spcclr11 011111 or (Jl'S0-4)
The prolon N�IR speclrum, spectro dnlll. UV absorption s�lrum nnd slructurc of FS0-4

(kaempfcrol-3-0-P-D-glucop)'rnnosyl-( 1-4)-<i-L-rhamnopyronoside) nre presented in Figure

�.20, 4.21. 4.22 and 111blc 4.S.

=:.t,,,u ... ootcWJ•c...,.u ,,

·8i3"II 

u
! ! •• !H!J rr 

V •• ii I " 111/ 

--
-

-

-

fl,I HI ·-

II I fl,l
11 .. • . . .  , .•

"1 
Ill'

I I 

-----.. .-. u •• ..
It tt I I 

� !' �'i 

1(,1 

T 
.. .. .. 

ll·J I 
It"' I 
ft J' I • .
114 

I 

-

u u n

1!lfi(
fl •• 

" 

.. " 

-
• 

" 

.. -

3 0 l}-D-olucopyrnnosyl-(1-4)-u-L-
figurc -'.20: 1 A Nl\ffi s11cc1rum or kDcmpfcrol· • • " 

rb1mnopyrnnosidc (FSO--') 

11 I 

• 

t 
I 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Table 4.6: 
1 
Hmm (300 �111:i, �lcOD) 1111111 for compountl F50-I

I 

2 

l 

IINMR 

� I { f1l)ffl) 

s • 

6 6.21 (bf, S) 

7 • 

8 6.43 (br. 1)
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10 

I' • 

2' 8.0S ld,M llz) 

l' 6.98 (d, J"9 •tz) 

4' 
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Figurt -1.? I: UV spcc1run1 or k.ncrnprcrol-J-O-P-D-glucopyn1nusyl-{l--l)·u·l, 
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4-?.S Analysis of FSO-' Spcc1111 Data 

n,e UV spcttrum (Figure 4.21) obtained from the IIPI CIDAD ch h d ,, romo1ogmrn s O\\C ,.

mJ,"<imo 01 350 nm (baod I) ond 264 nm (band II) ehoractcris1ic or the l.ocmpfcrol type. The
,11 Nt.lR spcctn11n of compound (Kocmpfcrol-3-0-l}-o-glucopyranosyl-(l-4)-a•L•

,h3111nopyranosidc) sho,vcd four signals in the aromatic hydrogen region. consistent ,vith the
rq,lacement pnllcm of the Oavonol koempfcrol. Two brood singlets at 6 6.23 Q/ld 6.43 ,vew..

GSSigncd to H-6 nnd li-8 of ring A. T11e proton signals ot 6 8.0S (d, .J=.9.0 Hz) and 6 6.98 (d,

J-9,0 Hz) which nppeared ns t\\'O doublets conlinncd the I ,&1-<lisubstituted oromotie ring B.

The presence of singlet nt 6 S.24 is assigned to the Q/lomcric hydrogen (H-1 ") r,a,u-di11.1i:lal

position with H-2", characterize tho P·D-glucoside unit. The cxistcnc� of o methyl signal at 6

1.25 In the high-field region was nttribuuiblc to rhomnosc. This \\'US funhcr conlinncd by the

brood singlet nt 6 5.22 \\•hich assigned to the onomcrie dicquotorial hydrogen characteristic

for a-linked rhrunnose (H-1 "'). Signals ranging from 6 3.20 to S.21 arc in association to

o.X)mcthine protons together ,vith the signals of onomeric protons (H· 1" a.nd H-1 "')

conftrT11cd the presence of glucose ond rhomnose In the molecule. The assignments of all

pn:,1ons in this molecule ore summarized in Tobie 4.S.

This information together \\•ith associated literature data for novonoid ,vith the sa.me oglycone

olloll'cd the iden1ifica1ion of F50-4 os kocmpfcrol-3-0·P-D-glucopyranosyl-(1-4)-a·L

rtwnnopyranoside. This compound hos been previously isolated from the leaves or O.randra

SlJJ//ljloro R.E. Fries (Souz.o er nl., 2014). 
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tS AN'flNElJROlNFw\l\'lMATORV EFFECT OF ISOLATED COl\1POUNDS ON

�UCROGLIA IN LI'S INDUCED NEUROINFLAl\11\IATION

8 I J(Jlen1pferol, quercefln nnd rutin did not affect the vlabUlty of mlcroglla cells.t. ., 

The toxicity of compounds from !tlorl11ga o/elfera on BV2 cell viability wu tested using the

�ITT nss:iy. Result sho,vcd thnt kncmpfcrol, quercerin and rurin at 12.S, 12.S and 2S JIM

respectively in combination ,vith LPS did not arrect the viability ofDV2 (Figure 4.23). There 

11"" no significnnl difference In cell viability of mlcroglia pretreated with or without

compounds ond LPS. 
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Figure -1.23: Prctre:itn1ent wilh or without Kncmpfcrol, qucrcctln nnd rut In on vlrtblllty 

or mkroglln stln1ulnled "'ilh LPS. 

Cells were stimulated ,vhh LPS ( I 00 nsfmL) In 1hc presence or 11bsencc of kocmpfcrol,

qutrtctin and rut in for 24 h. Al the end or the incubation period. MTT IISS4Y wll.S carried ou1 
00 tells. All values ,vcre expressed ns mean* SEM for three indcpcndcn1 experiments. Data
�ere wlysed using onc-,voy ANOVA for multiple comparison with post hoc Student

NewmA!l-Kculs test.
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tS.2 Kacmprcrol nod qucrcctin supprtsscs nitrite production by Inhibiting INOS
-•ion in LPS-nctiv11tcd microglincJP•-

ln the presence of LPS ( 1 OO ng/mL), there was o m01kcd Increase in NO production in

supemntnnts of B V-2 microglio, when compared to uns1imulo1cd cells. IIO\\ cvc:r, ll"Clltmcnt

1,ilh l;11cmpfcrol nnd qucrcctin (12.S 1lNI) prior lo stimulation wi1h LPS resuhcd in n

significant reduction in NO production, in comp:irison whh LPS control (Fig. 4.24). NO Is

synthe sized during ncuroinOn1111no1ion through the Cnz.)mntic oc1ivl1y of inducible nitric

o.,idc synthnsc (!NOS). In dc1cm1ining whether the c1Tcc1 of the compounds on NO

production ,vns medinted through inhibi1ion of the octivitics of iNOS, its expression \VOS

mC3.Sured. lnlcrcstingly, kaempfcrol and quen:ctin caused reduction in cxpn:ssion of COX-2,

\\hilc nitin luld no reduction c!Tcct on iNOS expression (Figun: 4.2S).
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f'tgure 4.2-1: Kacrnpfcrol and qucrcclin inhibited nllrilc rclcnsc In LPS-nctlvntcd 

microglin. 

Microglio \\ere incubated in o medium containing 12.S 11tvl or both kocmpferol 4Dd quercctin 

111d 25 µM rutin for 30 min and then octivntcd bylOO ng/mL LPS for 24 h. Kncmpfcrol and 

(llltrtctin significantly diminished nitrite release in microglin. All ,olues \\'Cre expressed o.s 

llle.tn :1: SEM for 3 independent cxpcrimenlS, 041D were onal)-sed using onc•\\llY ANOVA for 

multiple comparisons ,vith post hoe Student Ncwman-Kculs test.

·"'significant 01 p < O.OS when compared \I ith LPS only.
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Figure 4.25: K11cn1pferol and qucrtclin Inhibited iNOS protein expression In LPS-

1ctiV11tcd mkrogllu 
\licroglia \verc incubated in a medium contnining 12.51u\l of both kocmpfcrol ond quc�Lin

Ind 25 µ/Ill rulin for JO min and lhcn ncth·oted bylOO ngtml LPS ror 24h. Kcompfcrol ond 

ljllercttin inhibited iNOS protein expression in LPS-aclivnted microgli11. Protein c:\i,rcs:sion

ll&s dctcnnined using wcstcm blot with specific onti-iNOS ontibod}. All valu� \\Cre

�l"'ssed as me.in± SEM for 3 independent experiments. 03ta \\Cl'C onnl)'� using OOC-\\a} 

ANOVA for mulllple comp:1rlsons with post hoc Student Nc\\man-Kculs test 
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.f,8.3 Kocmpferol nod qucrcelio suppresses PCE,z production by inhibiting COX-2

uprcssions lo LPS-ocll\':aled microgllo 

In the presence or LPS ( I 00 nsfmL), there was n mnrkcd incrco.sc in PGE1 production in

supcmatllnls or BV-2 microglio, \\hen compared 10 unstimulated cells. However, treatment

with kncmprerol ond quercetin (12.SµM) prior to stimulation with LPS resulted in  signlflcnnt

,eduction in PGE2 production when compared with LPS control (Figure 4.26). PGE, is

synthesized during neuroinOommntion through the ent)motic activit) or COX-2. It is known

that mPOES-1 is coupled 10 COX-2 in the biosynthesis of PO�. In determining ,,hethcr the 

effect orthc compounds on PGEz ,vas mediated through Inhibition oflhc activities orCOX-2, 

the cio:prcssion of  the.so enzymes wos mc3.SUrcd. Interestingly, koempferol ond qucrcctin 

caused reduction in expression of COX-2, while rulin hod no reduction c1Tec1 on COX-2 

(Figure 4.27). 
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Figure 4.26: Kuc1npfcrol and qucrcelin lnblblled PGE2 rclcnsc in LPS-acth•oled

mlcroglln. 

�ficroglia were incubated in o medium contoinlng 12.5 µ/'.I of both koempfcrol ond qucrcclin

411d 25 µ/'.1 rulin for 30 min ond then ac1ivo1cd bylOO nsJmL LPS for 24 h. Kacmpfcrol

signiticru11ty diminished PG� release in microglia. .

All values 1vere expressed ns mean :t: SEM for 3 independent experiments. Da14 were

111.llystd using on c-1voy ANOVA for multiple comparisons with post-hoc Studen t Nc\\mon

Kro!s lcs1. ••significant ot p < 0.05 when comp:ucd 11ith LPS only.
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Figure .i.26: Kncn1pfcrol ond qucrcclln lnblblled PG� rdcDSc in LPS-ncth•ntcd

mkrogli�. 

Mitroglio wen: incubntcd in o medium containing 12.S µ�I of both kllempferol and qucrtetin

lllld 25 11/IJI rulin for 30 min ond rhen ac1h•,11ed bylOO ng/mL LPS for 24 h. Kncmpfcrol

+ 

-

25 

signiJican1ly diminished PG!½ rclcnse in microglia..

