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noitcudortnI … 

                 noitcudortni  

 

 0005 aidnI ni devlove neeb sah ”adevruyA“ metsys erac htlaeh tneicnA ehT

 dna htlaeh doog gnitomorp no sesucof ylniam metsys adevruyA naidnI .oga sraey

s adevruyA ehT .secitcarp efil yhtlaeh gnitpada yb sesaesid fo noitneverp  fo metsy

 dlrow eht fo strap rehto nI .”efiL fo ecneicS“ sa gninaem etairporppa sti sah enicidem

 enicidem yratnemelpmoc eht sa desu si metsys erac htlaeh siht )7102 ,fforhS(  larur nI .

l ni desu era stnalp 0057 tuoba yletamixorppa aidnI fo snoiger labirt dna  namuh laco

 sseldnuob htiw erutan yb dewotseb si yrtnuoc ruO .metsys erac htlaeh lamina dna

 nI .”dlrow eht fo nedrag enicideM“ sa ti ecudortni ot nosaer ,stnalp lanicidem fo htlaew

)senicidem labreh( senicidem desab tnalp eht ,metsys erac htlaeh lanoitidart   gniyalp era

 ,senicidem labreh eht rof dnamed desaercni ediwdlrow ni stluser hcihw elor rojam

 .cte ,slacituecartun ,stnemelppus doof ,slacituecamrahp )6102 ,ramuK( .  labreH

 dna lanicidem rieht rof stnalp fo noitazilitu eht si enicidemotyhp ro enicidem

areht  laicifeneb rieht tibihxe tnalP .sesaesid fo noitaroilema rof laitnetop cituep

 .meht ni tneserp setilobatem yradnoces fo snoitanibmoc eht ot eud stceffe lanicidem

 tneidergni evitca era hcihw slacimehcotyhp sa nwonk era stcudorp yradnoces esehT

f elbisnopser  flesti tnalp rof elor laitnesse gniyalp sediseB .seitreporp cituepareht ro

 dna namuh ni tceffe lanicidem laitnetop evah ot nwonk era lacimehcotyhp eseht

 elpmaxe roF .llew sa slamina devlovni era slacimehcotyhp emos   ecnefed tnalp ni

m suoirav tsniaga metsys  dna ,stceffe cixototyc rieht gnitibihxe yb negohtap laiborci

 slamina dna namuh ni enicidem laiborcimitna sa desu eb osla nac suht ( niksirB , )0002 . 

  tsav a tsniaga skrow taht metsys ecnefed larutan s’ydob si metsys enummI

 dna etanni nI .sesaesid fo yteirav  fo sepyt tnereffid era ereht metsys enummi evitpada

 fo trap era taht sllec gnitneserp negitna dna sllec rellik larutan ,segahporcam ekil sllec

 metsys enummi xelpmoc )1102 ,anahcrA(  gnisserppus dna gnitalumits fo ssecorp ehT .

uoirav gniruc rof metsys enummi  sa nwonk si sredrosid dna sesaesid s

 gnisserppus dna gniyfilpma fo elbapac era hcihw secnatsbus ehT .noitaludomonummI

 dna stnalumitsonummi dellac era metsys enummi fo stnenopmoc ro sllec tnereffid

 ylevitcepser ,stnasserppusonummi  amrahS( ,.la te  )7102 orP .  fo stcud

 enummi fo noitareneg eht rof segahporcam ylniam tegrat stnalp yrotaludomonummi
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 enummiotua fo lortnoc eht rof desu eb dluoc stnega tnasserppusonummi ehT .esnopser

oitcaer enummi ytivitisnesrepyh ,esaesid tsoh susrev tfarg ,noitcejer tfarg ,sesaesid  n

 hR fo noitneverp rof noisserppusonummi evitceles dna )epyt deyaled ro etaidemmi(

 nrobwen eht fo esaesid citylomeh  anahcrA( .la te  ;1102 ,  hgniS .la te )6102 ,   .  

 ,eniropsolcyc ekil sredrosid lacigolonummi gnitaert rof desu era sgurd citehtnyS

ioretsocitroc  edis elbarisednu wohs osla sgurd eseht ,revewoh .cte enirpoihtaza ,sd

 cte noisserppus worram enob ,ainepotycobmorht ,aimeana ,yticixotorhpen ekil stceffe

 ideejaM( .la te )5102 ,  enummiotua dna noitcejer tfarg rof ygetarts citueparehT .

gnitibihni si redrosid  T rof noitcudsnart langis -  evitceles ni stluser hcihw noitavitca llec

 noisserppusonummi )2002 ,siniaS dna mayagasaveD(  .  

 elor tnatropmi na yalp dna ytinummi evitpada dna etanni eht etaluger senikotyC

ra senikotyc ,yllacisaB .metsys enummi eht gnitaludom ni  ralullecartxe fo puorg eht e

 ,snorefretni ,)sLI( snikuelretni fo mrof eht ni snietorpocylg ro snietorp elbulos

 eht reggirt ot metsys nailammam ni slangis sa gnitca era senikotyC .cte ,senikomehc

dem llec ro detaidem ydobitna eb dluoc hcihw ,esnopser enummi  detai  fisA( .la te  ,

)4002  enikotyc ni snoitaretla ,senikotyc fo ssenlufesu eht ni tseretni gniworG  .

 sa meht gnisu rof hcaorppa wen a reffo yam srotpecer rieht gnitegrat dna ,noisserpxe

 stegrat cituepareht  amrahS( .la te )7102 ,  ytiralimis si ereht ,ecniS .  nekcihc neewteb

 elbisaef erom semoceb enikotyc nekcihC fo esu eht metsys enummi nailammam dna

 stnavujda tnetop sa desu eb nac ti ,revoerom dna aR(  namh .la te )2102 ,  .  

 dna lacigoloisyhp suoirav gnivlovni msilobatem ciborea ot eud ydob namuh nI

p lacimehcoib  era seiceps evitcaer dna lacidar eerf detaler negyxo fo rebmun sessecor

 ,slacidar lyxordyh ,edixorepus sedulcni negyxo ot detaler lacidar eerF .decudorp

 cte edixo cirtin ,edixorep negordyh )5991 ,lawillaH(  sllec eht fo seitivitca lacimehcoiB .

t langis ekil  negyxo eseht fo tnemevlovni evah cte noitpircsnart eneg ,noitcudsnar

 yrotaluger gnivah elucelom gnillangis laicurc era hcihw )ON( edixo cirtin dna slacidar

 ,noisehda setycokuel ,sllec elcsum htooms ralucsav fo noitarefilorp sa hcus noitcnuf

ergga steletalp  cte sisenegoigna ,noitag )0002 ,zrotS dna gnehZ(  eht fo noitcudorP  .

 .noitadixo yb selucelomoib ot egamad esuac yam ssecxe ni slacidar eerf detaler negyxo

 ralucsavoidrac ,noitammalfni ,scitebaid ,egamad laruen ni stluser egamad evitadixO

a recnac ,sesaesid  dna noisnetrepyh ot sdael nac ssecxe ni negyxo ralucsav dn

 msapsosav  arattU( .la te )9002 ,  ,slacidar eerf yb egamad evitadixo eht tcaretnuoc oT .
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.metsys ecnefed sa gnitca era stnadixoitna   dna slacidar eerf eht sevomer tnadixoitnA

 fo noitamrof eht stibihni  rieht rof deriuqer snoi latem ot gnidnib yb slacidar eerf

 eht niatnoc stiurf dna stnalp lanicidem ni stneserp sdionovalf dna scilonehP .noitareneg

 era enetorac ateb dna E ,C ekil snimativ eht fo emoS .selucelom gnignevacs lacidar eerf

erp tnadixoitna rojam  detneverp si enarbmem amsalp fo noitadixorep dipiL .teid ni tnes

 negyxo evitcaer eht sezilartuen dna negyxo telgnis eht gnignevacs yb E nimativ eht yb

 slacidar  ;8991 ,iruP dna ihcgaB( 0002 ,olleireC )  suoirav evah stnalp lanicideM .

 era hcihw slacimehcotyhp  cituepareht dna laitnetop evitadixoitna rieht rof elbisnopser

non dna larutan gnieb fo esuaceb derreferp era stnadixoitna desab tnalP .tceffe -  ni cixot

 erutan )2102 ,elgnaJ dna nahbanamdaP(  ro teid ni tneserp stnadixoitna larutaN .

nicalper era stnalp labreh  era stnalp lanicidem suoiraV .stnadixoitna citehtnys eht g

 laitnetop evitadixoitna rieht rof deiduts gnieb )0102 ,uhaS dna kahaN( . 

 eb nac hcihw ,noitcudorp dna htworg no si sisahpme niam yrtsudni yrtluop nI

V .sdrib fo metsys enummi yb detceffa yllacitsard  era negohtap dna seborcim suoira

 eht ni noitaludomonummi ot dael hcihw scitoibitna drawot tnatsiser gnipoleved

 yrotaludomonummi eht ot detaler elbaliava era stroper ynaM .sdrib /msinagro detcefni

nimatsih esuac yam hcihw yrtluop ni stnalp labreh fo stceffe  fo noitaludom ,esaeler e

oc ralullec ,noitarefilorp etycohpmyl ,gnihctiws ssalc ,noisserpxe enikotyc -  rotpecer

 cte noisserpxe  amahD( la te )5102 ,.  yam deef yrtluop ni devlovni noitaraperp labreH .

ehto dna sserts gnicuder yb ssecorp cilobatem drib eht tceffa  tI .seitivitca laiborcimitna r

 gnitibihni dna airetcab laicifeneb eht fo ytivitca dna htworg eht setomorp osla

 tcart lanitsetniortsag ni airetcab cinegohtap eht fo htworg /noitazinoloc  eeL( la te  ,.

)3002  .  

 solemram elgeA ”leab“ sa nwonk ylnommoc .rroC ).L(   ot sgnoleb ,aidnI ni

eaecatuR   fo toor dna krab ,tiurf ,sevael ehT .aisA tsaehtuoS ot suonegidni dna ylimaf

 ,revef ni yltsom desu era tnalp eht fo sevaeL .seitreporp lanicidem gnivah si tnalp eht

a gnitimov ,yretnesyd ,aimeacylgopyh ,amhtsa ,niap lanimodba  cte gnillews dn agilaB(  

.la te )1102 ,  dna nietorp ,retaw ,slarenim ,nimativ fo ecruos doog a osla si leab fo tiurF .

 gnivah si tnalp siht fo sevael taht yllatnemirepxe nevorp neeb sah tI .serbif

itna ,laiborcimitna - itna ,ciseglana ,citerypitna ,yrotammalfni itna ,citebaid -  ytilitref

 seitreporp tnadixoitna dna evitcetorp oidrac )9002 ,lawragA dna nahuahC( .  eht nI

 fo sevael  solemram elgeA  tneserp era slacimehcotyhp suoirav .e.i   ,loepul ,nilegea
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oepul dna nilegeA .ninisemram ,eninaimmiks ,lonegue ,lartic ,eloenic  tnetop era taht l

itna gnivah sdnuopmoc evitcaoidrac -  ytivitca yrotammalfni  ytiaM( .la te )9002 ,  evitcA .

 eht fo setilobatem  solemram elgeA  ytivitca evisserppusonummi sti rof elbisnopser era

 smetsys latnemirepxe suoirav ni nwohs sa  atpuG( .la te )6102 , . 

peeK  erolpxe ot dennalp saw yduts tneserp ,evoba eht fo weiv ni gni

fo stcartxe sevael fo laitnetop evitadixoitna dna yrotaludomonummi   solemram elgeA

:sevitcejbo gniwollof eht htiw metsys erutluc setycohpmyl nekcihc ni .rroC ).L(  

 a lacimehcotyhp dna noitaraperP  fo tcartxe suoeuqA fo sesylan  solemram elgeA

.rroC ).L(  

  fo laitnetop yrotaludomonummi fo noitaulavE  solemram elgeA  ni tcartxe

.metsys erutluc setycohpmyl nekcihc  

  fo laitnetop evitadixoitna fo snoitaulavE  solemram elgeA tcartxe   nekcihc ni

rutluc setycohpmyl .metsys e  

  ni enikotyc tnereffid fo elor fo noitanimreteD solemram elgeA   decudni

.setyconelps nekcihc ni tceffe yrotaludomonummi  
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erutaretil fo weiver   

 

 a fo trap neeb syawla era senicidem labreh sa nwonk osla enicidem lanoitidarT

 htlaeH dlroW( OHW .dlrow eht dnuora snoitazilivic dna serutluc tnereffid

h no seiler dlrow eht fo trap retrauq eerht naht erom taht detroper )noitazinagrO  labre

 tsehcir eht fo eno sah aidnI dlrow eht dnuorA .sesaesid eht gniruc rof metsys enicidem

 tneicna si ”adevruyA“ metsys enicidem labreh ,aidnI nI .metsys lanicidem desab tnalp

alp lanicidem fo seitivitca lacigolomrahponahte suoirav sedulcni ti dna metsys  .stn

itna ,noitalumitsonummi evlovni seitivitca esehT -  ,lairetcabitna ,recnacitna ,gniga

 nac )aidevruyA( ”anaynasaR“ ni desu stnalp lanicidem suoiraV .cte noitalumitsoruen

ed osla nac eseht dna sesaesid fo yteirav tsniaga ydob eht fo ecnatsiser eht esaercni  yal

 seitivitca tnadixoitna doog ssessop ,gninoitcnuf latnem evorpmi ,gniga  ;2102 ramuK(

 amihaM .la te )2102 ,  sa dezingocer won si metsys enummi fo noitaludomonummI .

 sesaesid suoirav rof seiparehtomehc lanoitnevnoc ot evitanretla )6102 ,hgniS( . 

1.2  omonummI  stnalP lanicideM fo eloR yrotalud  

 dna stnalp lanicidem ynaM rieht   fo elbapac era taht stcudorp

 ssessop stnalp lanicideM .scituepareht sa detpecca neeb evah noitaludomonummi

nat dna sninopas ,slonehpylop ,sdionetorac ,sdionovalf ekil slacimehcotyhp suoirav  snin

 seitreporp tnadixoitna dna yrotaludomonummi rieht rof elbisnopser era hcihw .cte

(  gnahZ .la te )7002 ,  neewteb noitcaretni si metsys ecnefed detacilpmoc ehT .

 tnetepmoconummi ,esnopser enummi laromuh dna ralullec ,cificeps dna cificepsnon

era taht sllec   nac taht secnatsbus eht era srotaludomonummI .desserppus dna detalumits

 )sserppus dna setalumits( etaludom ot ytiliba gnivah citehtnys ro nigiro lacigoloib fo eb

 metsys enummi  anhtaragaN( .la te )3102 , . 

 rcam yb deyalp si elor lartnec noitalumitsonummi nI  setycolunarg dna segahpo

 .setycohpmyl B dna T htob fo noitavitca dna sisotycogahp eht esaercni hcihw

 fo esac ni esnopser enummi eht tniartser ot desu ylniam stnasserppusonummI

pitlum ,susotamehtyre supul cimetsys ,sitirhtra diotamuehr( sredrosid enummiotua  el

 .cte tnalpsnart worram enob ni noitcejer tsoh susrev tfarg ,noitcejer tfarg ,)sisorelcs

 erakaM( .la te )1002 ,  gurd evisserppusonummi sa desu era sdiocitrococulG ,yllareneG .

 nietorp eht ecneulfni yltcerid yehT .sesaesid enummiotua dna noitcejer tfarg ni
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 sdiocitrococulg ,noitammalfni fo esac nI .noitpircsnart eneg eht gniretla yb sisehtnys

 noitargim etycokuel eht stceffa taht noitalidosav dna ytilibaemrep ralucsav eht tcirtser

 noitammalfni fo etis eht ta )4102 ,retsoF dna ocnalbitsaC(  .  

d evisserppusonummI  ,aesuan ekil stceffe edis elpitlum gnivah era sgur

 worram enob ,amedeo ,aimeacylgrepyh ,niap lanimodba ,aeohrraid ,gnitimov

 .cte yticixot reddalb ,noisserppus )6002 ,lleweS dna nahK(  fo rebmun era erehT .

hw stceffe evisserppusonummi gnivah stnalp lanicidem  tnedneped esod ni desu ne

 dna detaidem llec eht tibihni ot elba era taht snoitaraperp labreh niatreC .rennam

 sredrosid lacigolonummi fo tnemtaert ni lufesu eb dluoc esnopser enummi laromuh .e.i  

usonummi eht gnitagitsevni era stsitneicS .sesaesid enummiotua  fo elor evisserpp

 stnalp lanicidem suoirav )4002 ,yeifahsriM(  devired lagnuf si A niropsolcyC .

 eniropsolcyC .noitatnalpsnart nagro ni desu yliramirp si hcihw tnasserppusonummi

 langis eht gnitibihni yb esnopser enummiotua dna enummiolla eht sesserppus

snart  rof deriuqer era hcihw seneg senikohpmyl elpitlum ot rotpecer llec T morf noissim

 sllec rosserppus T gnitceffa tuohtiw noitavitca sllec cixototyc T ,repleh T  dna gnauH(

)0102 ,oiduaG . 

 narfohgrimA .la te  )0102(   fo tcartxe cilonahtem detroper nayazrim aivlaS ii   ni

 level ecuder ,noitarefilorp etycohpmyl fo noisserppus eht deyalpsid sllec detavitca AHP

LI fo -  nigalacinuP .esnopser enummi fo noitibihni ni detluser sisotpopa decudni dna 2

 fo tiurf ni tneserp mutanarg acinuP  i noitcaer etycokuel dexim eht desserppus  n

 sllec cinegolla  eeL( .la te )8002 ,  . saunna aisimetrA   evah ot detroper

 eluspac doolb peehs tsniaga ytivitisnesrepyh epyt deyaled no tceffe evisserppusonummi

 tnalp eht fo dnuopmoc deifirup ,ninisimetrA ot eud si hcihw ecim c/blaB ni  irooN(  te

.la )4002 , . 

F  ni )lononavalfosi dna enovalfosi( sdionoval alletrih siportolypmaC   dewohs

 B dna T decudni SPL dna A noC ni ytivitca noisserppusonummi gnorts yrev

 etycohpmyl  nauX( .la te )5102 ,  fo emozihR . sumalac surocA   wohs ot detroper si

ni yb ytivitca tnasserppusonummi  doolb larehpirep namuh fo noitarefilorp eht gnitibih

 evitavired nietorp deifirup dna negotim yb decudni era hcihw sllec raelcunonom

eM(  artorh a te l. )3002 ,  nI  . egb muipes acolpireP  )edisocolpireP( edisocylg enangerp ,

i evah ot detroper si hcihw tneserp si  ni esaerced dewohs ti sa tceffe evisserppusonumm

 eb nac siht dna rennam tnedneped esod ni noitarefilorp etycohpmyl decudni A noC
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 ytivitisnesrepyh epyt deyaled ,tnemtaert sitirhtra diotamuehr rof detiolpxe  uhZ( .la te  ,

)6002 . 

2.2 ludomonummi ni enikotyc fo eloR noita  
 ,esnopser yrotammalfni ,sisatsoemoh ,sesnopser evitpada dna etanni eht gniruD

 gniganam rof elor laicurc yalp senikotyc ,cte ssecorp riaper dna sisenegoigna ,htaed llec

ro nietorp ralullecartxe elbulos era senikotyC .metsys enummi eht gnitanidrooc dna  

 rieht fo ygolomoh larutcurts no desaB .esnopser enummi eht gnitaluger snietorpocylg

 spuorg tnereffid otni dedivid era eseht srotpecer .e.i   ,snorefretni ,snikuelretni

 cte senikomehc )1002 ,miehneppO(  fo ”enomroh“ sa deredisnoc era senikotyC .

fni dna enummi  dna enircarap ,enircotua ni evaheb senikotyC .sesnopser yrotammal

 ni srotpecer llec ot gnidnib ,sllec fo rotpecer cificeps ot gnidnib yb noihsaf enircodne

 ,ecnatsid ta tneserp era taht sllec fo rotpecer ot sdnib osla nac dna ytiniciv esolc

tS .ylevitcepser  hguorht detaluger si esnopser enummi eht fo tnetxe dna htgner

 fo noitaitnereffid dna noitarefilorp ,noitavitca eht gnicneulfni yb os od yeht ,senikotyc

 esnopser enummi ni devlovni sllec  iarA( .la te )0991 ,  .  

ed yalp sllec T ,metsys enummi fo krowten eht nI  eht fo tsom sa elor evitanimret

 noitcudorp senikotyc fo nrettap eht ot gnidroccA .meht yb deterces era senikotyc

 1 epyT .stesbus 2 repleh T dna 1 repleh T otni deziretcarahc era sllec T detaitnereffid

LI senikotyc -2 LI , - NFI ,21 - NFI ,α - NFI dna β -  sllec 1 repleh T yb decudorp yltsom era γ

 esnopser enummi detaidem llec ecudni taht )8991 ,namnietS dna uaerehcnaB(  epyT .

LI senikotyc 2 - LI ,4 - LI ,5 -  etomorp hcihw sllec 2 repleh T yb decudorp yliramirp era 01

 ytinummi laromuh  GgI( gnihctiws ssalc ,rettit ydobitna ni esaercni ,noitavitca llec B yb

 sllec 2 repleh T ro 1 repleh T rehtie fo noitavitca eht ,negitna eht no gnidnepeD .)EgI ot

 noitcudorp senikotyc eht ecneulfni hcihw srucco  rekardnahC( .la te )8991 ,  .

ned dna egahporcaM p ecudorp esnopser enummi etanni fo sllec citird  yrotammalfnior

FNT( senikotyc - LI dna α -  enummi evitpada eht setaluger dna setareneg hcihw ,)1

 esnopser )5991 ,illedraleB( . 

 ot sdael hcihw ecafrus llec eht no tneserp rotpecer cificeps ot sdnib enikotyC

euqesnoc slangis ralullecartni fo edacsac fo noitavitca  noisserpxe eneg gnitanretla yltn

 srotcaf noitpircsnart tnereffid yb detaidem .e.i  PIA dna Bk FN -  senikotyc fo noiterceS .1

 sa gnitca era senikotyC .ilumits suoirujni ot eud esnopser elbicudni si llec detaelcun ni

igoloisyhp gniniatniam rof slangis ralucelom  neewteb noitcennoc a osla dna ytilibats lac
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 era seilimaf enikotyc ni seneg fo srebmun metsys naiva nI .smetsys nagro tnereffid

 slammam naht rellams )0102 ,resiaK(  dna noitibihni ,tsinoga ,tsinogatna enikotyC .

aht hcaorppa rojam era senikotyc fo noitalumits  cituepareht suoirav ni detiolpxe eb nac t

 ni tluser sllec repleh T yb decudorp noisserpxe enikotyc eht ni esaerceD .snoitacilppa

 slihponisoe dna E gI fo noitcudorp secuder )0002 ,gnuhC dna gnilritS(  sredrosiD .

 enummi ot tnavelerri eb ot desoppus era hcihw  gnitiolpxe yb detaert eb osla nac metsys

 derolpxe senikotyc suoirav fo eloR .senikotyc eht fo stceffe ciportoielp dna esrevid eht

.rednu ereh debircsed era yduts eht ni  

2.2.1 LI fo eloR - esnopser enummi ni 6  

LI - o enikotyc sa nwonk nietorpocylg aDk 12 llams a si 6  ytinummi etanni f

 esnopser enummi etanni eht fo sllec suoirav yb decudorp si ti esuaceb .e.i   ,sllec tsam

LI .sllec T tnetxe ressel ot dna ,sllec B ,sllec citirdned ,segahporcam -  eht setaludom 6

lec B fo noitarefilorp eht gnicudni yb esnopser enummi evitpada  ydobitna otni sl

LI fo level hgiH .sllec gniterces -  tnangilam ,noitammalfni ,noitcefni htiw detaicossa si 6

 fo noitaitnereffid eht secnahne osla tI .)sitirhtra diotamuehR( sesaesid enummiotua dna

LI eht gnicudni yb 2hT - DC yb noitcudorp 4 4 gnidnepeD .sllec T   dna erutan eht nopu

LI ,noitammalfni fo etis -  osla tI .snietorp esahp etuca fo noitcudorp eht setalumits osla 6

 snoitammalfni cinorhc ot etuca neewteb noitisnart ni elor tnatropmi syalp  ,nocniR(

)6002 ,yabaG ;2102 . 

2.2.2 LI fo eloR - esnopser enummi ni 01  

LI - er 01  esnopser enummi eht gnisserpus yb esnopser enummi eht setalug

LI .stceffe ciportoielp hguorht -  mrof erutam eht morf dna setyconom yb deterces si 01

 dna B ,sllec rellik larutaN .sllec citirdned dioleym dna segahporcaM ekil setyconom fo

ces osla setycohpmyl T LI eht eter - LI .level wol ta 01 -  negitna eht stceffa ylniam 01

 selucelom II ssalc CHM fo noisserpxe desaerced ni gnitluser sllec gnitneserp

LI .noitatneserp negitna ni esaerced yb detnemelpmoc -  1hT fo tfihs eht setomorp 01

ht gnicuder aiv llec 2hT otni sllec LI e - NFI dna 21 - LI eht gnisaercni dna γ - LI ,4 -  dna 5

LI - LI .31 -  fo tnempoleved eht stimil osla ti ,sesnopser enummi cinorhc eht tneverp 01

 sesnopser enummi ytivitisnesrepyh epyt deyaled dna enummiotua eht  dna agijjiB(

)3102 ,onitraM . 
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2.2.3 ammag norefretni fo eloR  

 neewteb seitiralimis eht no desab II epyt dna I epyt sa deifissalc era s’norefretnI

 ω NFI ,β NFI ,α NFI edulcni s’norefretni I epyT .srotpecer fo yticificeps dna ecneuqes

 no norefretni rehto morf sreffid γ NFI .γ NFI eht sedulcni s’norefretni II epyT dna  sisab

 yb decudorp si γ NFI .sucol lamosomorhc tnereffid yb dedocne dna rotpecer rieht fo

 evitpada ni ,.cte sllec gnitneserp negitna ,sllec rellik larutan ,sllec cixototyc T ,sllec 1hT

niruD .γ NFI eht fo recudorp rojam eht era setycohpmyl T esnopser enummi  noitcefni g

LI - LI dna 21 -  nI .esnopser enummi etanni dna γ NFI neewteb noitcennoc sa tca 81

LI fo noiterces ecudni dna negohtap eht ezingocer segahporcam ,noitcefni -  .21

 KN( sllec rellik larutan tcartta hcihw senikomehc suoirav esaeler osla segahporcaM

sllec LI dna sllec KN .noitcefni fo etis eht ta ) -  etis ta γ NFI fo noiterces eht secudni 21

 noitcefni fo ( redorhcS 4002 , )  .  

2.2.4 esahtnys edixo cirtin elbicudni fo eloR  

 yb desaercni/dereggirt eb nac )SONi( SON elbicudni fo noisserpxe ehT

.edirahccasylopopil lairetcab   noisserpxe sti tub segahporcam ni deifitnedi ylniam SONi

 nac ti ,nori dnuob nietorp rof ytiniffa na sah ON .eussit ro llec yna ni detalumits eb nac

 ecudorp segahporcam decudnI .sertnec citylatac ni nori gnivah semyzne eht tibihni

 hcihw ON fo level rehgih  esuac nac dna sllec tegrat fo AND htiw erefretni yltcerid nac

non decudni nac senikotyC .sdnarts AND fo noitatnemgarf -  eterces ot sllec enummi

 yb decudorp ON eht fo level detavelE .sllec tnecajda tceffa ot ON fo tnuoma rehgih

rtuen dna segahporcam detavitca  enummiotua dna yrotammalfni ot sdael osla slihpo

 snoisel )2102 ,asseS dna nnamretsroF(  .  

 eht gnicuder rof elbarised eb dluoc SONi fo noisserpxe fo noitaluger nwoD

 ON eht tibihni nac sdionovalf eht fo sevitavired suoiraV .esnopser yrotammalfni

A .noitcudorp  raelcun eht tibihni ot detroper erew lorefpmeaK dna nietsineG ,ninegip

FN rotcaf noitpircsnart - XOC fo noisserpxe eht stibihni hcihw Bk -  ni devlovni 2

 noitammalfni )9991 ,gnaiL( . 

 noitamrofni eht gniretla yb metsys enummi eht etaludom stnalp lanicideM

lucelom  se .e.i   .cte senomroh ,rettimsnartoruen ,enikotyc (  namlepS .la te )6002 ,  .

 egb muipes acolpireP LI( enikotyc 1hT fo noitcudorp eht sserppus ot detroper -  dna 2

NFI -  ni setyconelps morf )γ ortiv ni   .metsys iimahdlo amgitsissiF   sti dewohs
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tceffe yrotaludomonummi   yawhtap gnillangis detaidem enikotyc gnikcolb yltcerid yb

 uhZ( .la te  ydahaM ;6002 , .la te )0002 ,  morf detalosi edisonesnig a ,1bR edisonesniG .

 enikotyc yrotammalfniorp decudni SPL no tceffe yrotibihni evah ot detroper gnesnig

FNT - 7.462WAR egahporcam ni α   enil llec )3002 ,iksnilomS( . 

2.3 stnadixoitna sa stnalP  

 dna slacidar eerf fo rebmun ydob namuh ni sessecorp cilobatem cisab ot euD

 ,noitulove lacigoloib dna efil fo nigiro nI .detareneg era )SOR( seiceps negyxo evitcaer

.snoitcnuf yek gnivah era slacidar eerf  non dna citamyzne htoB -  era snoitcaer citamyzne

 ,sisotycogahp ,niahc yrotaripseR .seiceps negyxo evitcaer eht gnicudorp yltnatsnoc

 eerf gnicudorp snoitcaer citamyzne era sisehtnys nidnalgatsorp ,metsys 054 emorhcotyc

tcaer ,snoitaidar gnizinoI dna slacidar non era  sdnuopmoc cinagro htiw negyxo fo noi -

 SOR fo noitcudorp rof snoitcaer citamyzne )8991 ,irup dna ihcgaB(  hgih ot euD .

 suoirav sserts evitadixo fo esuaceB .detareneg si sserts evitadixo SOR fo noitartnecnoc

 dael dna deretla era stneutitsnoc ralullec  ekil snoitidnoc suoirav fo noitareneg ot

 ,sesaesid ralucsavoidrac ,scitebaid ,sesaesid enummiotua ,amhtsa ,sitirhtra diotamuehr

 .cte sredrosid evitarenegedoruen ,noitammalfni cinorhc ,recnac  ,amrahS dna atpuG(

)6002 . 

 p htiw slacidar eerf fo noitcaer dipaR  llec eht fo sdica yttaf detarutasnuylo

 lanoruen nI .sllec fo htaed ni stluser egamad evitadixo ralullec eht esuac senarbmem

 fo esuaceB .meht ot evitisnes era hcihw snoruen dna sllec lailg no skcatta SOR egamad

egyxo evitcaer ,sserts evitadixo desaercni eht  nilusni eht stceffa osla seiceps n

 oT .setebaid fo tnempoleved dna noissergorp ot sdael taht gnillangis ralullecartni

 ehT .metsys esnefed sa tca stnadixoitna ,SOR fo level detavele fo stceffe eht tcidartnoc

 hcneuq nac noitartnecnoc wol ta hcihw secnatsbus  yaled ot slacidar eerf eht tibihni dna

 egamad ralullec eht tibihni ot AND dna etardyhobrac ,snietorp ,sdipil fo noitadixo eht

 stnadixoitna sa nwonk era )5102 ,laP dna esmiN( . 

non dna citamyzne sa depuorg era stnadixoitnA -  desab stnadixoitna citamyzne

eht no  yb slacidar eerf eht evomer stnadixoitna citamyznE ,noitca fo msinahcem ri

non dna meht gnikaerb -  gnitrevnoc rof spets elpitlum eht sezilitu stnadixoitna citamyzne

 srotcafoc suoirav fo ecneserp eht ni retaw otni neht edixorep negordyh otni slacidar eerf

kil  enoihtatulg ,esalatac ,esatumsid edixorepuS .snoi reppoC ,esenagnaM ,norI ,cniZ e
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 nimatiV ,sdionovalf ,slonehpylop tnalP .stnadixoitna citamyzne sa gnitca era esatcuder

non sa tca E nimatiV ,C -  eerf fo noitcaer niahc eht gnitlah yb stnadixoitna citamyzne

ar  slacid )0102 ,gnohZ dna idihahS( . 

 eht fo emozihR silaniciffo rebigniZ  6 dnuopmoc evitca na sah -  si hcihw loregnig

 niks decudni VU ni deiduts ytivitca cituepareht dna tnadixoitna evah ot detroper

 htob sredrosid ortiv ni   dna oviv ni   sledom  hsohG( .la te 1102 , )  .  dnanA .la te  7002(  )

 1( enirepip diolakla taht detroper –  eht fo tiurf ni tneserp )enidirepiplyorepip  repiP

 murgin  .noitartnecnoc wol ni tneserp nehw ytivitca evitadixoitna na sah )reppap kcalB(

saercni yb ytivitca tnadixoitna citsigrenys deyalsid osla tI  yrateid fo noitprosba eht gni

.ciremrut ni tneserp 83 nimucruc  

2.4 rosserppusonummI sa enosahtemaxeD  
itna swohs hcihw diocitrococulg enangerp citehtnys si enosahtemaxeD -

 ni tnuoma ssecxe ni sdiocitrococulG .tceffe evisserppusonummi dna yrotammalfni

uac nac ydob  .sserts evitadixo ecudni dna sisotpopa llec ,noisserppus enummi es

 cinorhc dna )mret trohs( etuca eb nac sdiocitrococulg yb detareneg sserts evitadixO

 sserts fo noitarud eht nopu gnidneped )mret gnol( )1102 ,nampahC dna ohnituoC(  .  
 

  
2 :1.2 erugiF - nemid enosahtemaxeD fo erutcurts lanois  

 fo noisserpxe eht gnitaluger nwod yb noitammalfni eht tceffa sdiocitrococulG

orp fo seneg - itna fo seneg fo noisserpxe eht gnitaluger pu dna noitammalfni -

em yb decudorp snidnalgatsorp dna seneirtokueL .esnopser yrotammalfni  era enarbm

 gnillews ni esaerced ni stluser hcihw ,sdioretsocitroc yb detibihni  ,sdrahciR dna reM(

)8991 . 
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 eht gnitibihni yb ylniam evisserppusonummi sa tca enosahtemaxeD

 senikotyc etycohpmyl fo noitcudorp ecuder dna etycohpmyl fo noitarefilorp  tdimhcS(

a te .l )4991 ,  .  tnaxuB .la te  )5102(  FCM no tnemirepxe demrofrep -  llec recnac tsaerb 7

 dewohs enosahtemaxeD .sdiocitrococulg fo tceffe eht gnitaulave rof enil

FCM no tceffe eviatrefilorpitna -  sesod rehgih ,rennam tnedneped esod a ni enil llec 7

 yrotibihni dewohs 03 ot pu tceffe -  suoirav tibihni ot detroper si enosahtemaxeD .%53

 ni noitcudorp senikotyc ortiv ni   dna oviv ni   .sledom  lihsreW la te )5991( .   taht detroper

 ni enosahtemaxed oviv ni   orp fo noitcudorp eht detibihni sllec tsam esuom

FNT enikotyc yrotammalfni -α  .  inasseG .la te  )8891(   stsalborbif namuh taht detroper

 eht dewohs dna sruoh 2 rof enosahtemaxed fo noitartnecnoc tnereffid htiw detaert erew

 .rennam tnedneped esod ni norefretnI fo noitcudorp decuder  lahsraM dna lawragA

)1002(   enosahtemaxed taht detroper  sdiocitroc amsalp ot ralimis( gμ001 fo esod ta

LI gnidulcni enikotyc 2 epyt fo level eht desaercni ,)noitartnecnoc - LI ,01 -  dna 4

.CMBP namuh ni γNFI fo level eht esaerced  

 fo level eht gniretla yb stceffe tnadixoitna eht evah ot detroper enosahtemaxeD

amyzne  .esalatac ,esatumsid edixorepus ,enoihtatulg decudeR .e.i stnadixoitna cit

 ittoigaiB .la te  )6102(  ohpmyl no demrofrep tnemirepxe ni taht detroper -  llec diotsalb

 HSG fo level eht ,)redrosid evitarenegedoruen( aisatceignalet aixatA morf devired senil

gis saw  esaercnI .sruoh 42 rof erusopxe enosahtemaxed eht retfa desaercni yltnacifin

 .sserts evitadixo eht gnicuder ni spleh HSG fo level  esoJ .la te  )7991(   taht detroper

ni semyzne tnadixoitna fo level eht esaercni enosahtemaxed   ehT .tar yelwaD eugarpS

g fo level  ruoh 3 eht retfa desaercni saw esatumsid edixorepus dna esadixorep enoihtatul

.)lμ001 /gm2.0( fo esod ta enosahtemaxed fo noitartsinimda fo  

2.5 yrtluop ni stnalp lanicidem fo eloR  

 ni slamina ot enicidem dna doof eht dedivorp sah erutan ,degreme efil eht ecniS

 ,stnalp eht sa tnemnorivne emas ni gnivirhT .stnalp lanicidem ro sbreh suoirav fo mrof

 sa desu era stnalp lanicideM .smelborp htlaeh rieht eruc ot stnalp eht ezilitu slamina

 sredlohmarf roop gnoma kcotsevil ni ypareht labreh )0002 ,enoB dna slliM(  dnuorA .

 fo ecruos rojam eht gnidivorp ,yltnetsisrep gniworg neeb sah yrtsudni yrtluop ebolg eht

 secitcarp yraniretevonahte suoirav era erehT .taem dna sgge fo mrof ni nietorp lamina

 yrtluop dna htlaeh eht gnivorpmi roF .yrtsudni yrtluop ni ylnommoc etiuq desu

dorp  era ).cte yramesor ,meen ,ciremrut ,regnig ,islut ,cilrag( stcartxe labreh eht ,noitcu
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 stluser laicifeneb tibihxe ot detroper dna derolpxe gnieb  nahsraduS( .la te )0102 ,  .

 gnisaercni si scitoibitna tsniaga ecnatsiser niarts lairetcab fo ecnedicni desaercnI  taerht

 yb dezisehtnys era secnatsbus laiborcimitna suoiraV .htlaeh namuh dna lamina rof

 era stnalp eht fo slio laitnesse dna noitcudorp setilobatem yradnoces rieht gnirud stnalp

luop ni noitcefni laiborcim gnillortnoc rof scitoibitna ot evitanretla sa desu  ot euD .yrt

 dna lomyhT .sevitidda deef sa desu era eseht ,slio laitnesse eht fo noitca citcalyhporp

 laiborcimitna evah ot detroper lio emyht eht morf devired sdnuopmoc era lorcavrac

 snegohtap yrtluop fo yteirav tsniaga ytivitca  civeL( .la te )1102 , labreH .   desu era stnalp

 si hcihw esnopser enummi eht gnisserpus ro gnicnahne rof noitaludomonummi rof

.sesaesid lareves rof yparehtomehc lanoitnevnoc rof evitanretla na eb ot nevorp  

 ot dengised era sdnuopmoc eht yllausu ,metsys enicidem htapolla nredom nI

t cimim  sdnuopmoc suoiraV .seitreporp esnefed rof stnalp eht fo dnuopmoc evitca eh

 tcartxe stnalp fo snoitalumrof dna  .e.i  era sedirahccasylop ,sdionovalf ,snitcel ,sninnat

 suoirav ni derolpxe ni - ortiv   rehto dna yrotaludomonummi rieht rof detnetap dna sledom

areht  slio laitnesse dna sdionetorac ,sdionovalf ,C nimatiV fo ecneserP .stceffe cituep

 slamina ni esnopser enummi eht secnahne stnalp lanicidem ro sbreh ni tneserp  fetS(  te

.la )9002 ,  ni esaesid lariv evisserppusonummi na ,aimeana suoitcefni nekcihc nI.