All values \\'Cre expressed os mcan :i- SEl',,I for 3 independent c.�pcrimcnts. Dato were

wlyscd using onc-woy ANOVA for mulriplc comparisons with post -hoc Student Nc\,mon·

Kcub test .  • • signifiellnt or p < O.OS when compared \Yilh LPS only.
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Figure <1.27: Knc1nprcrol nut! qucrcctln Inhibited COX-2 protein expressions In LrS

acli\-atetl mlcroglin. 

Microglia \Vere lncubatetl in o medium conmining 12.5 µM ofbolh kaempfcrol ond queroetin 

and 2S µl\11 rutin for 30 min 1111d then activated bylOO nsfmL LPS for 24 h. Kacmpferol and

qucrcetln Inhibited COX-2 protein e>tprcssion in LPS-oc1iv111ed microglio. Protein c,prcssion

\\ls determined using ,vestcm blot wli.h specific onti-COX·2 a.n1ibodlcs. All , .. tues ,,�re

t"\prcs.scd as mean :t SEt-1 fOf' 3 independent experiments. Dato were on:il}� wing onc-"-a) 

ANO VA for multiple comp31'isons with post•IIOC S1udcn1 Newm1111-Kculs 1�.

1 

e aisnlficant 111 p < O.OS ,vhcn comp:ircd ,, Ith LPS only. 
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Flgurc 4.27: Knc11111fcrol ond qucrcetln Inhibited COX-2 protein c.xprcsslons in LPS

lttirattd 01icroglla. 

Microglia ,rere incubated in O medium conmining 12.s µM of both knempfcrol Md qucitttin

111d 2.5 Jl}.I rutin for 30 min nnd then activated bylOO ng/mL LPS for 24 h. KJicmpfcrol and

<!Uettctln inhibited COX-2 protein c>.prcsslon in LPS-nctlvotcd microglia. Protein c.xpn:s:sion

11
1S dctcnnined using ,vestem blot ,vith specific onti-COX·2 antibodies. All volucs \l'CfC

'°'PltSScd as mean :1: SEl\-1 for J independent experiments. O;it.B ,,1:rc anol).scd using QM-\\11) 

ANOVA for multiple comp:trisons ,vlth post-hoc Student Nc,vmon-1,.culs test. 

• • I 1 anllicant at p < O.OS ,..,hen comp.1rcd with LPS onl) 
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�J..I Kllempferol 11nd qucrcelin supprc.sscs lhc proclucllon or 1hc TNF-u and IL-6 In

[J>S-aclivllted BV-2 n1lcroglill

'The pro-inllommotory cytokines (TNF-o and IL--6) ore known 10 be importonl mcdiorors of

microglio inllommot ion. TI1cir produc1ion \\'OS measured in supcmolnnts or LPS-oc1iv11tcd

micJOglin using ELISA. Aflcr 24 h or LPS (100 ng/mL) stlmulolion, levels of TNF-« ,,'OS

significnntly reduced in culture supcmotants of BV-2 trc�lcd whh kocmpfcrol Md qucrcctin

(Fisurc 4.28). Prctrco1n1cnt with kocmpfcrol, qucrcctin and rulin (12.5. 12.5 and 2S 1iM)

incre3SCd IL-6 production (Pigurc 4.29) . 

• 
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,J., l{Jicmpfcrol ond qucrcctin suppresses the produclion of 1bc TNF-« and fl.r6 In

LJ'S-aclivated BV-2 111icrogli11

'fhe pro-inflammatory cytokines (TNF-« and IL-6) ore kno,vn 10 be imporunt medio1ors of

microglia infiommotion. Their production ,vns mc4.Surcd in supcmol4nts of LPS-ac1ivo1cd

microglio using ELISA. Aficr 24 h of LPS (100 ng/mL) stimulation, levels of TNF-o wns

signifiellntly reduced in culture supematanLS of BV-2 tl'Clltcd with kocmpfcrol ond quercctin

(figure 4.28). Pretreatment ,vith koempfcrol, qucrcctln ond rulin (12.S, 12.S and 25 µM) 

increased IL-6 production (l:igurc 4.29).
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,.SA 
iucmprcrol nod qucrcclin su11presses the production of 1bc TNF-u ontl fL.6 In

LPS-•clh'lltcd BV-2 ,nlcroglio

1be p,o-inH:unmatory cytokincs (TNF-a ond IL-6) ore kno\vn to be importllnl medial.ors of

n,icroglio inllrunmotion. Their production \\'BS measurcd In supcmntants of LPS-11c1iv111cd

microglin using ELISA. After 24 h of LPS (100 ng/mL) s1irnulotion, lc1els of TNr-o 1vns 

signi/iet1ntly reduced in cuhure supemnltl.nts of BV-2 trea1cd with kocmpfcrol ond qucrce1in 

(figure 4.28). Prc1rco1men1 \Yith knempferol, qucrcctin and rutin (12.S, 12.S ond 25 1tM)

incre.ued IL-6 production (Pigure 4.29).
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Rgurc ,t28: Kncn1pfcrol nod qucrcefln reduced TNFa production In LPS-11c1h11ttd

mkro2l111. Cells \\'Cl'C stimulated \Yith LPS (100 ng/mL) in lhc presence or absence of 12.5

µ.\I kacmpfcrol or qucrcelin and 25 µM rut in for 24 h. At the end of the incubJtion period.

SUpcm:uants \\'ere collected for ELISA measurements. /\II values were expressed o.s mcnn :I:

SUt for 3 independent experiments. Dato were lllllllyscd using onc•\\11Y ANOVA for

multiple comparison \Vilh post hoc Student NC\vmon-Keuls test.

''" 5ignific.int 01 p < 0.05 when compared ,vith LPS only.
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figure 4.29: Kncmpfcrol nnd qucrcctln did nol reduce ll,-6 produc1lon In LrS-11c1iv111cd 

mlcrogli:i. 

Cells were stimulated ,vith LPS (100 nsfmL) in the pn:scnec or absence of 12.5 µM

kllcmpferol or quercctin ond 25 µM rutin for 24h. At the end of the incub:11ion period, 

supcmatants ,vere collected for ELISA measurements. All vnlucs were expressed as mean :l::

SE/11 for 3 independent experiments. Dato were onolyscd using onc-\\11} ANOVA for

multiple comp:irison ,vith post hoc Student Ncwmon-Kculs test.

• • significant ot p < 0.05 when compared with LPS only.
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,J.5 Kacmprcrol, qucrc:elln and rutio modulate ncuroln011mmation by interfering

11 •1111 NF-KB signnlling p:ilhu•ay In LPS-acthatcd mlcroglfa

Considering the role ofNF-KB in ncuroinflan1mation, the effect ofkocmpfcrol, qucrcc1in and

ruilin on the activity of this iranscription factor was elucida1cd using tho rcpor1cr gene nss:sy.

The compounds sho,ved obilily 10 modulate 1he transcription of NF-ld3 gene. This ,vos

meJ.Swtd by trunsrecting HEK293 cells wi1h a plasmid con s1ruc1 carrying o lucifcrasc 

rtportcr gene controlled by NF-KB. It wns observed 1h01 s1imuln1ion or transfcc1cd cells ,vith

TNF-a (I ng/n1L) resulted in activation oflhc NP-K.0-drhcn luciforase expression (Pig. 4.30).

This phcnon1cnon ,vos affected by kncmpfcroi, quercctin nnd ru1ln rcsulling in significant (p

< o.001) inhibition of NF-KB driven luciferusc expression, demonstrating thnt compounds 

suppresses NF-KB-dependent gene expression in gcncrnl. 
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�J.5 Kaempferol, quercclin und rurlo modulate oeurolnflnmma1loo by lnlerferlng

1111h NF-KB signalling p11lhn'11y In LPS-acllvalcd mlcroglla

considering the role of NF-KB in neuroinOnmmn1ion, 1hc clfec:1 orkaempfcrol, querccrin and

ruitln on lhc oclivity of lhis lronscription factor ,vns elucidated using the reporter gene assny.

n,e compounds sho1ved ability to modulo1e the trnn,SCription of NF-KD gene. 1l1is was

me3SUrcd by tronsfec1ing HEK293 cells with o ph1smid construct carrying o lucifcnise

reporter gene conlrolled by NF-KB. It 1,11.5 observed thnt stimulation of tran.s fcctcd cells 1vlth 

TNF-u (I ng/mL) resulted in aclivotlon of the NF-Kll-dri1·en lucifcro.so expression (Fig. 4.30).

This phenomenon 1vos olTected by kocmpfcrol, qucrcctin and rutin resulting In signlfic4nt (p 

< o.001) inhibition of NP-..-D driven luclfcrnse expression, dcmonstrnting thnt compounds 

suppresses Nf-ldl-dcpcndcnt gene expression in gencrnl. 
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Figure 4.30: Kncrnpfcrol, qucrcetin nnd rutln Inhibited NF-KB-mediated gene

upresslon. 

HEK293 cells ,vcrc tronsfcctcd ,vith o plasmid construct Cllrrying o lucifcl'll5C reporter gene

controlled by NF-KO. nnd stimulntcd \Yith TNF-a (I nwmL) in the presence or absence of  o f

12.S �I kacmpfcrol or quercctin and 25 µM rutin. NF-KB mcdiotcd gene expression \\85 

measured ,vith ONE-Glo lucifernse ossaY ki1 and luminescence measured. All \'lllUC$ \\'Crc

expressed as mean ± SEf,.,I for 1hrec independent c."<perimcnts performed in lriplicatcs. Dain

were 11nolyscd using one-,voy ANOVA for multiple comp:irison with posl hoc Student

Ne\\mon-Kculs icst. •=significant ot p < 0.001 \\'hen comp:,rcd \\ith TNF control. 
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9 EFFECT OF COMPOUNDS ON l\1ACROPHAGES4, 

4,9.l l{uempferol, qucrcctin 11nd rut In did not arrcct the vlnblllty or n111crophAgcs.

The toxicity of compounds from kncmpfcrol, qucrcctln and nllin on RA \V 264. 7 cell viability

was tested using the ATP nssny. Result sho,,s that kllcmpfcrol. qucrcctin and rut in 01 12.S.

l2.S and 25 µM respectively did not nffec1 the viability of RA \V 264.7 (Figure 4.31). Also

LPS 100 ng/mL did not ntTect ,,Jability of RA \V 264.7 (Figure 4.31).
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figure �.JI: Pre-1rc111n1cnl with klacmpfcrol, qucrtctln and rulfn dltl nol urrccl 1hc 

n,billry or nllcroglln. 