,nekcihc  ( stnalp labreh arefinmos anahtiW ,acidni athcaridazA ,ailofidroc aropsoniT  )

 laromuh dna ralullec htob gnitomorp rof stceffe gnitalumits evah ot detroper erew

 gnivah noitalumrof labreH .negohtap lariv fo tceffe eht gnicuder dna esnopser enummi

ar sugarapsA  susomec  desimorpmoc enummi ni rotaludomonummi sa desu saw tcartxe

 nekcihc reliorb  feehtaL( .la te )3102 ,  .  

  eht fo rebut ,sevael ,toohs ,toor ni tneserp scitoibotyhp eht ,yrtsudni yrtluop nI

worg citsigrenys wohs ot detroper evah stnalp lanicidem dna sbreh  .stceffe gnicnahne ht

 ,sserts eht gnicuder yb msilobatem eht esaercni teid yrtluop ni sbreh eht ,yllacisaB

 ni airetcab laicifeneb fo htworg eht etomorp osla dna ytivitca laiborcimitna

 ekil stnalp lanicidem fo rebmuN .yrtluop eht fo tcart lanitsetniortsag E  acilbm

silaniciffo  , arev eolA  , ,sirgaluv sumyhT  agnol amucruC  ,  rebigniZ ,muvitas muillA

 silaniciffo  afla aflA .yrtluop ni stceffe gnicnahne htworg evah ot detroper era

( avitas ogacideM ( rewolf nroc ,) sunayc aeruatneC  rof evitidda deef sa desu era )

nicnahne  htworg eht g  hgilahK( .la te  ramuK ;1102 , .la te )3102 , . 
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 ivarahB .la te  0102( ( isluT taht detroper ) mutcnas mumicO  ahdnagawhsA dna )

( arefinmos ainahtiW  decudni muimdac eht gnicuder yb tnega sserts itna elbarimda era )

 lanicideM .yrtluop ni sserts evitadixo  fo ecruos sa desu yllaitnetop eht era stnalp

.lamina dna namuh ni stifeneb cituepareht suoirav  

2.6 solemraM elgeA  

 solemram elgeA  ot sgnoleb idniH ni leaB sa nwonk ylnommoc rroC ).L(

 eaecatuR ehtuoS dna tnenitnocbus naidnI ot evitan eert suoudiced si tI .ylimaf  aisA tsa

 lanicidem suoirav sessessop osla leaB .sudniH fo seert dercas eht fo eno osla dna

 ,sevael( eert fo trap suoirav morf detalosi era sdnuopmoc evitca suoiraV .seitreporp

.eulav lanicidem rof derolpxe era taht )tiurf dna krab  

yhcrareiH lacimonoxaT  

niK modg   :  eatnalP  

noisiviD   :  atyhpoilongaM  

ssalC   :  adispoilongaM  

redrO   :  seladnipS  

ylimaF   :  eaecatuR  

ylimaf buS  : eaedioitnaruA  

suneG        :  elgeA  

seicepS   :  solemraM elgeA  

eman laimoniB   :  solemram elgeA  

hpargonoM  

eman nommoC   :  arahdA ,leaB ,aleB ,leB ahtur  

eman cifitneicS   :   solemram elgeA .rroC ).L(  

noitaruD   :   lainnereP  

tibah htworG   :  itluM - eert dehcnarb  

ygolohproM  
solemram elgeA  21 fo thgieh niatta nac ti dezis etaredom fo eert citamora si -  51

eht tuohguorht dliw gniworg eert suoudiced si tI .retem   fo edutitla ta aidnI fo stserof
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 ynots enilakla ro lios ymaol niard llew ni worg nac tI .sayalamiH nretsew ni retem 0021

5 morf Hp gnivah lios -  eb nac tI .setamilc yrd dna hsrah ni neve llew worg osla nac tI .8

es gnitnalp hguorht ro detagaporp ylevitategev  sehcnarb ynips evah leab fo eerT .gnilde

 gnivah retsulc ni sdnuof era eert eht fo srewolF .ygolohprom sevael evitanretla dna

 llehs doow drah ro niht gnivah epahs ni dnuor ,lavo si eert eht fo tiurF .ecnanargarf

gih si plup tiurF .yteirav eht nopu gnidneped  ruovalf tnasaelp dna citamora ylh  amrahS(

)5002 ,yebuD dna . 

sesU lanoitidarT  

 rof enicidem onhte ni desu era stnalp fo stoor dna mets ,plup ,tiurf ,sevaeL

 ,amhtsa ,noitammalfni ,taert ot desu era eert eht fo sevaeL .sesaesid suoirav gnitaert

f ,aimecylgopyh  a dleiy ot desu era eert eht fo srewolF .ciseglana dna sititapeh ,egufirbe

itna sa desu si hcihw cinot -  desu si tiurF .citehtseana lacol dna citebaiditna ,ciretnesyd

sa llew sa setisarap lanitsetni ,reclu ,cihcamots ,noitapitsnoc ekil snoitidnoc cirtsag ni  

,yspelipe   ,airdnocopyh ,revef tnettimretni ,sdiohrromeh ,arelohc ,ytilibed ,diohpyt

 rof desu si toor dna mets fo noitaraperp ehT .noitatiplap traeh rof dna ,ailohcnalem

 sisairdnohcopyh ,revef tnettimretni )2002 ,rolyT dna srreboR( . 

 eliforP lacimehcotyhP  

 fo gnineercs lacimehcotyhp yranimilerP solemram elgeA  eht dewohs ,

selucelom cinagro fo rebmun fo ecnerrucco   .e.i  ,sdiolakla ,sdionovalf ,sdionepret

 .sdionaporplynehp dna sedirahccasylop ,sniramuoc ,sninnat  evitca suoiraV

rp eb ot detroper era lacimehcotyhp  ,sedisonilegea ,eninelegea ,enilegea .e.i leab ni tnese

 ,loxotohtnax ,rehte lyhtem ,nisolemram ,nilemram  ,)ADM( edyhedlaidnolam

β enorefillebmu ,edilemram ,enilemramordyhna -D-  ,loepul ,edisonarypotcalag

p lytub ,lonidroflah - 6 ,ediflus lylot - lyhtem -4-  ,elosinayxordyh detalytub ,enonamorhc

1 ,lonraohtnax ,lozihrrohtnax ,niotarepmi - yxordyh - 7,5 - yxohtemid -2- lahthpan ene -

1 ,edyhedlaxobrac - 2lyhtem - '3( - lyhtem - tub - '2 -  enoniuqarhtna )yxolyne ahdnanaM( r  te

.la )7102 , . 

tatibaH  

 tpygE ,ramnayM ,hsedalgnaB ,aknaL irS ,natsikaP ,aidnI ni evitan si tI

tbus dna sciport eht fo tsom ni dezilarutan dna daerpsediw si tI .aisA tsaehtuoS  lacipor

 seirtnuoc  .)9002 ,awrO(  
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fo laitnetop evitadixoitna dna gnitaludomonummI  solemram elgeA  

fo tceffe ehT  olemram elgeA no stcartxe fael cilonahtem dna suoeuqa s   ni

ortiv  sesnopser enummi ralullec dna laromuh dna noitarefilorp etycohpmyl   erew

yb deiduts   atpuG  .la te  ;6102 jarayikorA  .la te  7002  tcartxe sevael suoeuqa ehT .

i esaerced eht dewohs  tcartxe sevael cilonahteM .setyconelps tnereffid fo noitarefilorp n

 doolb larehpirep( CMBP ni noitarefilorp ni noitibihni dewohs osla tnalp eht fo

  .noitidnoc detalumits negotim rednu sllec )sllec raelcunonom  itnorpmaL .la te  )3002(  

cilonahte taht detroper   fo krab fo tcartxe solemram elgeA   dewohs ortiv ni  

T ,265K cimekuel ekil senil llec namuh suoirav tsniaga noitca evitarefilorpitna -

 tsaerb dna ,83oloC amonalem ,LEH cimekuelorhtyre ,ijaR diohpmylB ,takruJ diohpmyl

BMADM dna 7FCM recnac - .enil llec 132  

marbuS  maina .la te  )8002(  1 dnuopmoc evitca taht deiduts - yxordyH - 7,5 -

yxohtemiD -2-  fo sevael morf detalosi )nilemram( edyhedlaxobraC enelahthpaN  elgeA

solemram  TCH fo noitarefilorp ni esaerced dewohs noitcarf etateca lyhte ni - TH ,611 -  92

pEH dna ,cirtsag SGA ,noloc -  .sllec recnac raloevla 2  marajaR .la te   )7102(  detroper

 fo stoor fo tcartxe suoeuqa taht solemram elgeA   ni noitarefilorp llec ni esaerced dewohs

itna ni esaercnI .enil llec 7.462 WAR decudni SPL - LI enikotyc yrotammalfni -  dna 2

 yrotammalfni orp ni esaerced LI enikotyc - I dna 6 L-  decudni SPL ni devresbo saw β1

.enil llec 7.462 WAR   namhaR .la te  )6102(   eht fo laitnetop tnadixoitna deiduts

 fo tcartxe suoeuqa dna mroforolhc olemram elgeA  nwohs evah stluseR .tiurf s

vitca yrotibihni esanegyxopil dna gnignevacs lacidar eerf tnacifingis  fael cilonahtE .yti

 fo tcartxe olemram elgeA  sah ti dna ytivitca tnadixoitna tnacifingis ssessop ot detroper s

 dipil ni esaerced fo evitacidni si hcihw edyhedlaidnolam fo noitamrof eht detibihni osla

 ytivitca noitadixorep (  yddeR .la te 3102 , )   .  anhsirkamaR .la te  )5102(   taht detroper

 fo tiurf epirnu fo tcartxe cilonahtem olemram elgeA  ni esaerced eht detneverp s

non dna citamyzne - eugarpS ni stnadixoitna citamyzne -  ta metsys cirtsag tar yelwaD

 .snoitartnecnoc suoirav )4002( nattuK dna ubaS  ebaiditna eht deiduts  fo ytivitca cit

 fo tcartxe sevael cilonahtem ordyh solemram elgeA   laitnetop evitadixoitna ot noitaler ni

ni   mures fo level eht esaerced tcartxe cilonahtemordyh taht detroper yehT .star ratsiw
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 sdohtem dna slairetam  

  

 dna ygoloiB raluceloM fo tnemtrapeD eht ni tuo deirrac saw yduts tneserp ehT

 ytisrevinU tnaP .B.G ,seitinamuH dna secneicS cisaB fo egelloC ,gnireenignE citeneG

 laitnetop evitadixoitnA yduts ot mia eht htiw ragantnaP ,ygolonhceT dna erutlucirgA fo

otyc dna  ot eud noitaludomonummI detaidem enik ortiv ni   fo erusopxe solemram elgeA  

.metsys erutluc setycohpmyl nekcihc ni .rroC ).L(  

 1.3  slairetaM  
 1.1.3  desU slacimehC  

 eht ni nevig si yduts tneserp eht ni desu slacimehc fo tsiL .1.3 elbaT  

 fo tsiL :1.3 elbaT slacimehc  

.oN.S  slacimehc fo emaN  ynapmoC  
1 iD - suordyhna etahpsohp negordyh muidoS  aidemiH  
2 )HSG( decuder enoihtatulG  aidemiH  

3 3- 5,4( - lyhtemiD -2- )lyozaiht - 5,2 - lynehpid - H2 -  muilozartet
)TTM(edimorb  aidemiH  

4 ,diuqil X001 noituloS citocymitnA citoibitnA  detset nixotodnE  aidemiH  
5 lonahtE  LCFDS  
6 .R.A ,etardyhed tlas muidosid ATDE  aidemiH  
7 nituR  aidemiH  
8 980SA( OSMD - )LM005  aidemiH  
9 200MSL( pesiH - )LM001  aidemiH  
01  enilas reffub etahpsohp s’occebluD  aidemiH  
11  dica citecaorolhcirT  aidemiH  
21  iD - aN( etahpsohp negordyh muidos 2 OPH 4) aidemiH  
31  id muidoS - HaN( etahpsohp negordyh 2 OP 4) aidemiH  
41  etanobracib muidoS  aidemiH  
51  etirolhc muidoS  aidemiH  
61  reffub SEPEH  aidemiH  
71  0461 IMPR  aidemiH  
81  tnegaer sseirG  amgiS - hcirdlA  
91  X ANR -  sserp tnegaeR  aidemiH  
02  tiK sisehtnys ANDc diA treveR  scifitneicSomrehT  
12  xiM retsaM neerG REBYS  scifitneicSomrehT  
22  mroforolhC  aidemiH  
32  enosahtemaxeD  aidemiH  
42  BNTD  aidemiH  
52  niloF - tnegaer uetlacoiC  aidemiH  

 retpahC 3 
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 2.1.3   dna serawssalG ,stnempiuqE serawcitsalP  

  eht gnirud desu serawcitsalp dna serawssalg ,stnempiuqe suoiraV

ni denoitnem era noitatnemirepxe   2.3 selbaT dna  .3.3  

stnempiuqe fo tsiL :2.3 elbaT  

.oN.S  tnempiuqe fo emaN  ynapmoC  

1 epocsorcim detrevni tsartnoc esahP  nokiN  

2 OC 2 rotabucni  cifitneicS kciwsnurB weN  

3 egufirtnec detaregirfeR  ymmoT  

4 ecnalab latigiD  asicerP  

5 retem Hp  noinapmoc baL  

6 wolf ria ranimaL  noinapmoc baL  

7 rekahs muc rotabucnI  noinapmoc baL  

8 htab retaW  noinapmoc baL  

9 rerrits citengaM  eineG  

01  retemotohportcepS  uzdamihS  

11  ylbmessa noitartlif aideM  eropilliM  

21  redaer ASILE  ketoiB  

31  retemotycomeaH  reuabueN devorpmi weN  

41  settepiporciM  frodneppE  

51  ( rezeerf peeD - 08 ⁰ )C  cifitneicS kciwsnurB weN  

61  - 02 ⁰ rezeerf peeD C  FSB(tsorftseV - )543  

71  evalcotuA  hcetbaL  

81  rezilihpoyL   uzdamihS  

91  rotaropave yratoR  uzdamihS  

02  RCP relcyc omrehT emit laeR  fordneppE  

12  RCP relcyc omrehT  aidemiH  

22  onaN -  retemotohportcepS 0001 pord    cifitneics omrehT  

32   metsys noitatnemucod leG  ,LS621TA ,regamlahplA  ASU  

42   ettepip lennahcitluM  cifitneics omrehT  
 



sdohteM dna slairetaM … 

selbasopsid dna serawcitsalp ,serawssalg fo tsiL :3.3 elbaT  

.oN.S  tnemurtsni fo emaN  ynapmoC  

1 )lm51( sebut lacinoC  nosraT  

2 sksalf lacinoC  lisoroB  

3 egnirys elbasopsid esu elgniS  NAVOPSID  

4  tnegaeR )lm0001,lm005 ,lm052 ,lm001( selttob  lisoroB  

5 )lm01 ,lm5 ,lm1( settepip lacigoloreselbasopsiD  aidemiH  

6 slaiv noitavreserpoyrC  nosraT  

7 )lµ0001 ,lµ002 ,lµ01( spitorciM  nosraT  

8 setalpirtep elbasopsiD  nosraT  

9 )lm2 ,lm5.1( sebut egufirtneC  nosraT  

01  )mµ 54.0 ,mµ 22.0( sretlif egniryS  eropilliM  

11  )mµ 22.0( retlif enarbmeM  eropilliM  

21  setalp erutluc eussit llew 69  oiB reinerG - eno  

31  - 02 0 relooc inim C  nosraT  

41  setalp erutluc eussit llew 6  aidemiH  

51  sebut RCP lm2.0  nosraT  

61  sebut RCP emit laeR  yxeneG  
 

 3.1.3  slairetaM lacigoloiB  

.oN.S  slairetam fo emaN  ynapmoC  

1 )SPL( edirhccasylopopiL  amgiS  

2 )A noC( nilavanacnoC  aidemiH  

3 )AHP( ninitulggameahotyhP  aidemiH  

4 mureS enivoB lateF  aidemiH  
 

4.1.3   lairetam tnalp fo noitcelloC  

 fo sevael ehT olemram elgeA  dna bajnuP ,anaihduL morf detcelloc erew s

,secneicS lacigoloiB ,.forP .ttsA ,tawaR .S.D .rD yb detacitnehtua  ,HSBC   ,TAUPBG

.ragantnaP  
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5.1.3    sneelps nekcihc fo noitcelloC  

          snekcihc yhtlaeh morf detcelloc erew sneelps nekcihC  )nrohgeL etihW( fo  eht  ega

5 fo -  esuohrethguals lacol morf enilas reffub etahpsohp s’occebluD elirets ni skeew 7

 .yrotarobal eht ot thguorb dna D  lavorppa eu  saw noitatnemirepxe lamina rof  derucorp

ragantnaP ,TAUPBG ,eettimmoC scihtE laminA lanoitutitsnI morf  

 etalosi ot yletaidemmi dessecorp rehtruf erew sneelps nehT .)313/EGBM/HSBC/CEAI(

.snoitidnoc citpesa tcirts rednu setycohpmyl  

2.3  sdohteM  

1.2.3  fo noitaraperP  eht  tcartxe tnalp  

 fo noitaraperp eht rof detpoda saw erudecorp gniwollof ehT  solemram elgeA

 yb detroper dohtem eht rep sa )EMA( tcartxe eerhsapooR .la te  )8002(   wef htiw

.snoitacifidom  

deriuqer slairetaM  

 muc rotabucni ,sksalf lacinoc ,rednilyc gnirusaem ,retaw dellitsid  devalcotuA

 ,1.oN repap retlif namtahW ,setalp irteP ,htolc nilsum ,rekahs  yrator dna rezilihpoyl

.rotaropave  

 erudecorP  

1.  htiw neht dna retaw pat gninnur htiw dehsaw ylhguoroht saw lairetam tnalp ehT

 lairetam tnalp ,gniyrd etelpmoc retfA .gniyrd edahs rof tpek dna retaw dellitsid

 .rednirg a ni redwop enif ekam ot dednirg saw  

2.  001  fo redwop deird edahs marg solemram elgeA   fo lm 0001 ot dedda saw

.dor ssalg naelc fo pleh eht htiw yltneg dexim dna retaw dellitsid devalcotua  

3. h 84 rof C°73 ta dezinegomoh saw noitulos ehT uo  muc rotabucni na ni sr

 .rekahs  

4.  hguorht deretlif saw erutxim ehT  sretlif namtahW hguorht neht dna htolc nilsum

 .1 oN repap  

5.  ssecxe eht etaropave ot C°54 ta detaropave yrator saw tcartxe suoeuqa ehT

 deniatbo saw tcartxe eht yllaniF .gniyrd ezeerf ot detcejbus neht dna tnevlos

 ta derots dna dehgiew ,noitazilihpoyl retfa - 02 0 .esu rehtruf llit rezeerf peed ni C  
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6. .denimreted saw tcartxe tnalp eht rof dleiy egatnecrep ehT  

     :sa detaluclac saw tcartxe eht fo dleiy tnecrep ehT  

 

 ,erehW  

 gniyrd etelpmoc ro noitasilihpoyl retfa deniatbo tcartxe eht fo thgiew eht si 1W

 si 2W dna .noitaraperp tcartxe rof nekat yllaitini redwop deird eht fo thgiew eht  

2.2.3   fo sesylana lacimehcotyhP  eht tcartxe tnalp  
 suoirav fo noitceted eht rof tuo deirrac saw tcartxe tnalp eht fo sisylanA

tnalp ehT .sdnuopmoc evitcaoib dna slacimehcotyhp tnatropmi   ot detcejbus saw tcartxe

.sesylana evitatitnauq dna evitatilauq suoirav  

1.2.2.3  sesylana evitatilauQ  
 ,scilonehp fo ecneserp eht tceted ot tuo deirrac erew stset evitatilauQ

 dna onima ,nietorp ,etardyhobrac ,sninopas ,sdiolakla ,sninnat ,sdionovalf  niloretsotyhp

yb debircsed dohtem eht rep sa tcartxe tnalp eht 002( snavE dna esaerT )2   dna irawiT  te

la .)1102(.  

:scilonehP .A  

 tseT edirolhC cirreF  -  dellitsid fo lm 5 ni devlossid saw tcartxe fo gm 005

s edirolhc cirref %5 lartuen fo spord wef ,siht oT .retaw  A .dedda erew noitulo

sdnuopmoc cilonehp fo ecneserp eht detacidni ruoloc neerg krad  

:sdionovalF .B  

 tseT ainommA  -  tcartxe eht ot dedda saw noitulos ainomma %1 fo spord wef A

 fo ecneserp eht swohs noitaroloc wolley A .ebut tset a ni elpmas tnalp fo

onovalf .elpmas eht ni sdnuopmoc di  

 H2 OS 4 tseT -  a htiw detaert saw dna ebut tset ni nekat saw tcartxe eht fo gm 05

 setacidni egnaro ot noitulos eht fo ruoloc ni egnahC .dica ciruhplus fo spord wef

.elpmas eht ni sdionavalf lareves fo ecneserp eht  

  tnegaer enilaklA tseT  –  a dna ebut tset ni nekat saw tcartxe tnalp eht fo gm 05

 wolley fo noitamroF .ebut hcae ot dedda saw edixordyh muidos fo spord wef
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 eht swohs ,sselruoloc semoceb ,dica etulid fo noitidda no hcihw ,ruoloc

ionavalf fo ecneserp d .tcartxe eht ni s  

innaT .C :sn  

 tseT nitaleG  -  .dedda saw noitulos enitaleg %1 ,tcartxe tnalp eht fo gm 02 oT

 eht ni sninnat fo ecneserp eht rof noitacidni na si etatipicerp etihw fo noitamroF

.elpmas  

sloretsotyhP .D : 

 tseT s’ikswoklaS  -  ni devlossid saw tcartxe eht fo ytitnauq llamS  fo lm5

 wef ,noitulos mroforolhc deraperp evoba fo lm1 oT .yletarapes mroforolhc

 nworb fo ecneserP .dedda saw dica ciruhplus detartnecnoc fo spord

tcartxe tnalp eht ni sloretsotyhp fo ecneserp eht swohsruoloc . 

:sdiolaklA .E  

 saw tcartxe eht fo ytitnauq llamS   etulid fo spord wef htiw detaert yletarapes

 htiw tset eht rof desu erew setartlif ehT .deretlif dna dica cirolhcordyh

 eht setacidni etatipicerp nworb egnaro fo ecnaraeppa ehT .tnegaersffordnegarD

.sdiolakla fo ecneserp  

:sninopaS .F  

 tset maoF -  fo mg 5.0 ht  e  saw dna slaiv lm 2 ni nekat saw tcartxe tnalp

01 rof ylsuorogiv nekahs saw elpmas ehT .retaw fo lm 2 ni devlossid -  51

 ni tneserp era sninopas ,setunim 01 rof stsisrep decudorp maof eht fI .sdnoces

.elpmas eht  

:snietorP .G  

 tseT citorpohtnaX – e tnalp eht oT  dica cirtin fo spord wef a ,tcartx saw   .dedda

.tcartxe tnalp eht ni snietorp fo ecneserp eht swohs ruoloc wolley fo noitamroF  

:sdica onimA .H  

 tseT nirdyhniN –  saw noitulos nirdyhnin %52 fo spord wef ,tcartxe tnalp eht oT

 deliob saw noitulos eht nehT .dedda  eht fo ruoloc ni egnahC .setunim wef rof

.sdica onima fo ecneserp eht setacidni ,eulb ot noitulos  
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:setardyhobraC .I  

 tuo yrrac ot sebut tset ni retaw dellitsid lm 5 ni devlossid saw tcartxe tnalp ehT

.stset gniwollof  

 tseT s’hcsiloM  - 2 ,snoitulos evoba oT -3  noitulos lohthpan α cilohocla fo spord

.setardyhobrac fo ecneserp eht swohs gnir teloiv fo noitamroF .dedda saw  

 tset s’tcideneB  –  htiw detaert saw tcartxe tnalp fo snoitulos evoba ehT

ht swohs etatipicerp egnaro fo noitamroF .detaeh dna tnegaer s’tcideneB  e

.setardyhobrac fo ecneserp  

2.2.2.3  tcartxe tnalp eht fo sesylana evitatitnauQ  

 tnetnoc dionovalf latot dna cilonehp latot fo noitanimreted rof sisylana evitatilauQ

.tuo deirrac saw EMA ni tneserp  

A. tnetnoc cilonehp latot fo noitanimreteD  

ehp latot s’tnalP  dohtem eht yb denimreted saw tnetnoc cilon

ybdebircsed  ruosnaM la te )1102( . . 

deriuqer slairetaM  

niloF ,retaw dellitsid elbuod ,lonahtem ,dica cillaG -  ,sebut tset ,tnegaer uetlacoic

.settepip dna rednilyc gnirusaem ,sksalf lacinoc  

elpicnirP  

 si dohtem sihT  nA .lonehp fo puorg lanoitcnuf fo ytiliba noitcuder eht no desab

.snoitidnoc cisab ni ecalp sekat noi cilonehp eht fo noitcaer noitcuder dna noitadixo  

etatsgnutohpsohp fo noitcudeR - niloF( xelpmoc munedbylomohpsohp -  uetlacoic

egnahc snoi cilonehp yb )tnegaer  ,rekrad semoceb roloc ehT .eulb krad ot tnegaer eht s

 eht htiw sesaercni ytiliba noitcuder sa shtgnelevaw rehgih ylevissergorp ta gnibrosba

 .sdnuopmoc cilonehp gnisaercni  

erudecorP  

1. ossid yb deraperp erew dica cillag dna tcartxe tnalp eht fo noitulos kcotS  1 gnivl

.)v/v 05:05( erutxim retaw:lonahtem fo lm 1 ni dica cillag ro tcartxe fo gm  

2. .ebut tset a ni nekat saw tcartxe fo lm/gµ04 fo lµ05  
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3. niloF %05 fo lµ052 -  dexim dna ebut hcae ot dedda saw tnegaer uetlacoiC

.ylreporp  

4. 1 rof dnats ot dewolla saw erutxim ehT  lµ005 fo noitidda yb dewollof nim 0

.etanobrac muidos %02  

5.  gnisu lm 5 ot pu edam saw emulov lanif dna dexetrov saw erutxim ehT

.retaw dellitsid devalcotua  

6.  saw xelpmoc deruoloc eulb eht fo ecnabrosba eht noitabucni fo nim 03 retfA

gnelevaw mn 567 ta derusaem .retemotohportceps ni ht  

7. .knalb sa nekat saw tcartxe eht fo dioved erutxim ehT  

8.  dica cillaG fo evruc dradnats eht morf detaluclac saw tluseR  

sdionovalf latot fo noitanimreteD .B  

 edirolhc muinimula eht gniwollof yb denimreted saw tnetnoc dionovalf s’tnalP

c  yb debircsed yassa cirtemirolo  demhA la te )2102(. . 

deriuqer slairetaM  

 ,edirolhc muinimula ,etirtin muidos ,retaw dellitsid elbuod ,lonahtem ,nituR

.settepip dna rednilyc gnirusaem ,sksalf lacinoc ,sebut tset ,edixordyh muidos  

elpicnirP  

 muinimula taht si dohtem cirtemiroloc edirolhc muinimula fo elpicnirp ehT

C eht htiw sexelpmoc elbats dica smrof edirolhc - C eht rehtie dna puorg otek 4 - C ro 3 -  5

 dica smrof edirolhc muinimula ,noitidda nI .slonovalf dna senovalf fo puorg lyxordyh

moc elibal A eht ni spuorg lyxordyh ohtro eht htiw sexelp - B ro -  ehT .sdionovalf fo gnir

 htgnelevaw mn 015 ta detceted eb nac demrof os sexelpmoc deruoloc wolley

  .yllacirtemotohportceps  

erudecorP  
1.  nitur rof retaw dellitsid ni deraperp erew snoitulos kcots fo lm/gm 1  eht dna

.tcartxe tnalp  

2. 5( nitur fo noitulos dradnats fo snoitulid tnereffiD -  a ni nekat erew )lm/gμ04

.retaw dellitsid htiw lm 5 ot pu edam saw emulov eht dna sebut tset fo seires  

3. .ebut tset a ni nekat saw tcartxe tnalp eht fo lm/gµ001 fo lm5  
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4. m evoba eht oT ONaN %5 fo lm3.0 ,erutxi 2  lm3.0 ,nim 5 retfa nehT .dedda saw

lClA %01 fo 3  .ruoloc wolley evag hcihw dedda saw  

5.  dedda saw HOaN M1 fo lm 2 ,erutarepmet moor ta nim 6 fo noitabucni retfA

 .retaw dellitsid eht htiw lm01 ot pu edam saw emulov latot eht dna  

6.  ehT  a tsniaga derusaem saw ecnabrosba eht dna llew dexim saw noitulos

 .mn 015 ta tcartxe eht fo dioved knalb tnegaer  

7. .nitur fo evruc dradnats eht morf detaluclac saw tnetnoc dionovalf latoT  

3.2.3   tcartxe tnalp fo laitnetop tnadixoitna fo noitaulavE  

1.3.2.3    lacidar HPPD -  yassa gnignevacs  

 evitadixoitna etaulave ot demrofrep saw lacidar HPPD elbats fo gnignevacS

tcartxe tnalp eht fo laitnetop ortiv ni  saw tcartxe eht fo ytivitca tnadixoitna ehT .

,1 elbats eht fo ytivitca gnignevacs eht fo sisab eht no derusaem  1- 2 lynehpid -

yb debircsed dohtem eht ot gnidrocca lacidar eerf )HPPD( lyzardyhlyrcip erahvihS la te  .

0102( .)  

elpicnirP  

2 ,2 ehT - lynehpid -1-  rof desu ylediw si lacidar )HPPD( lyzardyhlyrcip

sdnuopmoc larutan lareves fo seitivitca gnignevacs eht gnitagitsevni   cilonehp sa hcus

 eht hguorht stnadixoitna yb degnevacs si lacidar HPPD .tnalp fo serutxim edurc ro

 neewteb noitcaer gnignevacs ehT .HPPD decuder eht gnimrof notorp a fo noitanod

,sa nettirw eb nac )AH( tnadixoitna na dna )HPPD(  

H( + )HPPD( - HPPD = )A - ( + H )A  

HPPD ot ti ecuder dna HPPD htiw tcaer stnadixoitnA -  tluser a sa dna H

 eerged ehT .wolley ot elprup morf ruoloc ni rucco egnahc ot eud sesaerced ecnabrosba

 ro sdnuopmoc tnadixoitna eht fo laitnetop gnignevacs eht setacidni noitarolocsid fo

ret ni stcartxe  yb deifitnauq eb nac segnahc ruoloc ehT .ytiliba gnitanod negordyh fo sm

 .mn 715 fo htgnelevaw a ta ecnabrosba fo esaerced gnirusaem  

deriuqer slairetaM  

    2 ,2( HPPD - lynehpid -1-  muidos ,retaw dellitsid elbuod ,lonahtem ,)lyzardyhlyrcip
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c munimula ,etirtin  gnirusaem ,sksalf lacinoc ,sebut tset ,edixordyh muidos ,edirolh

.settepip dna rednilyc  

erudecorP  

1.  retaw dellitsid ni devlossid tcartxe tnalp ehtfo snoitartnecnoc suoirav fo lµ001

5 morf gnignarlonahtem ro -  .sebut tset eht ot dedda erew lm/gµ001  

2.  .noitcaer eht detrats lonahtem ni noitulos HPPD Mm3.0fo lμ001 fo noitiddA  

3.  ta tpek dna etacilpirt ni setalp llew 69 eht ot dedda saw erutxim noitcaer ehT

03 ᵒ  .mn 715 ta derusaem saw ecnabrosba eht dna nim 03 rof C  

4. rtnoc evitisop a sa desu saw dica cibrocsA .knalb sa desu saw lonahteM dna lo  

5. .lortnoc evitagen a sa desu saw elpmas tset fo ecnesba eht ni noitulos HPPD  

6.  esaerced ot gnidrocca detaluclac saw ytivitca gnignevacs lacidar HPPD tnecreP

rof ehT .lortnoc evitagen htiw nosirapmoc ni mn715 ta ecnabrosba ni  desu alum

:swollof sa si noitaluclac rof  

𝑒𝑔𝑎𝑡𝑛𝑒𝑐𝑟𝑒𝑃 (%) 𝐻𝑃𝑃𝐷  𝑔𝑛𝑖𝑔𝑛𝑒𝑣𝑎𝑐𝑠   �
� 𝑠𝑏𝐴  𝑓𝑜  𝑒𝑣𝑖𝑡𝑎𝑔𝑒𝑛  𝑙𝑜𝑟𝑡𝑛𝑜𝑐 � 𝑠𝑏𝐴  𝑓𝑜  𝑒𝑙𝑝𝑚𝑎𝑠 �

𝑠𝑏𝐴  𝑓𝑜  𝑒𝑣𝑖𝑡𝑎𝑔𝑒𝑛  𝑙𝑜𝑟𝑡𝑛𝑜𝑐
� 001  

CI ehT .7  05 detaluclac erew seulav  morf  evruc noisserger  saw sisylana lacitsitats dna

.erawtfos RPTS gnisu )AVONNA yaw 2( enod  

 lacidar ON .2.3.2.3 -  yassa gnignevacs  

 ni stluser sti ,ON htiw stcaer seiceps negyxo evitcaer dna negyxo nehW

 dna edixo cirtiN eht fo slacidar eerf fo noitcudorp  eerF .seiceps negortin evitcaer

 nehW .snietorp suoirav htiw stcaer dna nortcele deriapnu evah edixo cirtin fo slacidar

 evitcaer ylhgih smrof ti ,slacidar edixorepus htiw stcaer edixo cirtiN

tnadixo n etirtinyxorep n snoina OONO(

 

− ecudorp noitisopmoced no hcihw )  ON dna HO  

 no derusaem saw tcartxe eht fo ytivitca tnadixoitna ehT .egamad evitadixo etaerc dna

 debircsed dohtem eht ot gnidrocca lacidar eerf fo ytivitca gnignevacs eht fo sisab eht

yb aitegaJ la te . .)4002(  

elpicnirP  

 ,Hp lacigoloisyhp tA issurportin muidos  ylsuoenatnops noitulos suoeuqa ni ed

 snoi etirtin setareneg negyxo htiw noitcaretni no edixo cirtiN .edixo cirtin setareneg
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 htiw tabmoc sregnevacs edixo cirtiN .tnegaer sseirG gnisu yb detamitse era hcihw

.snoi etirtin fo noitcudorp decuder dna negyxo r ehT  era edixo cirtin fo slacida

 a ecudorp tnegaer sseirG htiw etirtin fo noitazitozaiD .sdionovalf yb degnevacs

VU no mn 645 ta derusaem saw erehpomorhc fo ecnabrosba dna erehpomorhc -  elbisiv

CI .retemortceps 05  .detaluclac saw eulav  

deriuqer slairetaM  

 sseirG  dellitsid elbuod ,edissurportin muidos ,enilas reffub etahpsohp ,tnegaer

.settepip dna rednilyc gnirusaem ,setalp llew 69 ,retaw  

erudecorP  

1. .deraperp saw enilas reffub etahpsohp ni edissurportin muidos Mm01  

2.  fo lm 5 ni devlossid saw tnegaer sseirG fo gm 002  elbuod devalcotua

.retaw dellitsid  

3. 01 morf gnignar snoitartnecnoc suoirav ta tcartxe tnalP -  saw lm/gµ001

.lμ001 fo emulov lanif ekam ot edissurportin muidos ni dexim  

4.  setalp llew 69 ot dedda saw tcartxe tnalp fo noitartnecnoc hcae fo lµ001

.etacilpirt ni  

5. ehT  52 ta setunim 051 rof detabucni saw etalp 0 .krad ni C  

6.  dna etalp llew 69 fo llew hcae ni dedda saw noitulos sseirG fo lμ001

.mn 645 ta derusaem saw ecnabrosba  

7. noitulos sseirG dna lortnoc evitisop a sa desu saw dica cibrocsA   gnola

edissurportin muidos htiw  i  a sa desu saw elpmas tset fo ecnesba eht n

.lortnoc evitagen  

8.  eht ot gnidrocca detaluclac saw ytivitca gnignevacs lacidar ON tnecreP

 alumrof ehT .lortnoc evitagen htiw nosirapmoc ni mn715 ta ecnabrosba

:swollof sa noitaluclac rof desu  

𝑒𝑔𝑎𝑡𝑛𝑒𝑐𝑟𝑒𝑃 (%) 𝑂𝑁  𝑔𝑛𝑖𝑔𝑛𝑒𝑣𝑎𝑐𝑠   �
� 𝑠𝑏𝐴  𝑓𝑜  𝑒𝑣𝑖𝑡𝑎𝑔𝑒𝑛  𝑙𝑜𝑟𝑡𝑛𝑜𝑐 � 𝑠𝑏𝐴  𝑓𝑜  𝑒𝑙𝑝𝑚𝑎𝑠 �

𝑠𝑏𝐴  𝑓𝑜  𝑒𝑣𝑖𝑡𝑎𝑔𝑒𝑛  𝑙𝑜𝑟𝑡𝑛𝑜𝑐
� 001  

.9  CI ehT  05 detaluclac erew seulav  morf  evruc noisserger  lacitsitats dna

gnisu )AVONNA yaw 2( enod saw sisylana  .erawtfos RPTS  
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4.2.3  erutluc setycohpmyl nekcihC  

  llewsoR ni derutluc erew sneelps nekcihc yhtlaeh morf detalosi setycohpmyL

IMPR( aidem 0461 etutitsnI lairomeM kraP - 01x1 fo tnuoc llec ta )0461  7  ehT .lm/sllec

 llec elbaiv retfa deniatniam saw tnuoc llec  napyrt( dohtem noisulcxe eyd yb gnitnuoc

.retemotycomeah no )gniniats eulb  

IMPR 1.4.2.3 - noitaraperp aidem 0461  

 deriuqer slairetaM  

    htiw ylbmessa noitartlif aidem elirets ,retaw dellitsid devalcotua fo lm 0001

up muucaV ,enarbmem retlif eropilliM mµ 22.0 OCHaN %5.7,pm 3  dna citoibitna lm01 ,

itna my .rotacidni Hp , selttob stnegaer eliretS ,rerrits citengaM ,noitulos citoc  

erudecorP  

1.  IMPR fo noitaraperp eht roF -  retaw devalcotua fo tnuoma tneiciffus aidem 0461

errits citengam no decalp dna rekaeb a ni dedda saw  elirets citpesa rednu r

 .)dooh ria ranimal( noitidnoc  

2.  llit )mpr 002( gnixim elihw ylwols rekaeb eht ot dedda saw redwop fo g 4.01

 citocymitna dna citoibitna fo lm 01 .devlossid yletelpmoc saw redwop eht

iw 4.7 ot detsujda saw Hp sti dna dedda saw noitulos  eussit elirets fo pleh eht ht

 ot pu edam saw emulov eht yllaniF .)%5.7( etanobracib muidos edarg erutluc

 .retaw devalcotua erupartlu eht htiw retil eno  

3.  eht ni enarbmem retlif eropilliM mµ 22.0 hguorht deziliretsretlif saw muideM

a noitartlif aidem elirets  elirets ni desnepsid saw aidem deziliretS .ylbmess

73 ta rotabucni ni tpek erew selttoB .stouqila elpitlum ni selttob tnegaer  0  ot C

4 ta derots saw aidem eht yllaniF .ytilirets eht kcehc  0  rehtruf llit rotaregirfer ni C

( esu )5002 ,yenhserF . 

araperP 2.4.2.3 sneelps morf noisnepsus setycohpmyl fo noit  

 debircsed dohtem eht rep sa sneelps nekcihc morf detalosi erew setycohpmyL

 yb )1791( sevaerG dna yssonaJ  rednu yllacitpesa tuo deirrac erew spets eht llA .