Cells were s1imula1cd ,vith either LPS (100 ng/mL). bempfcrol (12.S µM), qucrcctin (12.S

1*1) or nllin (2Sµ�I) for 24h. At the end of lhc incub:ition period, ATP llSS:lY '"o.s auricd out

on cells. All values were cl(prcsscd 115 mean :1: SEM for rhree independent cxpcrimcnis. Oal.4

were analysed using one-\\'BY ANOVA for multiple comparison ,vith post hoc Student

Ncwman-Keuts rest. 
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4.9.2 K11en1prcrol, qucrcccln oud rull.n suppresses Che production or cycoklncs In

111cropboges

C}1
okines are imponont inediotors or Immune cells. They ore important regulntors or

immunity. The effect of the compounds on cytokino production 1105 measured In supcmoronts

of RA \V 274.6 cells treated 1vith either c-0mpounds or LPS oflcr 24 hours. 111c lovcl or

C)1okine production in LPS treated macrophages was 11S expected very high ro, lr-N-y, IL-6,

IL-8 and TNF-a. Rutin slgnilicantly inhibited production or 11,-G, IL-8 ond TNF-a in 

macrophages. Koemprerol significantly inhibited production or IL-6 ond I L-8. None or the 

compounds sho1vcd signi ficnnt inhibition or IFN-y (Figure '1.32)
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Figure 4.32: Cytokincs production in kllcmpferol, qucrcctin and rulln trcntcd mkroglia

rtlls. 

Cells were stimulated ,vith either LPS (100 ng/mL), kncmpferol (12.5 µM), qucrcetin (12.5

µ,\I) or rutin (25 µM) for 24 h. At !he end of the incub.ltlon period. supcfflllWllS \\'CIC

collectcrl for ELISA measurements. All Ylllues ,,-crc expressed OS mtlln * SE.\I for 3

independent experiments. Dolli ,vcre 311alyscd using onc-woy ANOVA for multiple

comparison ,vilh post hoc Student Ncwmo11-Kculs test

•• •  signlftcant ot p < O.OS ,vhcn compoted "ilh LPS onl)
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t9J Inhibition of phos11horylntion of p38, ERKl/2 and JNK J\tAJ' kinase,

contributes to immunodulntory ncth•lty ofkacmprcrol, qucrcctlo and rutlo

�!AP kinoses nre one of the frequently encountered signaling pathways In the 
unmunomodulation. For exnmplc, T cell activation involves the RnsfMAP kinase pathway,

,iith the c11scodc ending in the octivotion of ERK which gains ability 10 pw through the

nuclw mc1nbronc to activ111c /\P-1 (Pos llDd Juns) 11hich is a very importont regulator of IL-
2. Based on this. the effect of isolated compounds on macrophages wos in\lcstigotcd. LP$

alone incrc11scd the level of phosphorylotcd p38, JNK ond !!RIC All the compounds sho11cd
significant (p< 0.05) inhibition of p38. Both phosphorylotcd JNK and l!RKl/2 were also

inhibited by the compounds especially rutin (Figure 4.33).
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Figur e 4.33: Lohibitlon of �tAPK phosphory lnrioD by kllcmpferol, qucrccrin and rurin
Cells were stimulated ,vith ei1her LPS (100 ng/mL). kocmpfc:rol (12.S �I), qucrccrln (12.S 
µ.\I) or rutin (2S Jl-1\lr} for 24 h. Dara were onolys:ed using onc-,vay ANOVA for multiple 
comp,uison with post hoc Student Ncwman-Kculs ICSL

••significant ot p < O.OS ,vhcn compitrtd ,Yith LPS only
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tlO 
ll\t�1UNOl\10DULATORY EFFECT OF EntANOL EXTRACT OF ftlor/11ga 

olt/ftro LE,\ VES

tJO.I El\tOL "IIJ toxic on Jurluu cells 111 160 µg/niL

�IOL reduced the number of live cells to lower than 100,000 110cr G hours of tl'C3tmcnt.

After 24 hours post trentment n II the conccnlrnlions has doubled almost twice except 40, 80

and l60 µg/mL (Figure 4.34)
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F'igurc -4.3-4: To,-icily or cn11.lc cxtrncl t,/11rl111:u oltifcrt1 on Jurknt cells.

Juooll cells ,,en: plated DI I" I oi cells/well Dnd total numbcr or cells counicd using 1rypan

blue cell ci.elusion nssay DI time points ( 1,2.4,6 ru1d 24 hours). Dalli \,ere exprc�d Mme.in

t (S�1) IOtol nurnbcr of live cells whhin cniirc population. Representative of > 4

c.,pcrimcn1s 
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tlO,l E�IOL shoivcd n conccntra1ion depende11 lnhlbllion of proliferntlon The number of rapidly dividing Jurkot cells reduced with incrc:uing conccntmtion of BMOL.Jurkat cell arc highly proliferoting cells showing 11 bulk shin in histogram to the right from
d3) 110 4 (Figure 4.35). t.lenn tluorcsccncc intensity (t.1Fi) of Jurknt cells in lhc g111c sho1vsth3t at 80 pg/n1L, cells ,vc:re not proliferating hence lhc high fluorescence 1alue (Figure 4.36).
A plot of fold change In MFI for day 4 and 7 revealed !hat more inhibition was before day 4(Figure 4.37). Et.lOL inhibit number of prollfcmting cells in 11 concentmtion dependent
manner (Figure 4.38) 
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Fi!lure -I.JG: El\10L signifiranrly reduced proliferntlon of .Jurk.'11 rclls nt 80 ,ii:fml.

Juruir cells sub-cultured 01 5>< 101 cells/ml 24 hours 1>crorc staining wirh CFSE and tt'C3ted

111th or without crude e:\lf1lCI. Gating 11"M pcrrormcd on rapidly dividing cell� and counted ot

lime points. Plot ofCFSE me.in flon:sccncc in1cnsit) (�IFI) in pn:scnce or absence of c:-.tracl

01 time points. 
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Figure -'.37: Fohl chnngc in �lfls ul dt1y -' grc:irrr than I for E�IOL tre-.ated Jurklll

cells. 

JurJ..ar cells sub-culrurcd or S>< IO' cdlsimL 24 hours t>crorc slllinmg "itJ1 crse ond trcorcd

with or ,vilhout crude cx1roc1. Gnting wn.s performed on rapidly dividing cells ond counted 31

time poinis. l;�IOL reduced the prolifcr:ilion of Jurkol cells.

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



200 

f/J 
150 

-

-

C1) 
0 

"0 100 
Q) 
"0 
·-

> 
·-

0 
50 

0 
Control Vehicle

EM OL (µg/ml) 

Figure 4.38: EMOL close clcpcrnlcnlly reduced the prollfcr:11lon or Jurk11t cell�. 

60 

Jurkat cells sub-(;uhun:d nt Sx I 01 cells/ml 24 hours before staining with CfSC lllld tl'Clllcd 

11i1h or wirhout crude C\lnlCI. Gating w11S pcrfonncd on rapidly dividing cells and counted at

time points. 
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-'.IO.J Apoplosls nod necrosis rncnsurcl) b) Anncxln V and 7AAO 51nlns Represen101ive plois of 1t\AD and onncxin V of Jurkat cells sub-cuhurrd ot Sx I OJ cells/mL24 hours before 1re:11n1e111 wi1h or wi1hou1 crude ex1rnc1 (Figure 4.39). Plot of7AAD and onncxin V showed 1h01 Jurka1 cells become more 7AAD• \vlth Increase inconccntrnlion or E�IOL (Figure 4.'10). Untreated Jurkot cells 11erc both 7AAD" ond onne.�i n\r, while 01 80µg/n1L n1os1 of the cells I\Cre 7At\D' and f�1v were onnc.�in V. Result alsoshowed a conccntmtlon driven crrcc1 for necrotic Jurkiu cells on days I and 4.
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Jurut cells sub<ulrun:d at Sx 101 cclls/mL 24 hour.. before trcnLmcnt with or without cn1dc c\lmct. To directly measure opoptosi� ond nc:crosb, 

JUtUJ cells "en: lobcllcd with :innc,in V Md 7AAD at various time points. Gating "os performed on live cells 11nd the tollll number or vinblc 

cells (mCllll :I: SP.�I) v,as measured by now cytometry. 

142 

Rcprcscn1111i\c plots of 7AAO nnd anncxin v.UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



250000 

.. 200000 --
0 
u • 
0 

150000 < 
< 
,.. 
-
0 
... 100000 0 

,D 

E . 
:, . 

z 
:

50000 
. . ' ' ' 

' ' ' .

0 
Con 10 20 40 

EMOL (µg/mL) 

Figure 4.40: Effl'cl or Ei\lOL on tolnl number of7AAD' cells. 
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cxtroct. To directly mcnsure upoptosis and necrosis. Jurkal cells ,,ere labelled ,vith annc.�in v

11nd 7MD ot vnrious time points. Gating WllS performed on live cells nnd the tollll number or 

viable cells (me.in± SE�f) ''tlS measured by now cytomctry. 

Con: control 
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4.J0.4 E�IOL inhibited :ipoptosls or Jur�t cell oa apoprosi., and nttroslJ in CD3,rCA�f and CD28 acrh•ated Jurkar cells
CD) 1111d either CD54 or CD28 co-stimulation of Jurkat pre1·en1 tlllCrg) mllk.ing more cells todie by opoptosis than in unactivated Jurta1 cells (Figure 4.4 t ). EMOL caused n conccnuntlondependent inhibition of apop101ic cell death in Jurb1 cells (Figure 4.42). BIOL o.s e�pcc1edsho11ed o concentnuion dependen1 increase in neero1ic death (Figure 4.43).

144 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



.. 

.... 
2 ... 

'\

... _, 

-
... 
... 
... 

.....
� ...
... 

Mt CDl•,_. C°'*llf 

J•U., 

., 

06- ,., 

0

•·

., ., ,, ...... 

0 ·.l
� ...

ca, cDl•l:I c� 

. .  

O•• Pl 

.... .,. .\.,_. 
:.· 

• 

• 

ICUCOl•-t4WNl&D - o-"' -
... .zm I &AA '\

.. .. 
.. ., 
• . '\... 