.wolf ria ranimal  
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 deriuqeR lairetaM  

ecrof eliretS ,SBPD  ,setalp irteP eliretS ,sedils ssalg eliretS ,srossics dna sp

IMPR ,)lm 51( sebut mottob lacinoc ,)aidemiH ,peSiH( aidem noitarapes etycohpmyl -

.)aidnI ,aidemiH( SBF %01,aidem 0461  

 erudecorP  

1. IMPR gniniatnoc hsid irtep elirets mm 09 a ni decalp erew sneelpS -  .aidem 0461

 dna specrof elirets fo pleh eht htiw tuo desaet erew sneelps fo stnetnoc ehT

 .sedils ssalg elirets owt fo pleh eht htiw decnim dna srossics  

2.  hguorht dessap saw seceip eussit llams eseht morf deniatbo noisnepsus llec ehT

dezilirets( htolc nilsum  .rekaeb elirets a ni detcelloc dna )  

3.  eht rep sa noitagufirtnec tneidarg ytisned hguorht detarapes erew setycohpmyL

 yb debircsed dohtem )6791( namdeirF dna esoR  setycohpmyl fo lm 0.3 .

oc naelc lm 51 elirets a ot derrefsnart yllacitpesa saw aidem noitarapes  lacin

 sllec fo lm 8 htiwdeyalrevo ylluferac saw aidem noitarapes setycohpmyL .ebut

.noisnepsus  

4.               .erutarepmet moor ta setunim 03 rof g x 004 ta degufirtnec erew sebuT

 setycokuel raelcunylop ,setycorhtyre fo noitatnemides ot sdael noitagufirtneC

 reyal amsalp gniniatnoc saw ebut eht fo poT .setycohpmyl raelcunonom dna

etycohpmyl yb dewollof   saw setycolunarg dna etycorhtyre fo telleP .reyal

 .ebut eht fo mottob eht ta delttes  

5.       pleh eht htiw detaripsa saw reyal setycohpmyl dna nwardhtiw saw reyal amsalP

 fo emulov lauqE .ebut mottob lacinoc lm 51 elirets hserf a ot ettepip ruetsaP fo

IMPR -1  dexim dna reyal setycohpmyl detaripsa eht ot dedda saw muidem 046

.gnittepip eltneg yb  

6.   deeps wol ta erutarepmet moor ta setunim 01 rof tuo deirrac saw noitagufirtneC

 evomer ot aidem 0461 IMPR elirets eht htiw enod saw gnihsaW .g x 002 ta

myl fo secart cohp  aidem noitarapes sety   .steletalp fo rebmun eht ecuder ot dna

.SBF %01 gniniatnoc aidem eht ni dednepsus saw tellep lleC  

 gnitnuoc llec elbaiV 3.4.2.3  
01×1 ot detsujda saw tnuoc lleC 7  noisulcxe eyd eulb napyrT gnisu lm/sllec

 yb debircsed sa dohtem yenhserF  )5002(  .  
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deriuqer lairetaM  

 ,noisnepsus llec ,eyd eulb napyrt %4.0 ,lonahte %07 ,retemotycomeaH

.settepiporcim  

 erudecorP  

1. IMPR ni desnepsid erew slleC -  yna esrepsid ot ylhguoroht dexim dna 0461

frus eht gnipiw yb deraperp erew spils revoc dna sedilS .spmulc  %07 htiw eca

.lohocla  

2.  saw noisnepsus sllec eht fo lµ 01 dna ylreporp dexim saw noisnepsus slleC

.oitar 1:1 ni eyd eulb napyrt )%4.0( lµ 01 htiw dexim dna nekat  

3.  saw ettepip ,retemotycomeah fo egde eno ot derrefsnart saw noisnepsus slleC

efsnart dna dedaoler  .retemotycomeah fo rebmahc dnoces eht ot derr  

4.  stnuoc owt fo egareva ehT .detnuoc erew senil eerht yb dednuob serauqs eviF

:alumrof gniwollof eht yb devired saw noitartnecnoc dna detaluclac saw  

01 × n =C  4 5 ×  

,erehW  

)lm/sllec( noitartnecnoc llec =C  

 eht =n detnuoc sllec fo rebmun  

5.2.3   tcartxe tnalp eht fo esod cixototyc non mumixam fo noitanimreteD

setycohpmyl nekcihc ni enosahtemaxed dna  

 elpicnirP  

EMA fo ,lm/gµ0051 ot lm/gµ1 morf noitartnecnoc suoiraV  ,  ot desu saw

 esod cixototyc non mumixam eht enimreted  TTM gnisu tcartxe tnalp eht fo )DCNM(

3[ - 5,4( - lozaihtlyhtemid -2- )ly - 5,2 -  .yassa noitcuder eyd ]edimorb muilozartetlynehpid

 fo noitca eht yb ,sllec evitca yllacilobatem yb decuder si TTM muilozartet wolley ehT

tareneg ot ,semyzne esanegordyhed lairdnohcotim  sa hcus stnelaviuqe gnicuder e

 llec ot elbaemrepmi ylegral era slatsyrc nazamrof esehT .HPDAN dna HDAN

 fo noitartnecnoc ehT .sllec yhtlaeh nihtiw etalumucca erofereht ,dna senarbmem

vivrus fo rebmun eht fo evitatneserper tcerid a si demrof tcudorp nazamrof  .sllec gni
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 cirtemotohportceps yb deifitnauq eb nac nazamrof elprup ralullecartni gnitluser ehT

.mn 075 ta ecnabrosba gnikat yb snaem  

deriuqer slairetaM  
IMPR ,))SBP( enilaS reffuB etahpsohP ni lm/gm 5( noitulos eyd TTM -  0461

nirys ,setalp llew 69 ,SBF ,aidem  ,settepip elirets elbasopsid ,)mµ22.0( sretlif eg

 ,setalp irtep ,ettepip lennahcitlum  detset erutluc llec  enosahtemaxeD ( aidemiH  ,aidnI ,

C 22 H 92 OF 5 .tW .loM , - .ON SAC ,64.293 - 05 - 02 - )2  

erudecorP  

1.  aidem eht fo lm1 ni devlossid dna nekat saw tcartxe eht fo gm1  sa desu eb ot

 gnixetrov fo pleh eht htiw yletelpmoc devlossid saw tcartxe ehT .noitulos kcots

 ot dooh ria ranimal rednu retlif egnirys mµ22.0 hguorht dezilirets retlif dna

.noitidnoc elirets citpesa niatniam  

2. devlossid dna nekat saw enosahtemaxeD eht fo gm1   eb ot SBPD eht fo lm1 ni

 eht htiw yletelpmoc devlossid saw enosahtemaxeD ehT .noitulos kcots sa desu

 rednu retlif egnirys mµ22.0 hguorht dezilirets retlif dna gnixetrov fo pleh

noitidnoc elirets citpesa niatniam ot dooh ria ranimal  

3. llec etycohpmyl nekcihC 01 X 1 ta setalp llew 69 ni dedees erew s 7   .lm rep sllec

 IMPR htiw dellif no retal yeht ,dedees ton erew nmuloc tsal dna tsriF -  0461

.aidem  

4.  ni deraperp erew enosahtemaxeD dna tcartxe tnalp eht fo snoitulid suoiraV

 aidem  gnignar a lm/gµ 0051 ot lm/gµ1 morf  ,lm/gn002 ot lm/gn1 dn

.ylevitcepser  

5. irt ni tcartxe tnalp eht fo snoitulid suoirav ot desopxe erew slleC  dna etacilp

ta sruoh 86 rof detabucni  73 ᵒ OC a ni C 2 OC %5 ta rotabucni    .2  

6.  rof desu enosahtemaxed dna tcartxe eht htob rof snoitartnecnoc fo egnar ehT

 ni nevig si noitaulave yticixototyc .4.3 elbaT  

 :4.3 elbaT  non mumixam fo noitanimreted rof desu snoitartnecnoc fo egnaR
yassa TTM yb esod cixototyc  

.oN .S   stnemtaerT  snoitartnecnoc fo egnaR  
.1  solemram elgeA  tcartxe sevael suoeuqa   lm/gµ1 - lm/gµ 0051  
.2  enosahtemaxeD   lm/gn1 - lm/gn 002  
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7.  def erew sllew eht llA .devomer saw aidem eht ,revo saw doirep noitabucni sA

.)SBPD ni lm/gm5( TTM fo lµ 02 dna muidem eerf mures hserf fo lµ 051 htiw  

8. h 4 rof detabucni dna ,liof muinimula htiw derevoc saw etalp ehT uo  sr  ni

73 ta erehpsomta deifidimuh 0 OC a ni C 2 .rotabucni  

9.  sllew eht lla dna devomer saw TTM gniniatnoc aidem eht ,noitabucni retfA

.setunim 51 rof detabucni dna OSMD fo lµ 051 htiw def erew  

01 . lp llew 69 a ni yletaidemmi daer neht saw etalp noitabucni nim 51 retfA  eta

.ecnabrosba mn 075 ta redaer  

noitaluclaC  

:alumrof gniwollof eht rep sa detaluclac saw ytilibaiv tnecrep ehT  

% 𝑦𝑡𝑖𝑙𝑖𝑏𝑎𝑖𝑣 �
𝑠𝑏𝐴  𝑓𝑜  𝑑𝑒𝑡𝑎𝑒𝑟𝑡  𝑒𝑙𝑝𝑚𝑎𝑠 � 𝑠𝑏𝐴  𝑓𝑜  𝑘𝑛𝑎𝑙𝑏

𝑠𝑏𝐴  𝑓𝑜  𝑙𝑜𝑟𝑡𝑛𝑜𝑐 � 𝑠𝑏𝐴  𝑓𝑜  𝑘𝑛𝑎𝑙𝑏
� 001  

 ehT yb detaluclac saw yticixototyc tnecrep  

% 𝑦𝑡𝑖𝑐𝑖𝑥𝑜𝑡𝑜𝑡𝑦𝑐 � � 001 � % 𝑦𝑡𝑖𝑙𝑖𝑏𝑎𝑖𝑣𝑙𝑙𝑒𝑐 � 

6.2.3   tcartxe tnalp eht fo laitnetop yrotaludomonummi fo noitaulavE

 )APL( yassA noitarefilorP etycohpmyL hguorht  

e tnalp eht fo seitreporp yrotaludomonummI  APL hguorht detaulave saw tcartx

non mumixam ot sllec gnisopxe yb -  fo ecneserp ni tcartxe tnalp eht fo esod cixototyc

 dna )AHP( ninitulggameahotyhp ,)A noC( A nilavanacnoC .ziv ,snegotim suoirav

oc sa nekat saw )axeD( enosahtemaxeD .)SPL( edirahccasylopopil  nwonk a sa lortn

.diocitrococulg evisserppusonummi  

 elpicnirP  

non fo dohtem elpmis ,yassa noitarefilorp a si tI -  gnirusaem yllacificeps

 cificeps rieht retnuocne sllec B nehW .ytiliba noitarefilorp dna noitavitca setycohpmyl

llec T fo pleh eht htiw ,snegitna   .noitarefilorp ogrednu ot detalumits steg sllec B ,s

negitna yb detavitca era sllec T nehW -  ogrednu sllec T ,senikotyc dna sllec gnitneserp

 eht dna noisnapxe lanolc ot sdael sllec T dna B fo noitarefilorp ehT .noitarefilorp

nummi cificeps eht fo noitaitini  .sesnopser e  ,A nilavanacnoC

 ylevitceles era hcihw deriuqer era )ML( negotim litnel ,)AHP(nindulggameahotyhp
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sllec T etavitca  , sllec B setavitca negotim SPL saerehw  ,sevaerG dna yssonaJ(

)1791 .  eht gnisu detalumits yllaicifitra eb nac setycohpmyl ehT :snegotim gniwollof  

T :)AHP( ninitulggamehotyhP - noitavitca llec  

T :)A noC( nilavanacnoC - noitavitca llec  

B :)SPL( edirahccasylopopiL - noitavitca llec  

  dohtem eht rep sa tuo deirrac saw )APL( yassa noitarefilorp etycohpmyL

 yb debircsed  deerC .la te  )9002( . 

 deriuqeR lairetaM  

 ,ninitulggamehotyhp ,A nilavanacnoc ,etalp llew 69 mottob talF

 SBF % 01 ,)lm2( ebut frodneppe ,)SBP( enilas reffub etahpsohp ,sedirahccasylopopil

 deriuqeRsnegotiM  

  ,AnilavanacnoC[ negotim hcae rof deraperp saw lm/gµ001 fo kcotS

eahotyhP  reffub etahpsohp ni ])amgiS( edirahccasylopopil dna )aidemiH( ninitulggam

 sa tpek saw noitalumits cinegotim rof desu noitartnecnoc gnikroW .)4.7 Hp( enilas

.lm/gµ5  

 erudecorP  

1.  detnemelppus aidem 0461 IMPR ni dednepsus erew setycohpmyl detalosi ehT

 %01 htiw 01 × 1 ot detsujda saw ytisned llec eht dna SBF  7  elbaiv retfa lm/sllec

 .gnitnuoc llec  

2.  .noisnepsus setycohpmyl fo lµ 001 htiw dedees saw llew 69 fo llew hcaE

.slortnoc sa tfel erew aidem htiw sllec gniniatnoc sllew eerhT  

3. n mumixam eht ot desopxe erew slleC no -  tcartxe tnalp eht fo esod cixototyc

 ,snegotim tnereffid fo lµ5.7 fo ecneserp ni enosahtemaxeD dna .ziv   noC ,SPL

 ehT .ylevitcepser ,sllec T dna B etalumits ot desu erew hcihw AHP dna A

OC a ni sruoh 86 rof detabucni saw etalp 2 73 ta rotabucni  0    .C  

4.  sA  def erew sllew eht llA .devomer saw aidem eht ,revo saw doirep noitabucni

.)SBPD ni lm/gm5( TTM fo lµ 02 dna muidem eerf mures hserf fo lµ 051 htiw  

5. h 4 rof detabucni dna ,liof muinimulahtiw derevoc saw etalp ehT uo  ni sr

73 ta erehpsomta deifidimuh 0 OC a ni C 2 .rotabucni  



sdohteM dna slairetaM … 

6.  sllew eht lla dna devomer saw TTM gniniatnoc aidem eht ,noitabucni retfA

.setunim 51 rof detabucni dna dexim ,OSMD fo lµ 051 htiw def erew  

7.  etalp llew 69 a ni yletaidemmi daer neht saw etalp noitabucni nim 51 retfA

.ecnabrosba mn 075 ta redaer  

noitaluclaC  

:alumrof gniwollof eht rep sa detaluclac saw ytilibaiv tnecrep ehT  

% 𝑦𝑡𝑖𝑙𝑖𝑏𝑎𝑖𝑣 �
𝑠𝑏𝐴  𝑓𝑜  𝑑𝑒𝑡𝑎𝑒𝑟𝑡  𝑒𝑙𝑝𝑚𝑎𝑠 � 𝑠𝑏𝐴  𝑓𝑜  𝑘𝑛𝑎𝑙𝑏

𝑠𝑏𝐴  𝑓𝑜  𝑙𝑜𝑟𝑡𝑛𝑜𝑐 � 𝑠𝑏𝐴  𝑓𝑜  𝑘𝑛𝑎𝑙𝑏
� 001  

 detaluclac saw yticixototyc tnecrep ehT yb  

% 𝑦𝑡𝑖𝑐𝑖𝑥𝑜𝑡𝑜𝑡𝑦𝑐 � � 001 � % 𝑦𝑡𝑖𝑙𝑖𝑏𝑎𝑖𝑣𝑙𝑙𝑒𝑐 � 

7.2.3   nekcihc ni tcartxe tnalp eht fo laitnetop evitadixoitna fo noitaulavE

setycohpmyl  

  .selucelom rehto fo noitadixo eht stibihni taht elucelom a si tnadixoitna nA

er lacimehc a si noitadixO  ecnatsbus a morf negordyh ro snortcele srefsnart taht noitca

 eseht ,nrut nI .slacidar eerf ecudorp nac snoitcaer noitadixO .tnega gnizidixo na ot

 esuac nac ti ,llec a ni srucco noitcaer niahc eht nehW .snoitcaer niahc trats nac slacidar

 ot htaed ro egamad  gnivomer yb snoitcaer niahc eseht etanimret stnadixoitnA .llec eht

 gnieb yb siht od yehT .snoitcaer noitadixo rehto tibihni dna ,setaidemretni lacidar eerf

 cibrocsa ,sloiht sa hcus stnega gnicuder netfo era stnadixoitna os ,sevlesmeht dezidixo

lop ro ,dica  slonehpy te seiS(  .la )9791 , . 

  fo esod cixototyc non mumixam htiw detaert erew setycohpmyl nekcihc ehT

h 86 rof detabucni dna EMA fo lm/gµ57 uo OC ni sr 2  retfA .rebmahc rotabucni

.etasyl llec eht eraperp ot detsevrah erew sllec detaert eht noitabucni  

 etasyl llec fo noitaraperP  

  enimreted ot sllec setycohpmyl detaert EMA rof deraperp erew setasyl llec ehT

.sutats evitadixoitna eht  

reffub sisyl llec fo noitisopmoC  

 .X notirt %1.0 ,reffub SEPEH Mm001 ,lCaN Mm005  



sdohteM dna slairetaM … 

erudecorP  

1.  sllec detaert tcartxe tnalp ehT  erutluc eht morf devomer dna dezinispyrt erew

.setalp  

2.  saw tellep dna ebut egufirtnec a otni derrefsnart saw noisnepsus llec ehT

 .erutarepmet moor ta nim 5 rof mpr 0003 ta noitagufirtnec yb deniatbo  

3. t dehsaw saw tellep eht dna dedracsid saw tnatanrepus ehT  ehT .SBP htiw eciw

.ylreporp dexim dna reffub sisyl fo lμ 005 ni dednepsus neht saw tellep  

4. .C°4 ta nim 51 rof mpr 0032 ta degufirtnec saw erutxim gnitluser ehT  

5.  ta derots dna ebut hserf a ot derrefsnart saw tnatanrepus ehT -  rehtruf llit C°08

.sisylana  

3.2.7.1.  )OPL( noitadixorep dipil enarbmeM  

 fo noitamrof eht gnirusaem yb detamitse saw OPL enarbmem fo tnetxe ehT

 fo dohtem eht gnisu )ADM( edyhedlaidnolam te awakhO  .la  )9791(  fo eno si ADM .

vitadixo fo rotacidni na sa desu si tI .OPL enarbmem fo stcudorp dne eht  sllec ni sserts e

.seussit dna  

elpicnirP  

  na sa devres ,sdipil fo noitadixorep gnirud decudorp ,)ADM( edyhedlaidnolaM

 dna dica cirutibraboiht htiw stcaer ADM dohtem siht nI .noitadixorep dipil fo xedni

ikat yb derusaem si hcihw ,tcudorp deruoloc a etareneg  mn 235 ta ecnabrosba gn

.htgnelevaw  

deriuqer slairetaM  

 ,sebut tset ,ABT %1 ,ACT %5 ,)4.7 Hp( reffub etahpsohp muidos M 1.0

.sebut egufirtnec  

erudecorP  

1.  dica cibrocsa dna sllec detaert tcartxe tnalp ,sllec lortnoc detaertnu fo etasyl lleC

 erew sllec detaert .7.2.3 noitces ni debircsed sa deraperp  

2.  etahpsohp muidos M 1.0 fo lm 9.1 dna etasyl llec lm 1.0 fo erutxim a ,ylfeirB

73 ta detabucni saw )4.7 Hp( reffub  0 h 1 rof C ruo . 



sdohteM dna slairetaM … 

3.   ta degufirtnec dna ACT %5 htiw detatipicerp saw erutxim noitabucni eht retfA

 g x 0032  hserf ni derrefsnart saw tnatanrepuS .erutarepmet moor ta nim 51 rof

 .ebut  

4.  gniliob eht ni decalp dna tnatanrepus eht ot dedda saw ABT %1 fo lm 0.1 nehT

 .nim 51 rof retaw  

5.  235 ta nekat saw erutxim eht fo ecnabrosba erutarepmet moor ot gnilooc retfA

 dna mn  gnisu nietorp gm/ADM lomn ni desserpxe dna ADM ot detrevnoc saw

01×65.1 fo tneiciffeoc noitcnitxe ralom  8 M-1 mc -1. 

6.  .knalb sa devres etasyl llec fo dioved erutxim noitcaer A  

noitaluclaC  

fo )CE( tneiciffeoc noitcnitxe ralom eht gnisu yb enod saw noitaluclaC  ADM -

01 X 65.1 ,xelpmoc ABT 8 M-1 mc -1  ADM Mn sa desserpxe saw OPL fo tnuoma ehT .

.sllec etycohpmyl fo lm rep demrof  

 

,erehW  

 rotcaf noituliD = FD .e.i   01  

 emit noitabucnI =TI e.i  sruoh 1 .  

ytisned lacitpO =DO  

2.7.2.3  enoihtatulG decudeR  

 gnisu deifitnauq saw tcartxe tnalp htiw detaert etasyl llec eht ni level HSG

)9591( dohtem s'namllE  .  

elpicnirP  

5,5( BNTD htiw noitcaer sti yb derusaem si )HSG( enoihtatulg decudeR ′-

siboihtid -2- ruoloc wolley a evig ot )noitcaer s’namllE( )dica cioznebortin  tcudorp de

 lareneg ehT .mn 214 ta sbrosba taht dellac osla BNTD ,tnegaer loiht  ,tnegaeR s’namllE

5 ,erohpomorhc mrof ot HSG htiw stcaer - SG dna )BNT( dica cioznebortin oiht -  BNT

SG ehT .mn 214 ta daer eb nac ecnabrosba esohw -  yb decuder yltneuqesbus si BNT

sdohteM dna slairetaM … 

3.   ta degufirtnec dna ACT %5 htiw detatipicerp saw erutxim noitabucni eht retfA

 g x 0032  hserf ni derrefsnart saw tnatanrepuS .erutarepmet moor ta nim 51 rof

 .ebut  

4.  gniliob eht ni decalp dna tnatanrepus eht ot dedda saw ABT %1 fo lm 0.1 nehT

 .nim 51 rof retaw  

5.  235 ta nekat saw erutxim eht fo ecnabrosba erutarepmet moor ot gnilooc retfA

 dna mn  gnisu nietorp gm/ADM lomn ni desserpxe dna ADM ot detrevnoc saw

01×65.1 fo tneiciffeoc noitcnitxe ralom  8 M-1 mc -1. 

6.  .knalb sa devres etasyl llec fo dioved erutxim noitcaer A  

noitaluclaC  

fo )CE( tneiciffeoc noitcnitxe ralom eht gnisu yb enod saw noitaluclaC  ADM -

01 X 65.1 ,xelpmoc ABT 8 M-1 mc -1  ADM Mn sa desserpxe saw OPL fo tnuoma ehT .

.sllec etycohpmyl fo lm rep demrof  

 

,erehW  

 rotcaf noituliD = FD .e.i   01  

 emit noitabucnI =TI e.i  sruoh 1 .  

ytisned lacitpO =DO  

2.7.2.3  enoihtatulG decudeR  

 gnisu deifitnauq saw tcartxe tnalp htiw detaert etasyl llec eht ni level HSG

)9591( dohtem s'namllE  .  

elpicnirP  

5,5( BNTD htiw noitcaer sti yb derusaem si )HSG( enoihtatulg decudeR ′-

siboihtid -2- ruoloc wolley a evig ot )noitcaer s’namllE( )dica cioznebortin  tcudorp de

 lareneg ehT .mn 214 ta sbrosba taht dellac osla BNTD ,tnegaer loiht  ,tnegaeR s’namllE

5 ,erohpomorhc mrof ot HSG htiw stcaer - SG dna )BNT( dica cioznebortin oiht -  BNT

SG ehT .mn 214 ta daer eb nac ecnabrosba esohw -  yb decuder yltneuqesbus si BNT

sdohteM dna slairetaM … 

3.   ta degufirtnec dna ACT %5 htiw detatipicerp saw erutxim noitabucni eht retfA

 g x 0032  hserf ni derrefsnart saw tnatanrepuS .erutarepmet moor ta nim 51 rof

 .ebut  

4.  gniliob eht ni decalp dna tnatanrepus eht ot dedda saw ABT %1 fo lm 0.1 nehT

 .nim 51 rof retaw  

5.  235 ta nekat saw erutxim eht fo ecnabrosba erutarepmet moor ot gnilooc retfA

 dna mn  gnisu nietorp gm/ADM lomn ni desserpxe dna ADM ot detrevnoc saw

01×65.1 fo tneiciffeoc noitcnitxe ralom  8 M-1 mc -1. 

6.  .knalb sa devres etasyl llec fo dioved erutxim noitcaer A  

noitaluclaC  

fo )CE( tneiciffeoc noitcnitxe ralom eht gnisu yb enod saw noitaluclaC  ADM -

01 X 65.1 ,xelpmoc ABT 8 M-1 mc -1  ADM Mn sa desserpxe saw OPL fo tnuoma ehT .

.sllec etycohpmyl fo lm rep demrof  

 

,erehW  

 rotcaf noituliD = FD .e.i   01  

 emit noitabucnI =TI e.i  sruoh 1 .  

ytisned lacitpO =DO  

2.7.2.3  enoihtatulG decudeR  

 gnisu deifitnauq saw tcartxe tnalp htiw detaert etasyl llec eht ni level HSG

)9591( dohtem s'namllE  .  

elpicnirP  

5,5( BNTD htiw noitcaer sti yb derusaem si )HSG( enoihtatulg decudeR ′-

siboihtid -2- ruoloc wolley a evig ot )noitcaer s’namllE( )dica cioznebortin  tcudorp de

 lareneg ehT .mn 214 ta sbrosba taht dellac osla BNTD ,tnegaer loiht  ,tnegaeR s’namllE

5 ,erohpomorhc mrof ot HSG htiw stcaer - SG dna )BNT( dica cioznebortin oiht -  BNT

SG ehT .mn 214 ta daer eb nac ecnabrosba esohw -  yb decuder yltneuqesbus si BNT



sdohteM dna slairetaM … 

ulg β dna esatcuder enoihtat -  ,)HPDAN( etahpsohp editoelcunid enineda edimanitocin

 .esnopser eht gniyfilpma suht ;HSG eht gnilcycer dna elucelom BNT dnoces a gnisaeler

 eht morf demrof ro erutxim noitcaer eht ni tneserp yllaitini )GSSG( HSG dezidixo ynA

id dexim SG htiw HSG fo noitcaer ediflus -  HSG ot decuder yldipar si BNT  ,ajarayahtI(

)1102 . 

deriuqer slairetaM  

)enoihtatulG decuder( HSG ,BNTD %10.0 ,)dicA cilyxobraC irT( ACT %5  

erudecorP  

1. rocsa dna sllec detaert tcartxe tnalp ,sllec lortnoc detaertnu fo etasyl lleC  dica cib

.7.2.3 noitces ni debircsed sa deraperp erew sllec detaert  

2.  saw ACT %5 fo lm 9.0 dna etasyl llec fo lm 1.0 fo erutxim a ,ylfeirB

4 ta nim 51 rof g x 0032 ta degufirtnec  0 .C  

3.  eht dna BNTD %10.0 fo lm 5.1 otni dedda saw tnatanrepus fo lm 5.0 nehT

osba  .mn 214 ta nekat saw ecnabr  

 noitaluclaC  

 dna woleb nevig alumrof eht gnisu yb detaluclac saw HSG fo noitartnecnoc ehT

elpmas fo lm rep HSG fo Mm ni desserpxe erew stluser  

 

mn 214 ta ytisned lacitpO = DO  

01 × 3.1 = CE 4 

02 ,e.i ,rotcaf noituliD = FD  

)DOS( esatumsid edixorepuS 3.7.2.3  

 yb debircsed dohtem eht rep sa detamitse saw )DOS( esatumsid edixorepuS

)8991( nainamarbusalaB dna hsedaM . 

elpicnirP  

 satumsid edixorepuS snefed yramirp a sa stca )DOS( e  negyxo evitcaer tsniaga e

nitrevnoc yb )SOR( seiceps O g 2- O ot 2 H dna 2O2  ylimaf emyzne siht fo srebmeM .

sdohteM dna slairetaM … 

ulg β dna esatcuder enoihtat -  ,)HPDAN( etahpsohp editoelcunid enineda edimanitocin

 .esnopser eht gniyfilpma suht ;HSG eht gnilcycer dna elucelom BNT dnoces a gnisaeler

 eht morf demrof ro erutxim noitcaer eht ni tneserp yllaitini )GSSG( HSG dezidixo ynA

id dexim SG htiw HSG fo noitcaer ediflus -  HSG ot decuder yldipar si BNT  ,ajarayahtI(

)1102 . 

deriuqer slairetaM  

)enoihtatulG decuder( HSG ,BNTD %10.0 ,)dicA cilyxobraC irT( ACT %5  

erudecorP  

1. rocsa dna sllec detaert tcartxe tnalp ,sllec lortnoc detaertnu fo etasyl lleC  dica cib

.7.2.3 noitces ni debircsed sa deraperp erew sllec detaert  

2.  saw ACT %5 fo lm 9.0 dna etasyl llec fo lm 1.0 fo erutxim a ,ylfeirB

4 ta nim 51 rof g x 0032 ta degufirtnec  0 .C  

3.  eht dna BNTD %10.0 fo lm 5.1 otni dedda saw tnatanrepus fo lm 5.0 nehT

osba  .mn 214 ta nekat saw ecnabr  

 noitaluclaC  

 dna woleb nevig alumrof eht gnisu yb detaluclac saw HSG fo noitartnecnoc ehT

elpmas fo lm rep HSG fo Mm ni desserpxe erew stluser  

 

mn 214 ta ytisned lacitpO = DO  

01 × 3.1 = CE 4 

02 ,e.i ,rotcaf noituliD = FD  

)DOS( esatumsid edixorepuS 3.7.2.3  

 yb debircsed dohtem eht rep sa detamitse saw )DOS( esatumsid edixorepuS

)8991( nainamarbusalaB dna hsedaM . 

elpicnirP  

 satumsid edixorepuS snefed yramirp a sa stca )DOS( e  negyxo evitcaer tsniaga e

nitrevnoc yb )SOR( seiceps O g 2- O ot 2 H dna 2O2  ylimaf emyzne siht fo srebmeM .

sdohteM dna slairetaM … 

ulg β dna esatcuder enoihtat -  ,)HPDAN( etahpsohp editoelcunid enineda edimanitocin

 .esnopser eht gniyfilpma suht ;HSG eht gnilcycer dna elucelom BNT dnoces a gnisaeler

 eht morf demrof ro erutxim noitcaer eht ni tneserp yllaitini )GSSG( HSG dezidixo ynA

id dexim SG htiw HSG fo noitcaer ediflus -  HSG ot decuder yldipar si BNT  ,ajarayahtI(

)1102 . 

deriuqer slairetaM  

)enoihtatulG decuder( HSG ,BNTD %10.0 ,)dicA cilyxobraC irT( ACT %5  

erudecorP  

1. rocsa dna sllec detaert tcartxe tnalp ,sllec lortnoc detaertnu fo etasyl lleC  dica cib

.7.2.3 noitces ni debircsed sa deraperp erew sllec detaert  

2.  saw ACT %5 fo lm 9.0 dna etasyl llec fo lm 1.0 fo erutxim a ,ylfeirB

4 ta nim 51 rof g x 0032 ta degufirtnec  0 .C  

3.  eht dna BNTD %10.0 fo lm 5.1 otni dedda saw tnatanrepus fo lm 5.0 nehT

osba  .mn 214 ta nekat saw ecnabr  

 noitaluclaC  

 dna woleb nevig alumrof eht gnisu yb detaluclac saw HSG fo noitartnecnoc ehT

elpmas fo lm rep HSG fo Mm ni desserpxe erew stluser  

 

mn 214 ta ytisned lacitpO = DO  

01 × 3.1 = CE 4 

02 ,e.i ,rotcaf noituliD = FD  

)DOS( esatumsid edixorepuS 3.7.2.3  

 yb debircsed dohtem eht rep sa detamitse saw )DOS( esatumsid edixorepuS

)8991( nainamarbusalaB dna hsedaM . 

elpicnirP  

 satumsid edixorepuS snefed yramirp a sa stca )DOS( e  negyxo evitcaer tsniaga e

nitrevnoc yb )SOR( seiceps O g 2- O ot 2 H dna 2O2  ylimaf emyzne siht fo srebmeM .



sdohteM dna slairetaM … 

 dna DOSnZuC niatnoc setoyrakue tsoM .DOSeF dna DOSnM ,DOSnZuC edulcni

 fo noitareneg devlovni tI .setoyrakorp dna stnalp ni dnuof si DOSeF .DOSnM

 noitibihni eht dna noitadixo otua lollagoryp yb edixorepus  tnedneped edixorepus fo

3[ TTM eyd muilozartet eht fo noitcuder - 4( - 2 lozaihtlyhtemid 5 - 5 ,2 )lx -  lynehpid

 saw noitcaer ehT .mn 075 ta derusaem saw hcihw ,nazamrof sti ot ]edimorb muilozartet

leh hcihw ,)OSMD( edixoflus lyhtemid fo noitidda eht yb detanimret  ezilibulos ot dep

 sruoh ynam rof elbats saw devlove ruoloc ehT .noitcaer eht gnirud demrof nazamrof

 nietorp fo )gm( tnuoma eht saw DOS fo tinu eno( stinU DOS sa desserpxe saw dna

.)%05 yb noitcuder TTM eht tibihni ot deriuqer  

stnegaeR  

 )1  µ 001( lollagoryP  dellitsid fo lm 01 ni devlossid saw lollagoryp fo gm 21.0 :)M

.retaw dellitsid htiw lm001 ot detulid saw noitulos siht morf lm enO .retaw  

 )2  .retaw dellitsid fo lm 5 ni devlossid saw TTM gm 85.2 :)Mm 52.1( TTM  

 )3  .)4.7 Hp( enilas reffub etahpsohP  

udecorP er  

 ni woleb nwohs sa knalb eht dna lortnoc ,elpmas eht ni dedda erew stnegaer ehT

5.3 elbaT .)knalb( retaw dellitsid tsniaga mn 075 ta daer saw ecnabrosba ehT .  

yassa esatumsid edixorepus ni desu stnegaer tnereffiD :5.3 elbaT  

 elpmaS  lortnoC   knalB )etacilpuD(  

SBP  lm 56.0  lm 56.0  lm 56 .0  

TTM  lµ 03  lµ 03  lµ 03  

etasyl lleC  lµ 01  - - 

lollagaryP  lµ 57  lµ 57  lµ 57  
 

erutarepmet moor ta nim 5 rof detabucni erew knalb dna lortnoc ,elpmas ehT  

OSMD  lm 57.0  lm 57.0  lm 57.0  

etasyl lleC  - lµ 01  - 
noitaluclaC  

nietorp fo gm /stinu DOS sa desserpxe saw DOS  



sdohteM dna slairetaM … 

 

 

,erehW  

nietorp DOS yb noitcuder TTM fo noitibihni % = %Y  

 ,rotcaF noituliD = FD ,e.i  051  

A. dohtem eyd drofdarB yb noitamitse nietorP  

 dohtem eht rep sa tuo deirrac saw dohtem eyd drofdarB yb noitamitse nietorP

 yb debircsed )1102(eH . 

elpicnirP  

  nietorp drofdarB elpmas a ni nietorp latot fo noitartnecnoc eht erusaem oT

 yassa siht fo elpicnirp ehT .sdohtem elbailer tsom eht fo eno si yassa  gnidnib eht taht si

 ruoloc a ni stluser snoitidnoc cidica rednu eyd eissamooC ot selucelom nietorp fo

 cisab eht fo ecneserp eht serusaem yllautca dohtem sihT .eulb ot nworb morf egnahc

nietorp eht fo noitamrof ot setubirtnoc hcihw ,seudiser dica onima -  eyd .xelpmoc  

tnegaeR  

 G eulB tnaillirB eissamooC ,)ASB( nimublA mureS enivoB -  ,lonahteM ,052

 .tnegaer drofdarB ,dica cirohpsohP  

noitaraperp tnegaer drofdarB  

1. G BBC fo gm05 -  %58 lm 001 dda dna lonahtem fo lm 05 ni evlossidsaw 052

.dica cirohpsohp  

2.  dica ddA .yletelpmoc evlossid eyd eht tel dna retaw fo lm 058 otni noitulos  

3. .1.oN repap retlif namtahW fo pleh htiw deretlif saw noitulos eyD  

4. .elttob krad a ni tnegaer drofdarB tpeK  

erudecorP   

1. .deraperp saw nietorp gμ 001 ot 5 fo egnar a htiw noitulos dradnats ASB  

2. ot dedda saw ASB fo hcae lμ03 delebal  .ebut tset  
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3. sknalb fo noitaraperp rof noitulos dradnats ASB fo daetsni retaw dedda sawlμ03  

4. .llew xim dna ebut hcae ot dedda saw tnegaer drofdarB fo lm 5.1  

5. nim 51 tuoba roferutarepmet moor ta detabucni erew stnenopmoc ehT . 