2'\ 2 .. 
" ... " 

,I-lo 
01

... .. -' .., .., .,. ... ... I 
"--' ... 

- C.02.CDJ•Jev.,._
o ..... , ... ,. 

... 
... 

;'. _, 
... 

LL •• • .... .., .,. .. ... •,,, .. 

aDCOJ•UJlt 
IH(O)•t,,l• _.,, -.mt•t• •• 

-·· - .-... ..- 'fta: I • ... 
71i' n, .... 

'\

.. .. 
•' .. , 

2., � ... 
... .. 

. . . 
'\ 

.. .J ··;,· -;,.· -.;.· ;,· ;,,·. JJ
., .; ., ., I . .. ., .,. .. ., JI..... '1,IA .. ... 

CHC:OJ•JllO 
C:1,&COJ•l'I •• COICOJ•n• - a ... •• - _..,..__ .. ,... - ...... 

.. �
... ,. . " .. ... 

'\ ... .. 
.. ... ... 

��

0

��

0 . ' 
� ... 

" ... '\

"I,�.:� ... � .. �-J, , �J. 
" • ., -' .,. ., I .. ., ., .,. .. .; I 

N.•A H•·• .. .. 

Figure 4.41: Su.,u,ined :ind cO,cicnl ac.lh•ntion or Jurkut cells following co-s1ln1ut111ioo through ICA�l-111nd CD28. 

Jutk:u celb were sumul.itcd wi1h nn1i-CD3 plus onti-CD5'1 or unti-CD28. Cells were honcstcd on the doys indica1cd ond lhc 10101 number of 

11illblc cclh (mcnn. ± SEf\11) ,v11� measured by no,, C)'lornclry. Doto (mean± SEM) ,vcrc prescnled os the number of cells rcla1hc 10 lhc entire 

popul3.lion. Rcprcscnlllli\.e or1hrcc cxpcrimcnlS. Rcprcscn1a1ivc plolS of 7A1\0 and onnc,in V. 
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Fiaurc -&.-& l: Suslaiocd nnd efficient uc1ivn1lon of Jurkat cells follo,ving co-,�lln,ulntlon throui:h ICA�l-1 nncJ CD28. 

Jurknl cells were stimulated ,vith anti-CD3 plus nnli-C054 or nnti-CD28. Cells were hlll'\lc:stcd on the days indic:itcd and the total number of 

"i:tble cell� (me.in. :t: SEM) \\1lS measured by no" cy101nctry. Datn (mean± SEM) wen: presented ns the number of cells n:lntlvc to the cntlrc 

population. Rcprcscnt:nivc of three c.xpc:ri1ncnts. Rcprc:scnllltivc: plots of 7AAD nnd onnc,in V. 
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Figure 4.-12 : Apoplic (1\nnclin v') cell, following co-sllmulnllon lhroui:h ICAl\l-1 nnll

CD28. 

Jur1Ji1 cells ,vcre stlmuln1ed wilh nnli-CD3 plus onli-CD54 or nn1i-CD28. Cells were

�l\'Cstcd on 1he dnys indicn1cd nnd lhc 101111 number or viable cells (mcnn, = SEM) \\11S

rneasu� by no,v c)1omctry. Dalo (mean * SE�I) \\ere prcscn1cd ns 1hc number or cells

rtlalivc 10 1he entire population. Rcprescn101hc or lhrcc e:-.pcrimcnlS. Number of onncxin ,,. 

CCIIJ on day I ond 4. 
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CD28. 
larbt cells \\Cre stimulated with nnti.CDJ plus nn1i.CD54 or anti-CD28 Cells ""Cl'C 
�estcd on lhc days 1nd1c.1tcd and the toul numbtr or \'i&blc cells (mun. � SE\f) "a., 

� by no,v cy1omct.ry. D;ita (meJ1n :t SEl\1) "m presented as the nwnbcr or ttlh 
"bthc to the entire populauon Rcprcsffltathc or three c.'<pcrimcnts. Number o( 7MD' ttll 
0'l day I and 4
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,1,10.s El\10L on l'X11resslon or CCR? In Jurka1 ccllJ ucrlv111ct1 I>> CDJ and di her

ICA�I or C028
�101. cnuscd II sllgh1 shin in CCR? expression t.lfll or !!MOL 1rco1cd Jurkal cells when 
compnn:d lo un1ren1cd (Figure 4,4,J), CDJ ond CD28 ocrlvo1cd Jurl<al cxprcsJ sllg)11ly more 

CCR7 than CDJ nnd CD28 on day I lhon dny 4 (Figure •l,45). 
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CHAPTER FIVE 

DISCUSSION 

S.I Discussions 

The nn1incuroinnnmm:11ory aspects of cilmn 1 
. . 

o c:xtroc:l of /.forfngo olelfero lca,1·cs (E.\'IOL)

ha1'c been 1nves11ga1ed in 1his siudy Firstl th · >, c central clTccts of the cx1r.1c1 1vcre 

invcsligotcd to osccruiin its ac1ivi1y in th b · " 
. . 

c ram, ,ollowcd by tlS ncuropro1ec1ive ability in 

chronic mflomma1ory and ncuroioxic conditions as cxcmplili-' by c I • ·1 d · "" onvu s11•e ep1 epsy on 

LPS induced cognilive impairment Sccondl), in a bid 10 isolnrc the principles with

..... u e o ncurotn nmmouon \\'O.Sncuropro1ec1il'e property, lipopolysaccharide 1'ndu··., mod J f · n 

stUdicd by moni1oring vorious inOammotory mediators, c)1okincs. chcmokincs ond signaling

molecules involved in both ups1n:11m ond down rcguloiion ofinfl111T1mo1ion ond immunity.

The study es1ablishetl that LD,o of e1honol c.x1roc1 of jlforuign oftlfern leaves wns > SOOO

m!V'l{g. Atledapo et al .. {2009) reported the LO,o or methanol cx1111c1 of the Jc:if 10 be > 2000

mfVKg, and Knsolo el al., (2010) go1e o value of 17.8 fVKg ns oraJ L050• El\llOL cnn

thcrcfon: be classified os rclativel) non-1oxic.

The beneficial medicinal effects of pion! maieriols 1ypicolly resuh from the combinations of

secondary 1nctllbolites present in pion!. through oddilil'c or synergistic action of sc1·eral 

chemical co1npounds ociing 01 single or multiple 1arge1 sites ossocl1llcd 11-ith o physiological

process (Driskin, 2000). According to Kaufman ti nl, (1999), some pion! products may exert

their action by  resembling endogenous me1abolhcs. ligands, hormones. signal trnnsduction

molecules. or ncurotrnnsmittcrs ond thus hove beneficial medicinal cfrcctson humon's due 10 

simil11ritics in their poienlit1l wrgci sites (e.g. CNS, endocrine syS1em. clc.). These secondary

mcbbolhcs, indlvidunlly or in combination, would account for the obsefl'ed phnrmocologicol

cfTects of this plant. Prcliminnl') ph)tochcmical nnnl)sis rc1·e4ls 1h01 ethanol cx1rnc1 or

l/io-' , /fl 1 .. ·ns gl)ccosides, tannins, nn1h111quinoncs. soponins, but 

' r1ngo o,e l!ro caves con ... 1 

5Urprisingly no  alkaloids. Alkaloids ,,ere present in the ethanol c.�tracl or ICAl'es from Kenya

("'···f r l'llloids could be 4S II result ofihe Joc.1tion. sason and

= o ti nl 20 I I). TI1e absence o o " 

,... 11) rted that II intcr samples or jl/orlngo oft/fern hod

"'"e of collection. Tsai ct al. (20 rcpc 

h'gh 
. d pheno lic compcunds (e,cept the leaf p:irt) ond

1 er ash (except the sto lk p:irt), colcium on 

Sllongcr 11ntio:<ltlotivc oc1ivily thnn summer s.:,rnples.
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/n-vil'O methods using intact nnimals arc considered lo be lhc best ·'-od Ii . . . 
the action of  drugs on the CNS ( " ·  

meu, or 1nvcsugntU1ll 
-><Jrl.cr ti al 2007) Th 

dnJ action o n  the CNS is I b '. 
· c most important step in c,·ahuting

g o o serve the behavior of the tc.st nnimols.
The ex1t11ct (250 - 2000 mg/Kg) produced . 

. 
. . 

significant (P<0.01) dose-dependent reduction ID

oovelly induced bchov1ors. Reduction effects 1000 
_ . 

at and 2000 mg/Kg is comP3roble to 

d1azeP3m (3 mg/Kg). This obscrvntion suggests that E�IOL depresses the CNS. The 

mechanism might be by potcntiotin th · h"b' g e ID t 11ory p.11hw11ys (GABA, glycine) or inhibition 

of rhe excitlltof)' path1vnys (nomdrenoline acctylcholi'ne) "' "d d · 
a• n • ... europcpll cs, opam1De, nvJ\,

endorphins and ncctylcholinc which nrc implicated 'in re"" · d I 
• • 

-,ng. grooming nn ocomouon m 

mice nnd small animals might be involved in the Ei\10L activity. The circuit conlllining the

ventral tcgmcnt11I orca, nucleus accumbcns nnd ventral p;illndium is n:qulrcd for expression

of locomotor activity elicited by ompheuunine like psychostimulonu and it was hypothesized

as ncccssaQ' for novelty induced motor activity (Hook and Kalh,as, 1995).

Tho open field test is also used to measure 11nxiety. Anxiety behavior is triggertd by

scp;,mtion of nnimol from its social group 411d ogomphobio (large orcM induced) (Ambavndc

ti al., 2006). ln the open field the animal is expected to sho1, thigmo111xic behavior identified

by profcrcnce for periphery and reduced ambuloiion. The reduced movement in the open field

!ho"s 1h01 EMOL is onxiolytic. The doses of ex1mc1 used produced o oon-significont

declt4SC In the time spent In the open onn. Oinzepam (!mg/Kg) produced an increase in time

spent in open orm. Anxie1y is represented by o\'oldonc:c of open orm of  animals placed in

EP�I. Doses of the cxrrnct incrcnsed the index of open onn a1 oidancc. Oinzcpam, buspirooe

and other an:<iolytics incrrnse time spent in open arm (Rang and Dole. 2006). This finding

suggests thot the cxtrnct is an.\iogenic. The mechanism of known OMiogenic agents is via

serotonin ( S -hydroxytrypuunine, sHT) ond GABA (y-aminoburyric acid) pol111voys. S·

Irr · (f'"IPI' CPP) t,cnzodioiepine receptor Inverse ogonlsts (FG 7142) nnd

11112c ogon1slS ,.,. • m , 

OAOA · (p. t :-<in) nnd PTZ oie anxiogenic. The open arm - closed

" receptor on1Dl!On1sts ICl'O o. 