6. .mn 595 ta erusaemsaw ecnabrosbA  

esalataC 4.7.2.3  
 dohtem cirtemotohportceps yb setycohpmyl nekcihc ni detamitse saw esalataC

 yb debircsed sa )4891( ibeA . 

elpicnirP  

 H fo noitisopmoced eht sesylatac esalataC 2O2 H egnar teloivartlu eht nI . 2O2 

 ehT .htgnelevaw gnisaerced htiw noitprosba ni esaercni launitnoc a swohs

H fo noitisopmoced 2O2  042 ta noitcnitxe ni esaerced eht yb yltcerid dewollof eb nac

.mn  

stnegaeR  

1. )0.7 Hp ,Mm 05( reffub etahpsohP  

a. HK Mm 05 2 OP 4 – lm 002 /g 73.1  

b. aN Mm 05 2 OPH 4 – g 24.1  5.1:1 ni dexim erew b dna a noituloS .lm 002 /

.0.7 ot detsujda saw Hp eht dna )V/V(  

2. H2O2 H % 03 fo lm 1.0 :)Mm 01( 2O2 .retaw dellitsid lm 001 ot detulid saw  

erudecorP  

 saw )SBP ni noitulid 01:1( etasyl llec fo lµ 01 dna reffub etahpsohp fo lm 2

 eht ,dedda H fo lm 1 gniddA .ettevuc eht ot derrefsnart erew stnetnoc 2O2  otni yltcerid

 rof sdnoces 03 yreve ta derusaem saw DO eht dna detrats saw noitcaer eht ,ettevuc eht

VU( htgnelevaw mn 042 ta nim 3 - .knalb retaw tsniaga )retemotohportcepS SIV  

noitaluclaC  

tca ehT H Mm sa desserpxe saw esalatac fo ytivi 2O2 niM dezilitu -1 gm -1  llec

.alumrof eht gnisu detaluclac dna etasyl  
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 a sa ASB gnisu dohtem eyd drofdarB eht fo pleh htiw enod si noitamitse nietorP

.ylsuoiverp debircsed si erudecorp ehT .dradnats  

  edixO cirtiN5.6.2.3 yassa  

 yb derusaem saw muidem eht ni segahporcam yb noitcudorp )ON( edixo cirtiN

 dohtem yassa etalporcim rheutS( nahtaN dna . 9891 ,  erew sllec hcir egahporcaM .)

 fo locotorp eht rep sa deniatbo  ellevaL .la te )2791(  sneelps nekcihc morf detalosi slleC.

 rof detabucni dna reilrae debircsed sa detalp erew ,noitagufirtnec tneidarg ytisned retfa

 ta rh 2  C°73 OC a ni 2  dehsaw erew setalp eht dna detaripsa saw aidem nehT .rotabucni

IMPR htiw eciwt - non evomer ot 0461 -  tnerehda  fo lµ 3331 .sllec  aidem htworg hserf

xe fo lμ 766 htiw gnola s lm/gm 1( SBP ni deraperp tcart  tpek saw etalP.dedda saw )kcot

73 ta noitabucni rof OC ni C�  2 h 86 rof rotabucni uo rs 001.  tnatanrepus fo stouqila l

etalp ASILE na ni llew hcae morf devomer saw diulf   lauqe na htiw detabucni dna

amgiS( tnegaer sseirG fo emulov 3 rof erutarepmet moor ta )ASU , nim 0  krad ni  ehT .

 .redaer etalp ASILE ketoiB ni denimreted sawhtgnelevaw mn 845 ta ecnabrosba

ONaN( etirtin muidos gnisu yb denimreted sawON 2 av dna dradnats a sa )  erew seul

 noitcudorp ON eht etaluclac ot evruc dradnats ehT .evruc dradnats eht morf denimreted

ONaN fo snoitulid tnereffid gnisu deraperp saw .2  

elpicnirP  

 eht gninimreted morf detamitse eb nac noitcudorp edixo cirtin detargetnI

 etirtin fo snoitartnecnoc  etirtin/etartin fo tnemerusaem ehT .stcudorp dne etartin dna

 fo xedni na sa desu ylenituor si noitartnecnoc etirtin dna etartin latot fo ro noitartnecnoc

.noitcudorp ON  

deriuqer slairetaM  

 IMPR,settepip lu002 ,etalp llew 69 ,etirtin muidoS ,stnegaer sseirG idem 0461 a 

 erudecorP  

1. 01( etirtin muidos fo noitulos dradnats fo snoitulid tnereffiD -  erew )lm/gμ002

.setalp llew 69 fo sllew tnereffid ni nekat  

2.  etabucni saw etalp eht dna sllew eht lla ni dedda saw stnegaer sseirg fo lµ 001 d 

.krad eht ni nim 03 rof ti  
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3.  enimreted ot dettolp saw evruc dradnats dna mn 845 ta nekat saw ecnabrosbA

.noitartnecnoc ON latot  

3.2.7.  ot eud seneg eht fo gniliforp noisserpxE ortiv ni  EMA fo erusopxe  

 htiw tnemtaert eht retfa detaludom senikotyc suoirav fo sisylana noisserpxE

rac saw tcartxe LI( senikotyc owt rof tuo deir - LI dna 6 -  detalosI .SONi dna )01

non mumixam htiw detaert erew setycohpmyl -  erew slleC .EMA eht fo esod cixototyc

ta detabucni sruoh 42rof C°73 OC a ni 2 .rotabucni   detalosi saw sllec morf ANR latot ehT

 ANR gnisu yb –  ot esaND htiw detaert saw ANR latot ehT .)aidemiH( tnegaer sserpX

eht saw ANR .noitanimatnocAND eht evomer n  saw ANDc .pord onan gnisu deifitnauq

eics omreht eht gniwollof yb ANR latot eht morfdezisehtnys  ANDc dia trever cifitn

eht saw ANDc .tiK sisehtnys n  evitatitnauq imes  ni eneg gnipeekesuoh htiw dekcehc

.senikotyc eht fo sisylana noisserpxe eht rof desu saw RCP evitatitnauq emit laeR .RCP  

ceps eneg fo gningised dna ecneuqes enikotyc fo laveirteR1.8.2.3  sremirp cifi  

LI fo ecneuqes SDC ehT - LI ,6 -  IBCN morf deveirter erew SONi dna 01

 yb sremirp fo gningised rof TSALB remirp otni def neht erew secneuqes ehT .esabatad

 debircsed era yduts eht ni desu sremirp fo secneuqes ehT .sretemarap eht lla gnitsujda

 ni aT 6.3 elb . 

   ezis tcudorp dna mT rieht htiw gnola remirp fo sliateD :6.3 elbaT  

 remirP
emaN  ecneuqeS   tcudorP

ezis  )Cº( mT   gnilaennA
)Cº(erutarepmet  

SONi - f 2  

SONi - r 2  

TGTAGAGGACCACCTTGTGC  

CCGACATGAGAACCGCAGTA  
pb 851  

)Cº(4.95  

)Cº( 4.95  
)Cº(35  

LI - f  01  

LI -  01  r 

GGTCCCTCTAGAACGTCATGT  

AGTCTCGCTATCCCTCCTACA  
pb 971  

)Cº( 8.95  

)Cº( 8.95  
)Cº(45  

LI - f 6  

LI - r 6  

GGTCCATCCAGACTTTCCGC  

GGGAGGACGGTTAGACTTC  
pb 181  

)Cº( 4.16  

)Cº( 4.16  
)Cº(55  

f nitcA  

r nitcA  

CCTCATTGCGCCAGTCAGT  

CACGACACAAGGGTAGAT  
pb031  

)Cº( 8.85  

)Cº(4.95  
)Cº(45  
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2.8.2.3   snegotim dna enosahtemaxed ,)EMA( tcartxe tnalp eht fo snoitanibmoC

sisylana noisserpxe enikotyc rof desu  

 rof desu saw enosahtemaxed dna EMA fo esod cixototyc non mumixaM  ortivni

 rof desu snegotim dna AXED ,EMA fo noitanibmoc tnereffiD .sllec eht fo erusopxe

 gnivig ortiv ni   noisserpxe nevig ni noitaludom fo gnitaulave rof sllec eht ot erusopxe

 ni debircsed era .7.3 elbaT  

m dna enosahtemaxed ,tcartxe fo stnemtaert suoiraV :7.3 elbaT  rof desu snegoti
sisylana noisserpxe  

spuorg tnemtaerT  snegotiM  stnemtaerT   noitartnecnoC
)lm/gμ(  

A puorG  ---  

---  ---  

EMA  57  

AXED  030.0  

B puorG   detalumits SPL
)lm/gμ5(  

---  ---  

EMA  57  

AXED  030.0  

C puorG   detalumits A noC
)lm/gμ5(  

---  ---  

EMA  57  

AXED  030.0  

 )SONi fo esac ni( D puorG
sllec dehcirne segahporcam  ---  

---  ---  

EMA  57  

AXED  030.0  
 

3.8.2.3   ANR latot eht fo noitalosI  

 dohtem eht gniwollof yb detalosi saw setycohpmyl morf ANR latoT

 rerutcafunam yb dednemmocer  fo ANR -  tnegaer sserpX ( aidemiH )  yb debircsed sa

)3991( iksnyzcmohC  .noitacifidom thgils htiw  

elpicnirP  

 nietorp gnorts( etanaycoiht enidinaug fo erutxim si tnegaer sserpX ANR

onom ni lonehp dna )tnarutaned -  yrev ANR eht evlossid hcihw noitulos esahp

ylevitceffe  taht nietorp eht edarged hcihw ,tnega ciportoahc si etanaycoiht enidinauG .

 eht etarapes noitagufirtnec yb dewollof noitidda mroforolhC.ANR htiw serefretni
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 deirrac sesahp rehto ,ANR eht evah esahp suoeuqa nA .sesahp tnereffid otni noitulos

torp dna AND eht .nie  

deriuqer slairetaM  

 CPED ,retaw detaert CPED ni lonahte %57 ,lohocla lyporposI ,mroforolhC

 ,settepiporcim ,egufirtnec ,sebut egufirtnec orcim lm 2 detaert CPED ,spit orcim detaert

X ANR - .settepiporcim ,retaw edarg ralucelom dnatnegaer sserp  

erudecorP  

1. niatniam retfa setalp erutluc eussit llew xis eht ni dedees erew slleC gni   llec eht

01 x1 fo tnuoc 7  nevig erew snegotim dna AXED ,EMA fo stnemtaert dna lm rep

 ni evoba denoitnem sa 7.3 elbaT  dna EMA rof enod saw noitabucni thginrevO .

 rof noitabucni h4 73 ta enosahtemaxed OC ni C� 2  erew sllec ehT .rotabucni

4 ta noitagufirtnec yb detellep erew sllec nehT .nwod detellep dna detsevrah o  C

X ANR fo lµ007 .ebut egufirtnec orcim lm 2 ni mpr 0051 ta setunim 5 rof -  sserp

yb dexim dna sllec eht fo sisyl rof desu saw   .gnittepip detaeper  

2. 52 ta detabucni erew selpmaS o  fo noitaicossid etelpmoc rof setunim 5 rof C

.sexelpmoc nietorpoelcun  

3.  nekahs saw ebut egufirtnec orcim eht dna dedda saw mroforolhc fo lµ002

 .sdnoces 51 rof ylsuorogiv  

4. ta enod saw setunim 5 rof noitabucnI   yb dewollof erutarepmet moor

4 ta setunim 01 rof mpr 000,31 ta noitagufirtnec o .C  

5.  .sreyal tnereffid eerht otni detarapes saw erutxim eht ,noitagufirtnec retfA

 suoeuqa dna AND gniniatnoc esahpretni ,nietorp gniniatnoc esahp cinagrO

.ANR gniniatnoc esahp  

6. ppU  orcim hserf otni derrefsnart saw ANR gniniatnoc esahp suoeuqa re

.dedda saw lohocla lyporposi fo lµ 001 dna egufirtnec  

7.  yb dewollof setunim 01 rof erutarepmet moor ta noitabucni saw ebut ehT

4 ta setunim 01 rof mpr 000,21 ta noitagufirtnec o .C  

8. ocla lyporposI  saw ANR fo noitagufirtnec nopu ,ANR eht etatipicerp loh

.detellep  
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9.  %57 fo lµ001 htiw dehsaw saw tellep dna dedracsid saw tnatanrepus ehT

4 ta etunim 1 rof mpr 005,01 ta noitagufirtneC .lonahte o .tuo deirrac saw C  

01 . rd ria saw tellep dna devomer saw tnatanrepuS .dei  

11 . esaNR fo lµ52 ni devlossid saw telleP -  ta derots dna retaw edarg ralucelom eerf

- 08 o .esu rehtruf llit C  

ANR fo noitacifirup rof tnemtaert esaND4.8.2.3  
 .AND fo noitadarged rof esaND htiw detaert erew selpmas ANR detalosI

kaerb taht esaelcunodne si esaND  esaND .sdnarts AND ni dnob retseidohpsohp eht s

ylwen eht kaerb lliw ti esiwrehto ;tnemtaert eht retfa detavitcani ro devomer eb dluohs  

ND .RCP ni AND deifilpma demrof .dohtem noitavitcani taeh yb detavitcani saw esa  

 erudecorP  

1.  erew tnenopmoc gniwolloF :ebut egufirtnec orcim ni dedda  

elpmas ANR     lµ8  

esaND      lµ1  

ND X01 reffuB esa    lµ1  

2. 73 ta noitabucnI o .enod saw setunim 03 rof C  

3. .dedda saw ATDE Mm05 fo lµ52.1  

4. 56 ta setunim 5 rof noitabucnI o .enod saw C  

5. fa sisehtnys ANDc rof dezilitu rehtruf erew selpmaS .noitacifitnauq ret  

ANR fo siserohportcele leg esoragA 5.3.8.3  

         dohtem ehT .ANR fo ytilauq eht kcehc ot enod saw siserohportcele leg esoragA

 .sdnab ANR eht evloser ylisae dluoc hcihw mrofrep ot ysae dna kciuq ,elpmis yrev saw

nod saw siserohportcelE .reffub EAT x1 ni e  

deriuqer snoituloS  

i. reffub siserohportcelE .tl1 ,EAT x05 :  

 esab sirT - g242  

 dica citeca laicalG - lm 1.75  

 )0.8 Hp( ATDE M 5.0 –  lm 001  
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 ,retaw dellitsid elbuod htiw lm 0001 ot pu edam saw emulov laniF

 moor ta derots dna devalcotua .erutarepmet  

ii . reffub gnidaol leGx6  : -  ,eulb lonehpomorb %52.0 ,lorecylg )v/w( %04(

 ,EAT fo )x1( noitartnecnoc gnikrow ni deraperp saw lonayc enelyx %52.0

4 ta derots dna dezilirets retlif 0 .C  

iii . )lm/gm01( noitulos edimorb muidihtE  –  0.1 ni devlossid saw gm 01

 muidihte fo noitartnecnoc gnikrow ehT .retaw dellitsid elbuod fo lm

4 ta krad ni derots saw tI .lm/gu 5.0 saw edimorb 0  .C  

 erudecorP  

a)  syart gnitsac dna bmoc ,knat siserohportcele ,leg fo noitaraperp ot roirP

saw ylhguoroht erew  .retaw detaert CPED devalcotua htiw deh  

b)  reffub CPED ,EAT x1 ni deraperp saw )%2.1( leg esoragA -  eraperp ot

 x1 lm 001 ni devlossid dna dehgiew saw esoraga fo g 2.1 ,leg esoraga %2.1

 saw noitulos raelc a litnu esoraga eht tlem ot gnitaeh yb EAT

fA.deniatbo  ot dedda saw edimorb muidihte,tib a leg detlem eht gnilooc ret

.lm/gµ5.0 fo noitartnecnoc a ta ti  

c)      .thgil VU rednu dezilausiv saw leg eht dna enod saw siserohportcelE  

6.8.2.3  dohtem retemortceps pordonaN yb ANR fo noitacifitnauQ  

eserp sesab suonegortiN  evig dna thgil VU eht brosba nac ANR ,AND ni tn

 saw ANR fo ytiruP .thgil VU ni mn062 fo htgnelevaw ta ecnabrosba mumixam eht

 pord onaN ni mn082 dna mn062 ta ecnabrosba fo oitar gnitaluclac yb dessessa

b denimreted saw ANR fo noitartnecnoc ehT .retemortceps  ANR fo lμ1 gnisu y

 naht rehgih eb dluohs mn082/062 fo oitar elpmas ANR erup rof ,yllareneG .elpmas

 .8.1  

sisehtnys ANDc7.8.2.3  

 otni detrevnoc sPTNd dna remirp ,esatpircsnart esrever fo ecneserp ni ANR

 emyzne esatpircsnart esreveR .elucelom dednarts elbuod seitivitca owt sah .ziv  

 trevnoc ytivitca esaremyloP .)esaelcunoxe( ytivitca H esaelcunobir dna esaremylop

 elbuod otni remirp Td ogilo fo ecneserp ni elucelom ANR dednarts elgnis eht
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AND ni ANR eht sedarged ytivitca H esaelcunobiR .AND dednarts -  ANR

NR.dirbyh  omreht eht gnisu yb ANDc fo sisehtnys rof dezilitu saw detalosi A

.tik sisehtnys ANDc dia treveR cifitneics  

 erudecorP  

1. :gniwollof sa ebut egufirtnec orcim ni dedda saw tik ni dedivorp stnegaeR  

ANR etalpmeT    gµ1  

remirp )Td( ogilO    lµ1  

esaelcuN - retaw eerf    lµ21 otpu  

 

 emulov latoT      lµ21  

2. 56 ta noitabucni erew stnenopmoc evoba ehT o setunim 5 rof C  

3. :dedda erew stnenopmoc gniwollof eht ,nehT  

reffub noitcaer X5    lµ4  

rotibihni esaNR kcoLobiR   lµ1  

xiM PTNd Mm01    lµ2  

M diAtreveR - TR V luM   lµ1  

4.  eht retfA  saw noitcaer fo emulov latot ,evoba detsil tnenopmoc eht fo noitidda

.lµ02  

5.  eht ,nehT .nevig saw nips kciuq a dna yltneg dexim erew stnenopmoc ehT

24 ta detabucni erew stnenopmoc o .setunim 06 rof C  

6. 07 ta sebut eht gnitabucni yb detanimret saw noitcaeR o  rof C .setunim 5  

7.  ta derots saw noitcaer eht fo tcudorP - 02 o  RCP emit laeR rof desu rehtruf dna C

.sisylana  

8. .eneg gnipeekesuoh htiw dekcehc erew selpmas ANDc  

8.8.2.3   eneg gnipeekesuoh nitca gniyfilpma yb ANDc fo noitamrifnoC  

 lpmet sa desu si ANDc dezisehtnys ehT  gniyfilpma yb dekcehc dna eta

 leg esoraga %2.1 .eneg gnipeekesuoh sa desu saw nitcA .eneg gnipeekesuoh
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 gnipeekesuoh eht htiw noitcaer RCP a gnitcudnoc retfa demrofrep saw siserohportcele

etamixorppa ezis fo dnab fo ecneserp  eht yb demrifnoc saw ANDc .eneg  051 dnuorayl

 .siserohportcele retfa thgil VU rednu devresbo saw taht ,pb  

 erudecorP  

 eneg gnipeekesuoh nitca gniyfilpma yb ANDc fo noitamrifnoC ni desu stnenopmoC .1

:woleb nevig   saw  

                reffuB    lµ 52.1  

                   drawroF remirP   lµ 5.0  

                   esreveR remirP   lµ 5.0  

sPTNd      lµ 5.0  

               esaremyloP qaT   lµ 5.0  

            etalpmeT    lµ 1  

    retaw dellitsid elbuoD   lµ 52.8  

  .lµ21 saw emulov noitcaer latoT .2  desnepsid dna dexim saw xim retsam evoba ehT

.gnixim etatilicaf ot nevig saw nips trohS .sebut RCP ni yllauqe  

:tnemirepxe eht ni desu erew snoitidnoc noitcaer gniwolloF .3  

petS     erutarepmeT    emiT   

   

noitarutaned laitinI .1   49 0C    etunim 3   

noitarutaneD .2   49 0C    sdnoces 03  

aennA .3 gnil    45 0                   C   sdnoces 04  

 noisnetxE .4    27 0C    etunim 1  

 noisnetxE laniF .5   27 0C    etunim 7  

.selcyc 53 rof detaeper saw 4 ot 2 petS .4  

retfA .5   leg esoraga%2.1 otno dedaol erew snocilpma fo lµ 01 ,revo saw noitcaer RCP