� • r. • lyt·c effect haS ,,orked well in identifying the nnxiol)1ic

arm approoch for screening ,or 1111:-<10 1 

0 \ Ptor rel3ted agents while i t  is not reliable in

potential of bcnzodinzepine/GA. 1 " rece • • . 
I ed echonisms. e.g. S-HT,,. partial agonists like

detecting anri-anxiery crTecrs through unre 01 m • . 

i..... 
t f lhe receptor of 51 IT. the maJor tronsm111er

Wlpironc (Rodgers ti of.. 1997), Four ou O 
• • • 

· , licotcd in anxiety in ,•orlous nn1mol models

IJl\olved in an.xlogcnic/nnxio1)1ic hove t,ccn imp 

(lucki 1996) 
, 

· 
. ished the c,..plor.itor)' behavior In mice as

Sunllorly, chc C"l""CI sjnnificantl) d1min 
" '" :,-·  d di TI1c test is o me11Sure of

dcmonJ1n11cd by the reducrion of tho number of hell • P· 
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e.lploratory behaviour (Crawlc), 1985) d • 
.... 11 L985· Amos , 1 200 

1111 11 IC\'Cals scdath-c octiviiy of agents (File and
,., OIY, , t a., I), II has btt n.L. • • n e,uwhshcd that BAAiol)'lics increase I.he numberof he:id-d1ps (Takeda et al.. 1998) Th 111 . · e c C'Cl of the cx1n1c1 Is therefore suggesti\'c ofon.dogcn1c rather LhM Mxiol)1ic potentials.
Further evidence or the ccnlrnl dcpressan · • 

. 
1 acuvny of the extract is provided by the c.,1roct's

ability 10 polenttalc pentobarbitonc-induced h)"'nosis "" rr. th be 'b -� ,. • - cuecl al may ottn ut�-u 10 an 
action on !he ccnlllll mechanisms in\'olved in the reguf31ion of sleep (Chindo et al., 2003) or

411 inhibition of pcntobarbitol melllbolism {Koul and Kulkarni, 1978). 11 is genernll) accepted
lh!lt lhe sedative efTecLS or drugs ain be evalu3ted by determination ofpen1obarbiLDI sleeping
lime in laboratory animals (Lu, 1998). Fujimori, (1965) proposed that prolongation of
b3tbital hypnosis is o good index of cenLrnl ncn•ous system dcpress.ull octh·ity. The cx1111ct
produced a signilicanl (P< 0.0 I) dccre:isc in sleep latency II/Id prolonged sleep duration
induced by pentobarbitone (40 mg/Kg). This is also suggestive of a!nlr:11 depressive activity.
The extract 01 2000 mg/Kg protected 80% of mice from PTZ Induced convulsions. l11cro 
wa.s no protection in sLrychnine and picrotoxin induced convulsion. Strychn ine oct vio 
blocl.adc of inhibitory glycine pathwny In spinal conJ and picrotoxin blocks inhibitory GABA 

P3thway via GABA.11 receptor. This suggests that the onticonnilsant action of the EEtvlOL. i s  

mediated by the chloride channel ofOADAlbcnzodiozepine receptor complex and not by the 

chloride channel of glyc ine receptors. 

Spontoneous altemotion behnviour is regarded os o measure of shor1-tenn memory in rodents 
(Hritcu ct al., 2007; Heo et al .. 2009). A mouse must remember 01 I� the most recently 

visited arm in order to ol!cmntc the arm ehoice (Lee et al .• 2010). Some studies have used 

arm enrries as O ,neasun: of locomotion (�In et al., 2007), Sp:itial memory as measured by the 

Y · d d h' nneam"-•I kamin" ond memory function ond is related to the·mnzc tests 1s cpcn cnt on 1p,.-- ,... o 

mtDA rcccptor/Cn2• influx signaling pothnn) (Conrad ti al .. 2003). Tho cxtrnct did not

_. . b d' nnm 3 mftrrt g showed o slight decrease in short tcnn, .... ucc spontaneous allcmouon, ut 1azc,... tv" 
• , • I trnnsmission is seriously comprom1S1:d, ond the

memory. In Alzhcuncr s drsc:ise ncurona 
. 

I i IISS()Ciatcd with memory loss. ,\lonnga oleifero
tholincrgic neurons hove been lost. 1 s . • . , 

. SHT in mt model of Alzheimer s disease induced
restored level of dopomine, nonidrcnohne. 

. 007) 11 0 result shoi\ed Lhot ,\lorfnga ole(fera h:id a
111lh colchicinc (Gonguly and Guho, 2 · 1 

d fic't Several studies have sho1\n a close
l)rOtec( I • LPS 

. duccd memory c I i . 
1vc ro c tn in . , 'nduced by systemic injection

• d ncuro-mnarnmot1on i 
connection bc11vecn amyloidogciicsis on 

p enerntlon n hich imp:ilrs memory
of LPS I n motion enhances A g 

, and !hot neuro- n om 1 1 ·cctions of LPS-lnduccd mcmol)
�-- ed rhot system c nJ 
·�ction. Lee et of , (20 I 0) �hOI\ 

I.SJ 
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1mpainncnt by Ap,....., gencraiion in both th C concx and hipnnrnm I . . 

f genes involved ·,n · n . ,...-.. pus rcsu 1mg 1n expression
o '" ammn11on and i . . 

,_ nstrat•d the 1• _n f 
n Dm}'loidogcnesis. Some other studies ha\ e

=.,o .. n ucncc o LPS O AA d .. 
• . 

n " cposu,on in AD (Gup.-uini ct al., 2004) nnd tlull
111JD·mnnmm11Jory ogenis such as lb Ii 

. • 
upro en prc\cnl AP deposition (YAn ti al., 2003) by

decreasing cytok,nc produciion In h umnn neuroDlll cells, Mlrocytcs (Blasko ti al 2001} nnd
Tg2576 AD mice (Lim ti al 2012} C n•-4 , 

., 

. . 
· · om-,.., w11h some otlia inducer of nmyloidcgcncsis

1111d neuro1nnammo11on, LPS also caused h"gh 1 er t<K.xprcssion of inflnmmaiory proieins

COX-2 nnd iNOS. ond omyloidogenlc prolein• BACE and C99 · · b · h · h•Y tn mice rotnS t on \\ 11 

lfN-y or TNF-o. alone or in combinntion \vith LPS. Hlluss-\Vegrzyniok nnd \\lenk (2002}

sho\\ed ihot LPS induced cxtrnccllular deposiiion of bcui amyloid fibrils into the

hippocampus. Going by the pro1cc1ivc role of A/orlngo olt/fero in systemic LPS induced

cogni1jve delicil, l;NIOL could be o potential sowcc of compounds \\,j_th on1 i

neuroinflammo1ory crrcct IDl'gcting nm}loidogcncsis.

Neuroinflammotion is n phenomenon thlll is aimed 01 prolrctlng the ccniml nervous system

(CNS} against infec1ious insults nnd injury. ll hn.s been closely linked 10 the pathogenesis of

AD and evidence has dcmonslmled sustained inflammatory responses lnvoh�ng mieroglio

1111d nstrocytcs in animal models of ncurodcgcncroiion. Although, most cases of

ncuroinnnn,moiion constilu1cs a bcnclicinl process that ceases once the threat has been

elimirnued and homoeoS1nsis has been restored (Spencer ti al., 2012), sustnincd

neuroinnm1mo 1ory processes hos been sugges1ed 10 be the racior that drives and con1ribu1e

10 the cascade of evcnlS that result in progressh·e neuronal damage observed in many

neurodegenerniivc disorders like Alzl1eimer's 11nd Porkinson's dise.lSC (Hir3Ch cl al., 2005:

McGccr ond McGecr, 2003; \Vil.ms ti al .. 2007: Spencer cl al. 2012). 

•1· 1· I 11 11 • ·n·imune cells in 1he CNS and their actions ore similar 10

" 1crog 10 cc s ore 1c pr1mory 1 

••--- f · h (K .... ui.zbc"" 1996). Conscqucndy, their primary functions
w,ux o peripheral ,nocrop ages •� . .,. 

b d ··n., invading po1J1ogcns, removing deleterious debris,
arc to promote host defence y estro) 1 " 

• . • homocostASis. panly through their innuencc on
promoling tissue repair ond foc1ht11ting ussuc 

(Gl ss ti al 2010). Ho1\evcr, suS1nined, uncontrolled
511rrouoding ostroeytes and neurons O ., 

. roduction of various neuroinnommolory factors
ac11vntion of microglio con lead to on excess P . • . 

� 'ncfude PGE, mtnc oxide, pro· innMU11atol') 

�hich I i • r/ n1cse ,actors I 
. 

promote ncuron:i nJU • (S ·1 and Kincaid-Collon. 1995 
• (ROS) and glu1nmo1c 1ro1 •

C)loklncs. reactive oxygen species 
· 1 2006; Kim ci nl .. 2007). Consequent!),

Gibbons and Ornguno\V, 2006: \Vang ti O" 
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intel'\eniion in a microglia 11cth'lltion process has beeome II promising therapy used for the
!JC3UDent o f  man} neurodcgencnuile co d. . , . n IIIOns (Kim ti al .• 2007).

Natural phytochcmicols ha�e bee n l\ldely propoScd os lrellunen1 options for
ncuroinfl11mmo1ory disorders especially AD In tb. • 1s rc.specl. na1urally-occumng
ph)10C:hen1ic0Js like curcumin, rcsvera1rol a.nd .,.,,. 1 h. ..__ d o-.cn e11 cotcc ins bllve .,,,.-n S1Jggcste to

prevenl AD because of their anii-:imyloidogenic, a.nti-ox.id.:uivc, a.nd onli-inllommatory 

properties (Kim ond One:, 2010). 1,/orlnga oltiftra has bttn shon'D 10 be ocuroprotec1ile 

(Ba.la.: ti al., 20 I 3) and also reported 10 cxhibi1 onti-inOrunmatory octivlly (Singh ti al.

2012). A study by Adedopo ti al. (2015) rcpons that methanol exrract of l,foringa oleiftro

(200 mg/Kg) inhibited c11m1geen11n induced mt pnw ocdcmo. 

One important finding of this study is that extruct of l,/orl11go olciftro reversed cognitive 

deficit Induced by LPS. These observations s«m 10 justify the use of the plan! in  tr-eiuing

inOammotory disorders. A major challenge in understanding the therapeutic potentials of

plant extracts usunlly relates 10 lock of infonnation on the pha.rm11cologic.ol profile of its

bioactive substances. Consequently, this study in1cstigJ1tc:d 1hc: crude c.�troct of l,lori11ga

oltifora and some compounds isolated from its clha.nol e.xtruci by oc1ivi1y guided reverse

phase frac1ionn1ion in LPS s1imula1ed microglio (OV-2), uns1imuloted microphages (RA \V

264.7) nnd T-cell line (Jurk111 cells). 

Microgliol cells ore knoivn to release proinnammn1ory c)1oJ..inel such ns ll--1, IFN y, IL-6,

and TNF-a, ll'hen ncth·oicd (Johnston ti al., 2011). Ac1ivn1ed microglin has nlso been

rtported 10 produce polcntiolly ncurotoxic subslllnccs like nitric oxide, oxygen rodic.ils. and

. 11 ·nnommoto"' cytoklnes (Zindlcr ond Zipp, 2010). The
protcolyllc cnzy111es, as 11c as pro• ., 

• I d ompounds on the produclion of NO, ROS, 
crrc:ct of Aforlnga oleiftra ond some 1so oic c 

I d m'croglia cells 1\111.S inves1iga1cd. Resulls indicotc
TNPa IL6 ond POE, in LPS s1imu 01c 1 

' ' 
L f (TOCI of 1,/orlnga olciftrn significnnlly suppressed

lhD1 concen1rn1ions of  milllgroms/rn o c:. 
. d oJ..ines in octiv111ed microgho compared 10 large

the production of tJ1csc med101ors on cyt 
d ml microglla hnvo been shown 10 be po1en1

amou t ·red r, n· rs /11-1•/l'O. �1ouse on 
n rcqu, or e cc 

kl ond mediators upon octh•otion 1vi1.h LPS

PIDd f O d • Oammotor)' c)10 ncs
uccrs o N on proin 

h LPS induces 11n lnorcosc in iNOS

(� d . dc111ons1ro1ed l al 
• flnghclli and Levi, 1998). llic SIU > 

• 11 hich 11erc: Inhibited by  ,\lorlt,go

Im o in microghal ce s. ,, 
muno-rcactivity and NO refcas 

ported 10 ncth·otc the MAP" nnd
. II hnve bc(n re 

01tlfera. LPS and other inOonunator)' sumu 
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l'[f-K.8 signalling p.ith,vn)-s in mi-r . ··-e. r11 (Lru ti al 2011) In . important upstream n:gulruo f • 
·• · p:!ItJculnr. NF-KB rs an

r O C)10ktnc, COX 2, 
Studies hnvc also shown that bl 

• and iNOS expn:ssions (Pllhl, 1999).
ocluidc of NF KB 1 

• • 
. f ,,.., • runscnpuonal activiry in the CNS cnn 

suppress exprcssron o 11,IOS. cox . ., 1111 -, d thc prornflammotory cytokincs. such 11S IL-IP, IL-
6, and TNFa (Moon et al., 2007) II is also 'd 1 . . 

· w, e Y kno,1n thJlt LPS stimulation incrc.iscs NF-
xB a.cuvntron through llcBa hos h 

• 
P P orylatron and degradation, le:iding to nuclear 

tlllllSlocauon of  the p65 subunit The results I Ii · a so con inned that kaemfcrol, quercctin ond
rutin which nre compounds isofated Ii 11, rom' orlnga oltiftra showed regulation oftrnnscription 
ofNF-1:13 in oc1iva1ed microglia. 

TNF-a and IL-6 ore two of the main pro-inflammatory cytokincs produced by activated 
microglia during CNS inflammation. and their excessive production ha.s been linked 10 many 
neurodegenerative disorders, including AD (Jung tt of .• 2009). In tlris study, Er-.tOL 
significantly inhibited the LPS-induccd rclcosc ofTNF-a. but not IL-6 in BV-2cells. On their 
rcleose from octivo1cd microglio. NO and PGE1 have been implicated 11S critical mediators in 
the processes of neuroinOomm111ion (Rock and Peterson, 2006). Funhennorc, high levels of 

'0 and POE, produced by rhe acrh•iries of iNOS and COX-2 hove been shown 10 be 

C)1otoxic 10 neuronal cells (Strauss et al., 2000: 1',1unJroz ti al, 2008). The present study 

showed that BMOL signiliC.'lntly inhibited LPS-induced iNOS and COX-2 protein

c.�ptessions in OV- 2 cells. These results show 1hn1 the inhibition of NO and PGE, production

by EMOL is possibly due 10 the inhibition or iNOS ond COX-2 up-regulation during

microglia activation by LPS. POE, is one oflhe most critic.ii medio1orsorneuroinnommn1ion

and neuronal damage in AD. Blevotcd levels or PGE, and over expression or COX-2 hove

bttn observed in the bmins of AD pn1ien1S (Hoshino ct of., 2011). These authors further

suggeSted that the extent of COX-2 expression correlates ,1i1h t11e amount of AP and the

de� of progression of AD pathogenesis PGE1 and COX-2 h:ivc also been shown 10 be

ma. • Ii · th bro"in rrung ti al 2010). Studies by Ganter et al., (1992) 
�or neuroloxrc actors rn c \ 1 ·• 

dcmonstrute th3t neuronal cells ore cop;iblc of producing lnnommo1ory and acute phase

• h I ethanol e�tnicl of 1\forfngo oltiftro inhibited PGE1 

pro1c1ns. In this study it ,vos shown t o 
. 

' 
. . ression in microgllo cells stimulated ,vith LPS

�uc1ron as ,veil o.s COX-2 protein exp . . 
I d ucrcctin n,esc obscf\•auons m1gh1 explain the

llrobably because It contains knempfcro on q · 

d ti-innammatotY actions of 1\forlngo olcl.fora,

rnccfuinisms involved in the enrlier observe on 
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NF-.:8 h3S been demonstrated to be f . one o lhe 1mponan1 in1racellul:ir sigt141 uunsducuon
path\YDys leading t o  expression of COX-2 1111d iNOS in LPS-stimulatcd microgli:J cells. In its
inactive form, NF-KB is bound to cytoplasmic pro1ein ld3. On phosphorylotion by ld3 klnBSC
(IKK), 1.:8 becomes degmded follo\vcd b)' translocation ofNF-1(8 to the nucleus. Once in the
nucleus. NF-KB binds to specific DNA IC11ding to activation of cellul11r expression of pro
inffil/Tlmo1ory genes. including COX-2 and iNOS. This octiWltion has been shown to be
stimulated by SC\lcrnl factors, such as lipopolys:iccharide (LPS), TNF-a. intcrleukin-6 {IL--6) 
and inlcrleukin-lP (IL-IP) (Ghosh ti of •• 2013). The effect fuicmpferol, quecetin ond rt.Hin on 

role of this transcription llictor sho\,ed In lhe 11n1i-inffamma1ory acrion of !,forlngo oltlftro

might be vio inhibition NF-idl as measured by NF-KB mediated lucifcrnsc lrnOSCription. 

Ba.scd on our result, it cnn be proposed 1ha1 1hc an1lncuroinffomma1ory effect of !,/oringo

olt/fero (kocmpfcrol and qucrcetin) might be throogh supprc.ssion of PGE2 and iNOS 

production through inhibition of NF-idl signalling in LPS-stimul111ed microglia cells. This

finding nlso seem to indicate 1hat,�forlngo altifero mighl sen-c us o po1en1iol 1empla1e for the

design of novel con1pounds In neurodegenerati\ e disorders.

ROS are diverse and abundanl in biological systems. \Vhilc excessive ROS production

clearly damages DNA, low levels of ROS aO"ecl cell signaling particularly 01 the le\ cl of

rtdox modulation. The p:uhology of neurodegcner.uion is also associated with oxidative and

nitros111ive stress mediated by reocli\'c OX)llCn species (ROS) and rcnetive nitrogen species

000,, h · pliClltinll the use of on1ioxid11nts
{RNS) (Hollhvell, 1992; Finkel and Holbrook, 2 1' 1 115 ,m 

. . 
, ROS are known 10 stimulate s,gnohng of numerous

u polcnlinlly beneficial strn1ci;1cs. 
, 1 of cells causes ac1ivo1ion of NF-kD/Rcl. AP·

cellulnr p.ithwoys. Hydrogen peroxide ircolmen . 
• ,f of. 1997). o.�idanls Clln also s1mulo1e receptor

I, and ml1ogcn-nctivo1cd k1nases (Poii 5 ti ·• . . 
d ,-ell 115 die doi,nsircom efTcc1ors in signal

• • • the absence of Hgon 115 1 
l)l"Os1ne krnoscs even 1n . h h r""�<e c gamma. milogen. . protein f(lnase C, P osp O •..-
lruruduction p:llhwoys including rns,

, 199�. Liou e, al .. 2000). EMOL
. 1 kin:ise (S1110I cl o,, • 

ac1i1•11tcd kinase, and c-jun•N-termino 
. . r Ifs Although lhc beneficial le1·el

• LPS oc1ivo1ed mrcrog ,a ce . 
lowered the H101 generated '" • 1 low levels of ROS promoie cellular

c 1cd thot rclouve Y 
or ROS is not corta in, it is well occ P 

. d h (Finkel. 2011 ). This observo1ion is in
II d ener.iuon or eal 

Pn>lifcl'lltion rather 111111 e.1use cc cg 
'd d their me1oboli1es moy ho1e

. 1h01 f)o\lOnOI S 1111 

confonnily 1vith the sugg�uons
• b icntiol novel thcrnpculies copoble of

20 I 0) and might e po 
neuroprotecti\lc effects (Spencer. 

• ludlng Alzheimer's dlscose
• djst4SCS, !RC 

ltduclng the risk o f  degenem1ivc brnin 
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Rutin .seems to hllve a better immunomod 
. . ulatory activit}' than kliempfcrol 1111d qucrcctin 4S

s/1()1�n by the st1mulal1on or rnacro h P ages and production or cytokincs. These C)10kines
include inOammatory cytokincs IL-6, IL·S lNF.,, and IFN I rfi (JFN ) • • -- -r. ntc cron-gamma -r 1s
regarded as II Th I cell cytokinc 11hich coordln:itcs crossialk berwcen inllllte and adapti\-c
immunity and inflllmmatory response b · I • • • - s Y s11mu aung the macrophage 10 increase its 
production or a brood n111gc or mcdintors including ouwcoids, ROS, ornc:hidonio acid species.
IIJld pro-inflammatory cytokincs. 1\forlnga oft/fora derived compounds seems to be unique in
their ability to enhance fFN-y production. IFN-r is a porcnt macrophage activator 1h01 also 
helps to activate and shape lhc adaptive �ponse. It is generated by NK cells and this might 

e.xploin the usefulness of ft/ori11ga olelfera in boosting immunity. IL-6 belong 10 IL-I family

of pro-inflammatory oytokincs which an: seemed very C4J'ly in the immune response: by

dcndritic cells and monocytes or miltrophogcs in recognition of ,•irul, parasitic, or b.1cteriol

antigens by innate immune receptors. The main function of IL-6 is signaling onset of 8-cell

dilTcrcntilltion to plasma cells. IL-8. also called CXCLS is n c:hemoartr.1ctan1 ,vilh o key role

of attracting neutrophils 10 Infection sire. lNF-a, like IL-6 and IL-8 art proinflommntory

C)1okines. DilTcrcnces in inrmcellular signaling were observed between compounds isolated

from /./oringo olcifora. But result sho11s 1h01 compounds induced phosphorylation of p38,

JNKl/2/J and ERK 1/2. Thus. it is clear 1h111 compounds might be excning their biological

11c1ivities through dlffercn1 signaling p;ithwoys, 11J1d a bener understanding of these: signaling

events will be iniportont in cxp:inding knowledge of such complementary IIJld oltcmotive

medicines. 

. · d 10 dctenninc the amount of cells 1h01 ort , ioblc, but
The trypan blue exclus,on ossny 1s use 

• d t"e death as the cause of dcalh. The extract
cannot dlffcren1iatc be111 ccn necrotic an apopto 1 

· hi her thon 80 µg/mL: surprisingly the
killed more lhon SO% of Jurkot cells 31 coneenllillion g 

I . d ubling time of t,vch'e hours. Though the extract
tells were able 10 recuperate ofter I 1e1r O 

• , 

. ght 10 bear b)' promoting doubling 111 the
cause cell death, its nutritive pot cntrol ,i'llS brou . . 

1 Th 1 'ghcr conc�n1m11on sull hos n 101111 number
concentrations higher thllll number of deat i, c 11 

• d -1 the high number of deod
d I 11cr conecnlr!lllOOS esp, c 

of live cells similar 10 1he conirol 00 0 
rod 15 ontoins several numbers of

other no1urol P uc c 
cells. Aforiuga olcifera like some 

,·tu•nts (Ganatra ti ol 2012) 
and secondary cons , • .• . 

chemical constituents used ns hormones • 
iain II high number of nutrients and

been reported 10 con 
�f ex1ruc1 of Aforir1ga olclfero has

lk roducdon in foc111ting n10tbcrs. The
L-- d' . 10 l)ooSt ml P 
- been used in folkloric me ,cine 
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Rutin seems to have a better immunomod 1 .. 
. . u BIOi) acuv,ty than kacmpfcrol and qucrcc:Lin ass/lOWn by lhc: sumulauon or macro 1111 . . P &CS and production or cytokincs. Thc:sc cytol:inesineludc 1nnamrruuory cytokines IL-6 ll-8 TNF • • -a. and IFN-7. lnterferon-gzunma (TFN-y) ,sregarded as a Th I cell C}tokine which rd' coo IIUltcs crosstalk between inmne and adapth cimmunity and inflammatory response b , · I • s > sumu ruing Ille ma.crophage to increase 1lS

production or a brood range of mcdintors includin· g au•·co·ds. ROS h"d · 'd · w I • arac I on,c DCI species.and pro-inflammatory cytol..incs. Alorlnga oltiforo derived compounds seems to be unique in
I.heir ability t o  enhance fFN-y production. IFN")' is a potent macrophage oetivotor lhot also
helps to activate: nnd shape the adapth·c response. It is generated by NK cells and this might
c.,plain the usefulness of A/oringa olelfero in boosting immunity. IL-6 belong to 11.-1 family
of pro-inflammatory cytokincs ,vhich an: secreted very c.irly in the immune response by
dcndritic cells ond monocytcs or macrophages in recognition of virnl, parasitic, or t»cterial
antigens by innate immune rcc:cptors. The main function of IL-6 is signaling onset of B-cell
dilTcrcnLiation to plasma cells. IL-8. also called CXCLS is a chemoanractant ,vith a key role
of anrocting neutrophils to Infection site. TNF-a. like IL-6 and IL-8 ore proinnommatory
C)10kincs. DilTerences in intracellular signaling were obscn·cd between compounds isolated 

from 1,/oringo olclfora. But result shows that compounds induced phosphorylation of p38, 

JNKl/2/J and ERKl/2. Thus, i t  is clear that compounds might be exerting their biological 

activi1ics through dilTercnt signaling p.1lh\\"D}'S, nnd a bcner undc:isianding of  these signaling 

events will be importnnl in expanding knowledge of such complcmc:ntal)' and oltcmo1ive 

medicines. 

Th 
• 

· •d lo dc:tc:rmlnc the amount of cells lhnt arc viable, butc trypan blue cAclus1on nssay 1s us, 
· d I ti de:ilh as the cause of dCllth. The cx1roc1 t'llllnot dllTcrentiotc bct\\c:Cn necrouc on opop o c 

killed more than SO¾ of  Jurkot cells at conccntrndon higher thllll 80 µg/mL: surprisingly the

J • d ubling lime or 1wcln: hours. Though 1he ex1rnc1cells \1crc able to rccuperntc oner l te1r o 
• , . b uglll to bear by promoting doubhng nt the

cause cell death its nu1riti\.'e po1ent1ol wus ro ' 
Th higher conoentrntion still has o total number

concentrations higher tho.n numbcrof dcollt, e 
. ... b"nh be f d  d , concc:ntr0tions dcsp11c '"" 'b'' num r o e:i 

ofli�e cells similar to 1he conirol 0nd 10' et . 1 be r ..,1 products contains severa num rs o 
II other now,� CC s. Aloringo oleifcro 111.e some

... ·,uents (Ganatns ct al 2012) , . ones ond secondary con,,, ·• . 
cJltm1cal constituents used ns horm 

1 ·n O high number or nutrients o.nd 
been reported 10 con 01 

Lear cxtruct o f  A1oringa olc/fero hos 
rod ct Ion In lactating rnolbc:rs. The • t,ooSt milk P U 

has been used in folkloric medicine 10

,ss 

-

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



difference in toxiciiy in-vil'O and in-,•itro ·gh be mi I expL1incd by the pbannacokinctics of thec.,tr.1cL 
\\lith interest in the mechanism of cell d ,a. Ii enu� unher C.\perimcnt wus pcrfonncd nl oplimumconccnu,11ions. This is defined 115 • • concentm11ons showing death lower 1han SO¼. Thee.xpcrimcnl sho1vcd th111 the mechanism of cell d-th ·gti 1.� • Th h · .... m1 I "" nccrosJS. e I rec m11Jor morphologies of cell dcnch include apopiosis. cell death associa1ed 1Yi1h au1ophagy andnecrosis (Krysko ct al .. 2008). Apoptosis JS an active proce.ss of self dcstrue1ion nssociaicdwith profound struclural changes including morphological altcra1ion. incrc11.Scd membranepermeability nnd nuclear collapse chnrncrerised by chromatin condensation and ONA

fragmcnuuion (\Vyllic ct al., 1980). Two standard cytofluoromelric methods of opop1osis
quoniilication, cnch assay detecting dis1inc1 cellular ohcrn1ions of 1he apoptotlc process ic.
7MD and onnncxin V. 7AAD c1·olw11cs lhc ohcnulon in pllLSl!la mcn1brunc in1cgrity and
Q/1/ltXin V measures the 1ransloca1ion of phosphnlidylscrine from the inner 10 the outer layer
of the plasma membrane. 7A;-\D staining hns since been used 10 replace propldium iodide
(Pl) sioin bec:lusc of its nbililry 10 simullll/1eously idcn1ify cells in 1he vorious s111ges of
apoptosis and de111h. Ap:in from these, ii is also oble 10 stain necro1ic cells and ii i s  not 
mdiooc1ive like Pl. S1oining 1vi1h 7AAD al 15 µg/100 µI in Anncxin V bulTer for fifteen 
minutes in the dark at room 1empc1111un: indico1cd cell dca1h b> necrosis. 7AAD. cells 
increased in O dosc-dcpendcn1 manner for day I. The prepondemnce of 7AAD./Annci,.in v+
cells cannol be ovcrcniphnsi7cd. The number of7AAD./Annexin V' cells incrcll.SC<I in o dose 

· 1 • l n.•nimclcrs (7AAD nnd Anncxin V) pcnnit dependent manner. Mcosunng of 1hcsc mu lip e ,- · 
• • • f 1 · The forward and side scatter plot cosily delects cell P�ISC qu11n111ic.it1on O npop OSIS. 

. . 995) 'fh' . rcnecccd in the decrease in average number of cells inshnnkogc:s (Pc:llt et (I/., I . 1s 1s 
· d h miPhl be as o n:sult of progressive loss oflhc live gate across conccn111111on. The cal o 

• • . • 01 . oul or trnnsloc.iiion of phosphnudylscnne (Vanmembrane pcnncob1l11y and pping 
f f h 1osis. opoptotic cells proceed 10 a singe o Engoland et (If., 1996). In 1he absence o P ogoc) 

r. res with primary necrosis (Krysko et al., 2008). s«ond,uy necrosis ,vhich shores many ,e::itu • . . . ' 
7AAD./Annexin V- cells rn1gh1 be on mtnns1c 

The ability of ,'.fori11ga o/eifera 10 Increase 
. . 1 · diseases. Antiprolifcro1ivc . . could be bcnclie1ol in neop asuc pro. apop1011c propcrt) ,,hich 

I ed 10 Its intrinsic apop101ic propcny \\hich . . 
/fl 1· cs might be re at ac11v11y of ,\!ori11ga olel em cnv 

bod' chromatin condensation, cell . of apopiotic ics. h.u been shown 10 cause emerging 
. fROS in carcinoma KD cells.,L., d I duce gcnc:ro11on o .. uinkage, DNA frogmentntion on n 

• CFSE. Although the DS.SGY bBS Its. was n1casurtd using.\nhprolifenuive efTcc1 of lhc exrract 
I oul inicrfcrcncc of conccn1nnlon of• I • folfo11·cd co I\J e dullcnge, the protocol 110s s1r1c1 > 
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diJTcreocc in toxlciiy 1n-,•i1-o and in-vitro ·g11 be . mi I exphuncd by the phannn.cokineucs of the
c,xtnlCL 

\Vith interest in the mcchnni�m of cell dc:i•i. funh•r. . 
..r. cd · 

u-. • .�penmen! ·was pcuorm 01 opnmum
conccntroLions. This is defined BS concen1nuions showing denLh lower than SO%. The
c.xpcrimenl sho,vcd that the mechanism of cell death might be necrosis. The three major
morPhologies of cell denth include apoplosis, cell death a.ssociated \\ilh au1ophngy and
necrosis (Krysko er al· 2008). Apop1osis is an 11c1ivc procc.ss of self destruction associa1cd
with profound SLructural changes including morphological olt.eration. increased membrane
�rmcability and nuclear c-01lof)5e chnrac1eriscd b) chromatin condensation and D A 
fragmentntion (\Vyllic er al., 1980). Two 51Jlndard cytofluoromelric methods of opop1osis 
quan1ificotion, each II.SSlly detecting distinct cellular al1crations of 1hc apop1otic process ie. 

7MD and nnnnexin V. 7AAD cvaluoics tho oherailon in plasma membrane intcgrily and 
llJllltxin V n1easun:s the 1ransloca1ion of phosphotid) lserinc from the inner 10 the oulcr layer 

of the plasma membrane. 7AJ\D SJOining hllS since been used 10 replace propidium Iodide 

(Pl) stain because o f  its abllihy 10 simuhoneously identify cells in die various stages of

apop1osis and death. Ap:in from these, it is also able 10 s1ain nccroiic cells ond it is not

rodiooc1ive like Pl. S1oining with 7AAD ot 15 µg/100 pl in Annexin V buffer for fifteen

mlnuies in the dark 01 room 1empcrotun: indicated cell death by necrosis. 7AAD. cells

increased in O dose-dependent manner for d:iy I. The preponderance of  7AAD./Anncxin 'v

ctlls cannol be overcinphnsiicd. The number of7AAD0/Anncxin 'v cc:lls incn:IISCd in a dose 
· I • I "''ramctcrs (7AAD and Anncxin V) permit

dependent manner. Mcnsunng or these mu up e ,... -

• • · f · The forward and side scalier plot easily detects cell
p�c1sc quan11ficnt1on o opoptos1s. 

Th. · necic:d in Lhc decrease in nverage number or cells 1n
shrinkages (Petit et al .. I 995). is is re . f . d th mighl be as II n:suh or progn:ss1 vc loss o 
the live gate across e-0nccntr0t1on. The ca . . 

. . 01 , ul or tronstocotion of phosphaudylsenne (Vnn
membrane pcnncob1lity and pp1ng O 

r h ocytosis. apopto11e cells proceed 10 a singe o f
Engclnnd er al., 1996). In the absence: o P og 

'th primary necrosis (Krysko et al .• 2008).

!ttOodnry necrosis \\'hich shores niany reoiures wi • . • • , 1 ., _, 0�/Anne:dn 'v cells mighl be on mtnns1c
Th b'I" f \, . / I/fl ra 10 increase nn e o I tty o , ,or,ngo a e . , 1 • diseases. Anliproliferotivc

• Id be beneficial m neop DSIIC 
pro. opoptotic property \,hich cou 

· I ed 10 its intrinsic opopcolic propeny \\hich
. 

,r. I cs m1gh1 be re ot activity of 1\/orlngo olei.Jcro cnv 
bod' s. chromltin c:ondcn.s.stion, cell . of opop1olic ,c 

!us been shown to cause crncrsms . fROS in e4rcinomo Kl3 cells.
·•· d I duce gcncrotron o 
-inkoge, DNA fragmentation on n 

I CFSE. Although the =Y hos its
. iva5 n1cas11red us ng 

Ant1prolifera1ivc effect of the excracl
1 01 lntcrfc:rcncc of  conecn11111ion of

I , (i 1101�cd to nJ c o 
Cb.ulcnge, the protocol \l'DS strict > 0 
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ccJl5/CFSE and dumtion of labeling . 

d 
. 

cd .
on to:ticity by CFSE. The number of cells dividing

,cduoc: ,n group IJ'Cal ,�,th the �tracL Tho 
. . ugh lh� Sttm very small compared 10 the 

prohfc11111ng cells, but this clln be · 
, . . 

llttnbutcd to Ilic intrinsic ability of Jurknt cells 10 
prohfcrauon. Cell proliferation is control! d b 

. 
e Y gro,,1h foctors "hich oc1h-a1es transcription 

factors that binds DNA to either tum 0 n or tum off production of proldns \\hich results in

cell division. This pathology is ,e · I'} important m ncoplostlc diseases and lhe ability of

J.lorlnga oleifera to negati�cly rcgula1e 1his mechanism migh1 probably portray some kind of

fu1uristie purpose for ,vhich it could be pursued.

/.torlnga oleifera might probably con1ain some immunomodul.otol'} compounds which

interfere ,vith CD3 ond CD28 prcstimulated Jurk.ats. T cells requires TCR signaling ond o co

reuptor stimula1ion for ac1ivo1ion. A third signaling which is also important in dc1crmining

Ille outcome of the activation is provided by stimulation of any of the over 200 accessory

molecules expressed on T cells. These occessol'}' molecules rue receptors for diverse

molecules ranging from cytokincs 10 adhesion molecules and chemoldncs c1c. The /lforf11ga

oleifera leaves might con1oin compounds \\hich might bind 10 some of the accessory

molecule, resulting in o more regulated programmed cell death. The prc-stin 1ula1ed cells died

more by opoptosis when not treated with the c.�ltllcL This death might be ns II result o f

ancrS}', bec:luse lrellred ctlls sho" lesser dcolh by npop1osis. Prc-s1imula1ed with CDJ and

CD28 rumed more cells into early opoprosis than CDJ and CD54. The T cell phenotype. o

narve T cell difTcren1io1cs 10 depend on the rype of stimulus ii receives. CDJ and CD 54 form

P3r1 of central supramolccular activating complex (cS�IAC) nnd periphcr:il SMAC (pS1'1AC)

respec1ivcly. CD54 is an adhesion molecule expressed on APCs for LFA-1 found on T cells.

h is being implicated in helping to sustllin the signal gcner:sted by allowing long term cell

in1craclions. CD28 is a costimufnto,Y m:cptor. It Is expressed by T cell and its ligand is

oarurully CDS0/86 expressed on APC lfke CD54. Bui unlike CDS4, CDS0/86 docs nor serve

. 1 b 1·,.,ond for n costimulotory ,ecep1or. II provides the
as o mere adhesion molccu e ul os a " 

, · The posith•c modulotlon of opoplosis by /llor,nga

s«ond signal required for acuvouon. • .. 
, f lhc benefits in ncoplasm1c cond111ons and

oltifera in CD3 and CD28 might point to some O · 

Immunity · 
di , used 10 distinguish dedicated memory T cells.

CCR7 Is on impor1ant surface ,norl.er bro3 > 

. . . TCR stlmularlon and tendency for o T cell to

Al011g whb CD44 and CD62L wluch indicate
. CCR7 expression is U5(d to choractcnzc types

l.lkc residency in secondol)' lymphoid organS,
1 r CCR7 by CDJ and co1g

' . in the express on o -

of memory T cells. Tite rclauve increllSC
d CDS4 stimulated cells n1ighl be lndlcath-c

llimulated T cells In cornporison ,vlth die CDJ 1111 
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of ,\{onnga oleifara ability to boost immunit). Nominal use of the cx1t11c1 hos been reported 

In TAAi os immunity boosting. This might be explained by its ability 10 increase CCR7 

�prcssion making an alread) tending to memoiy T cell tnke residency in the sccondllty

lymphoid orgnn as a central memeory T cell (T 01). Effector memory T cells (Toi) lil..c To,1

e.xpresscs CD62L and CD44 but does not ei.prcss CCR7. 
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CHAPTER SL\'. 

6.1 s�m-tARY A.NO CONCLUSION

Results obmincd in lhis stud) suggest that 1he ethanol cx1111c1 of ,\foririga oleifarn leaf

possessed a dose-<lepcndcnl errec1 on rc.inng. grooming :ind locomotion. This is II CNS

depressive effect \\hicb is possibly mediated \ia positive modulntion of GABA. Also 1hc

finding or lhis study sho1\ed 1h01 1hc ex1111c1 hos sedo1ivc, cn1icon1ulsive 11nd oJLxiogcnic

activily. The anti-<onvulsanl activity of the cxlrtlcl c1111 be concluded 10 be vin its

ncuroprotec1ive ability. Our da111 h4ve shown that cthllllol of cxu:ic1 J.forl11ga ale,farn leaf has

on onti-ncuroinOan1mo1ory property related 10 inhibition of inOammotion ossociatcd by NO,

PGE ond TNF-<i production. Also the an1i-neuroinOamm111ory principles ore abundant in the

polar Crnction o r  the leaves of ethanol cx1roc1 of j\forl11J:t1 oft/fcro 11hich resulted in isolation

of isoquercetin. kocmpfcrol and rutin. lwqucrcc1in lltld kllempfcrol possessed very good

o.ntinueroinOrunmo1ory effect mcdiot�tl 1hrough NF-KB, while rulin proved 10 be more flOICnl

in protcc1ing ogoinst peripheral immunity. On the 01eroll, ,\loringn olc,farn possessed o

beneficial immunomodulator) actil•it).

Contribu1ions 10 Kno1vlcdge 

} Lc.lf cXlrOCt t.lorlngn olef/ero is scien1ific.ill} dcmonstrotcd 10 ha1c ccnuol effe cts.

,. Lc.lf ex1n1c1 of ,llorl11go olcifcrn is cndo11cd 11i1h onti-Alzhcimcr"s property. 

,. The leaf cxtrocl of l\lori11ga oftf/ero increase expression of CCR7 '"hich provides the

basis for its use In immunil} t,oosting.
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