 VU rednu desylana erew sdnab eht dna eyd gnidaol leg fo lµ 0.2 htiw gnola

.rotanimullisnart  
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zidradnatS 9.8.2.3  fo pleh eht htiwsremirp eht fo serutarepmet gnilaenna fo noita

neidarg RCP t  

 ,seneg tnereffid fo sremirp rof erutarepmet gnilaenna eht enimreted ot redro nI

 eht fo sremirp rof egnar erutarepmet dna eliforp RCP ehT .demrofrep saw RCP tneidarg

 ni detciped si seneg .8.3 elbat  

o noitacifilpma rof emmargorp RCP tneidarG :8.3 elbaT LI ,nitcA f - LI ,6 -  dna 01
 erutarepmet gnilaenna rieht htiw SONi  

sretemaraP  emiT  erutarepmeT  

noitarutaned laitnI.1  nim 5  Cº 49  

noitarutaneD.2  ces 03  Cº 49  

gnilaennA.3  ces 04  

nitcA - 45 - Cº 75  

LI -6- 05 - Cº 55  

LI - 01 - 05 - Cº 55  

SONi - 05 - Cº 55  

noisnetxE.4  nim 2  Cº 27  

noisnetxe laniF.5  nim7  Cº 27  

elcyc forebmuN  )4 ot 2 pets morf( 53   

 
 RCP emit laeR evitatitnauq yb senikotyc fo sisylana noisserpxeevitaleR01.8.2.3  

  emit laer ni derotinom eb nac pets hcae ta elpmas AND fo noitacifilpma ehT

non eht gnizilitu yb enod saw noitacifilpma fo noitceteD .RCP -  eyd tnecseroulf cificeps

 tcudorp AND eht sA .AND dednarts elbuod fo sesab eht neewteb ni setalacretni hcihw

w esaercni  osla tnecseroulf eht sesaercni ,noitcaer RCP fo pets gnideecorp hcae hti

saem eb nac hcihw rucco BYS ,yltsoM .elcyc hcae ta deru  ANDsd sa dezilitu si neerG R

non ot sdnib hcihw ,RCP emit laer ni eyd gnidnib -  remirp ekil stcudorp RCP cificeps

noitresnI .sremid   rof dia edivorp lliw eliforp RCP eht fo dne ta evruc gnitlem fo

non fo lavomer - .ecnecseroulf cificeps  
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 erudecorP  

1. :stnenopmoc gniwollof eht gnidda yb deraperp saw erutxim noitcaer RCP  

 

ANDc etalpmeT      lµ1  

remirp drawroF Mµ01     lµ5.0  

remirp esreveR Mµ01      lµ5.0  

BYS )X2( xim retsam RCPq neerg R   lµ6  

esaelcuN - retaw eerf      lµ5.4  

 

 emulov latoT       lµ5.21   

2. .yltneg dexim erew noitcaer RCP eht fo stnetnoC  

3. :tnemirepxe eht rofdesu erew snoitidnoc noitcaer gniwolloF  

petS     erutarepmeT    emiT   

   

 laitinI .1 noitarutaned   49 0C    etunim 3   

noitarutaneD .2   49 0C    sdnoces 03  

gnilaennA .3            )remirp tnereffid ot gnidroccA(  sdnoces 04  

 noisnetxE .4    27 0C    etunim 1  

 noisnetxE laniF .5   27 0C    etunim 7  

4. .selcyc 04 rof detaeper saw 4 ot 2 petS  

5.  gnitleM .sremid remirp fo noitneverp rof pets tsal ta dedda saw evruc  

6.  hcae fo eulav tC fo noitceted rof enod saw sisylana ,revo saw noitcaer retfA

.elpmas  

7. .detaluclac saw eneg detcepser fo noisserpxe dlof eht ,seulav tC deniatbo morF  

8. retfA  1 ,revo saw noitcaer RCP  leg %2.1 otno dedaol erew snocilpma fo lµ 0

.desylana erew sdnab eht dna eyd gnidaol leg fo lµ 0.2 htiw gnola  
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sisylana lacitsitatS  

 eht ,ralucelom dna lacimehcoib gnidulcni atad fo sdnik lla fo sisylana roF

yb dewollof setacilpirt sa nekat erew snoitavresbo   rof eulav ES± naem rieht gnikat

 desimodnaR yletelpmoC lairotcaf owt ,stluser eht esylana oT .sisylana lacitsitats

 yb edam erew snoisulcnoc dilaV .erawtfos RPTS fo pleh eht htiw desu saw ngiseD

b ecnereffid fo ecnacifingis etaulave oT .ecnairav fo sisylana  fo snaem eht neewte

 eht gnisu ecnacifingis fo level %5 ta detaluclac saw ecnereffid lacitirc ,stnemtaert

:alumrof gniwollof  

)r/SME ×2( = DC 2/1 t/1×  

 ,erehW  

ecnereffid lacitirc = DC  

erauqS naeM rorrE = SME  

 ta ecnacifingis fo level %5 ta t fo eulav elbat = t modeerf fo eerged rorre  
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Results and Discussion  
  

The present study was accomplished to analyze the antioxidative potential and 

cytokine mediated immunomodulation of medicinal plant Aegle marmelos (L.) Corr. 

Result of various experiments were conducted during the course of the study is 

presented in this chapter and under the light of scientific evidences all the results are 

discussed. 

4.1 Preparation of aqueous extracts from Aegle marmelos 

 Plant material was collected and authenticated. It was thoroughly washed, 

shade dried and crushed into powder (Figures 4.1, 4.2) and utilized for extract 

preparation. 2 kg leaves of Aegle marmelos were collected. The weight of grinded 

powder obtained from Aegle marmelos leaves was 500 gms. Aqueous extract was 

prepared from the dried powder of Aegle marmelos leaves. Dried form of aqueous 

extract of Aegle marmelos (AME) was obtained after lyophilisation and stored at -200C 

till further use (Figures 4.3 and 4.4).The extraction yield of aqueous leaves extract of 

Aegle marmelos was found to be 14.01%  (Table 4.1).  

Table 4.1: Percentage yield of plant extract 

S. No. Plant name Dry weight of 
leaves (g) 

Weight of the 
extract 

obtained (g) 
Percent yield 

1 Aegle marmelos 500 14.01 14.01% 

 

Based on the method adopted for the extract preparation, phytochemical 

composition of the extract is influenced. Bioactive components of the plant are 

separated from other components of plant during plant extract preparation using 

suitable solvents. Extracted components are mixture of various metabolites. Solid plant 

components are diffused into solvent and according to polarity of the solvent these get 

solubilized (Ncube et al., 2008). Water is the most commonly used solvent for 

extraction of plant metabolites. Phytochemicals extracted from aqueous extract showed 

antioxidative and antimicrobial activity (Das et al., 2010).  

Chapter 4 
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Kesari et al. (2006) used 500 gram of dried seed powder of Aegle marmelos 

fruit for aqueous extract preparation with extraction yield of 12.8%.  Yield of absolute 

ethanol extract of stem bark of Aegle marmelos was reported to be 15.31% and extract 

exposure showed antiproliferative effects on human leukemic K562 cells at 100 µg/ ml 

concentration (Lampronti et al., 2003). Upadhya et al. (2004) reported that aqueous 

extract of Aegle marmelos leaves showed antioxidative and hypoglycemic activity in 

male diabetic albino rats. 

4.2  Phytochemical analyses of aqueous extract of Aegle marmelos 

(AME) 

Different qualitative and quantitative phytochemical analyses of aqueous extract 

of Aegle marmelos were conducted for determination of presence of various 

phytochemical in AME.   

4.2.1  Qualitative analyses of the plant extract  

Bioactive non-nutrient compounds derived from plants are known as 

phytochemicals. These phytochemicals are heterogeneous group of bio active 

compounds that includes alkaloids, polyphenols, carotenoids and nitrogen compounds 

(Mehta and Shike, 2014). Various reports are there disclosing different beneficial 

effects of the phytochemicals. These phytochemicals can influence the proliferation of 

cells, regulation of cell cycle and signaling pathways (Lee et al., 2011). Phenols and 

flavonoids are two most explored polyphenols from plants. These polyphenols are 

synthesized as secondary metabolites and acting as potent antioxidants. Phenolic 

compounds of the plants are intermediate of phenylalanine. Mostly the conjugated form 

of the phenolic compounds exists in nature. Sugar residue of the phenols is linked with 

hydroxyl groups or direct linkage with aromatic carbons (Kondratyuk and Pezzuto, 

2004). 

The aqueous leaves extract of the Aegle marmelos was subjected to biochemical 

assays for qualitative analysis to detect presence of various phytochemicals. The AME 

showed presence of phenols, flavonoids, tannins, saponins, proteins and phytosterols 

however amino acids, reducing sugars were absent in the extract. 
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Figure: 4.4Aqueous lyophilized 
extract ofAegle marmelos 
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Table 4.2: Qualitative test of the plant extract (AME) 

S. No. Phytochemical Analysis AME 

1 Phenolics + 

2 Flavonoids + 

3 Tannins + 

4 Alkaloids + 

5 Saponins + 

6 Reducing sugars - 

7 Protein + 

8 Amino acids - 

9 Phytosterols + 
 

Sharma et al. (2011) reported that aqueous seed extract of Aegle marmelos 

showed presence of alkaloids, phenolics, flavonoids, proteins, steroids qualitatively but 

amino acids, reducing sugars were not present. One of study reported that aqueous leaf 

extract of Aegle marmelos possesses various phytochemicals viz. alkaloids, flavonoids, 

phenolics, saponins and tannin etc. The presence of these phytochemicals play 

important role in medicinal properties of the plant (Mujeeb et al., 2014). 

4.2.2 Quantitative analyses of the plant extract 

4.2.2.1 Determination of total phenolics content in AME 

Secondary metabolite of the plants, having benzene ring with one or more 

hydroxyl substituents are known as phenolic compounds. They are produced during 

shikimic acid and pentose phosphate pathway of the plants. Phenolic compounds plays 

major role in plant defense response against herbivores as well for the antibacterial, 

antifungal activities (Edreva et al., 2008). Phenolic compounds can also alter the auto 

oxidation of organic molecules by suppressing or delaying it. Due to this property 

phenolic compounds are excellent antioxidants (Foti, 2007). 

The total phenolic content of the plant extract was determined from stranded curve of 

Gallic acid (y=0.0075x, R² = 0.9898) as presented in Table 4.3 and Figure 4.5. Total 

phenolic content of plant extract was estimated to be 480 mg GAE/g as presented in 

Table 4.4. 
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Table 4.3: Optical density of different concentrations of Gallic acid 

S. No. Concentrations (µg/ml) Optical density (765 nm) 

1. 1 0.002 

2. 2.5 0.004 

3. 5 0.006 

4. 7.5 0.009 

5. 10 0.011 

6. 15 0.023 

7. 20 0.029 

8. 25 0.032 

9. 30 0.046 

10. 35 0.053 

11. 40 0.060 

 

 

 
Figure 4.5: Gallic acid standard curve 
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Phenolic compounds are better antioxidants then other polyphenol due to 

presence of the hydroxyl group in their structure. The phenolic content of 

hydromethanolic leaves and stem extract of Aegle marmelos was 9.83 mg/kg and 7.46 

mg/kg respectively as reported by Siddique et al. (2010). Leaves of Aegle marmelos 

have the higher content of phenolic in comparison to stem bark. Vardhini et al. (2018) 

reported the total phenolic content in aqueous fruit pulp extract of Aegle marmelos was 

343.00±1.33 µg/mg of GAE. Higher content of phenolic in extract reflects high 

antioxidative potential of the plant. 

Table 4.4: Total phenolics content in  AME 

S. No. Plant 
extract 

Concentration of 
extract (µg/ml) 

O.D. 
(765nm) 

Total phenolics content 
(µg/µg extract) 

Total phenolics content 
(mg GAE/g extract)  

1. 
Aegle 

marmelos 
(AME) 

5µg 0.045 
 

0.480 
480 

 

4.2.2.2 Determination of total Flavonoids Content in AME 

 Flavonoids are polyphenols that are produced as secondary metabolites by 

plants. In flavonoids synthesis, phenylpropanoid pathway is involved, which consist of 

the transformation of phenylalanine into 4-coumaroylCoA and enter the flavonoids 

synthesis pathway (Martens et al., 2010). Flavonoid is major group consisting of 

flavonols (quercetin), flavones, flavanols (catechins), anthocyanidins, flavanones and 

isoflavones (genistein and daidzein). Flavonoids are explored by various scientists for 

their antimicrobial, antioxidative and anti infammatory activity (Crozier et al., 2009). 

Flavonoids are reported to modulate the immune system by inhibiting the Th1 cells and 

promoting Th2 cells. Flavonoids are having ability to reduce the production of reactive 

oxygen species and inhibit the oxidative burst which results in cytoprotective effects 

and prevention of cell apoptosis (Greenrod and Fenech, 2003).The total flavonoid 

content of the AME was calculated from the Rutin stranded curve (y = 

0.0074x+0.0003, R² = 0.9595) and represented as mg Rutin equivalent (RE) per g of 

extract which is presented in Table 4.5 and Figure 4.6. Estimated total flavonoid 

content in AME was 342.70mg RE/g as presented in Table 4.6. 
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Table 4.5: Optical density of different concentrations of Rutin 

S. No. Concentrations (µg/ml) Optical density (510 nm) 

1. 0.1 0.001 

2. 0.25 0.008 

3. 0.5 0.016 

4. 1 0.017 

5. 2.5 0.024 

6. 5 0.047 

7. 10 0.060 

8. 15 0.071 

9. 20 0.126 

10. 25 0.175 

11. 30 0.257 

12. 35 0.266 

 

 

 
Figure 4.6: Rutin standard curve 
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Table 4.6: Total flavanoids content in AME 

S. No. 
Plant 

extract 
Concentration of 
extract (µg/ml) 

Mean O.D.  
(510 nm) 

Total 
flavanoids 

content (µg/µg 
extract) 

Total flavanoids 
content (mg 

RE/g extract)  

1. 
Aegle 

marmelos 
(AME) 

5µg 0.032 

    
0.342 

 
342.70 

 

Siddique et al. (2010) reported the flavonoid content in hydromethanolic 

extract of leaves and stem of Aegle marmelos to be 8.24 mg/kg and 1.40 mg/kg 

respectively. The flavonoid content was reported to be higher in leaves than stem. 

Vardhini et al. (2018) estimated the flavonoid content of aqueous extract of the pulp of 

Aegle marmelos fruit to be 21.92 µg/mg of QE (Quercetin). The ethanolic extract of the 

leaves of Aegle marmelos was reported to have 66.48 mg QE/g of total flavonoid 

content (Raja and Khan, 2017). The higher content of flavonoids signifies the 

antioxidative activity of the plant extract. 

In qualitative analyses, the total phenolic content was higher in plant leaves 

extract as comparison to total flavonoid content. 

4.3 Determination of antioxidative potential of AME 
Plants possess various phytochemicals i.e. flavonoids, phenolic compounds, 

carotenoids, sterols, glucosinolates and other sulphur-containing compound that are 

reported to have very good antioxidative potential. Due to various metabolic processes 

and environmental factors, oxidative stress is generated in human beings/ birds etc in 

the form of ROS/ RNS. The plant based antioxidant can be beneficial to counter 

balance these ROS (Embuscado, 2015). 

In view of the above stated fact, antioxidant activity was determined for the 

aqueous leaf extract of Aegle marmelos. 

4.3.1  DPPH free radical scavenging assay 

 Aegle marmelos extract showed significant antioxidant activity in DPPH free 

radicals scavenging assay (Figure 4.7).  Dose dependent relationship was observed in 

DPPH assay i.e. scavenging activity was increased as the concentration of extract was 

increased as shown in Table 4.7. Antioxidative potential of the extract was due to the 

presence of various phytochemicals and higher concentration of phenolics and 

flavonoids.



Results and Discussion…? 

Table 4.7: Percent scavenging of AME and ascorbic acid in DPPH assay 

S. 
No. 

Concentrations 
used (µg/ml) 

O.D. of AME 
(517nm) Mean 

value 

O.D. of Ascorbic acid 
(517nm) Mean 

value 

Percent 
Scavenging of 

AME± SE 

Percent 
Scavenging of 

Ascorbic acid± SE I II III I II III 

1 1 0.783 0.742 0.816 0.780 0.483 0.342 0.644 0.489 19.33±0.021 49.43±0.087 

2 5 0.790 0.740 0.755 0.761 0.534 0.389 0.440 0.454 21.30±0.014 53.05±0.042 

3 10 0.763 0.716 0.797 0.758 0.460 0.506 0.302 0.422 21.61±0.023 56.35±0.061 

4 20 0.658 0.707 0.757 0.707 0.500 0.392 0.252 0.381 26.80±0.028 60.59±0.071 

5 40 0.691 0.695 0.711 0.699 0.427 0.225 0.380 0.344 27.71±0.006 64.42±0.061 

6 60 0.741 0.680 0.694 0.696 0.283 0.412 0.344 0.256 28.02±0.009 73.52±0.059 

7 80 0.688 0.674 0.707 0.689 0.160 0.107 0.102 0.123 28.74±0.009 87.28±0.018 

8 100 0.619 0.641 0.642 0.634 0.121 0.146 0.063 0.110 34.43±0.007 88.62±0.024 

9 Control 0.941 0.963 0.997 0.967 

SE(m)± CD (5%) 

0.122 
0.042 



Results and Discussion…? 

IC50 value of the AME was calculated from the regression equation prepared 

from various concentration of the extract and percentage inhibition of formation of free 

radicals. IC50 value is the concentration of sample that is required to scavenge 50% of 

free radicals. The IC50 value for AME was found to be 233.11µg/ml and for Ascorbic 

acid IC50 value was determined to be 1.66 µg/ml. Lower value of IC50 represent higher 

antioxidative potential of the plant. In statistical analysis, both ascorbic acid and AME 

showed significant scavenging activity. 

Raja and Khan, (2017) evaluated various solvent extracts (viz. ethanol, 

methanol, aqueous) of leaves of Aegle marmelos for their antioxidative potential. In 

their study  aqueous leaves extract of Aegle marmelos showed higher IC50 value i.e. 

125µg/ml identicating higher antioxidative potential as compared to ethanolic (IC50 150 

µg/ml) and methanolic (IC50 185µg/ml) extracts.  

 

 
Figure 4.7: Percent Scavenging of AME  in DPPH assay 

 

Kumar et al. (2016) reported that ethanolic leaves extract of Aegle marmelos 

possess antioxidative potential and showed good reducing power for DPPH radicals. 

The IC50 value of the ethanolic extract was reported to be 160.47µg/ml.   
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Due to presence of various antioxidant components i.e. β-carotene, glutathione, 

sitosterol, aegelin, lupcol, rutin, marmesinin, eugenol, β- sitosterol, flavon, glycoside, 

montanine, o-isopentenyl halfordiol marmelin α-tocopherol, total polyphenols and 

flavonoids etc in the of leaves of Aegle marmelos, possess significant antioxidative 

potential. In another study, the methanolic and aqueous extract of leaves of Aegle 

marmelos showed 87 % and 93% DPPH radicals scavenging activity, respectively 

(Reddy and Urooj, 2013). 

4.3.2  Nitric oxide radical scavenging assay 

Nitric oxide having unpaired electron making it NO radicals which is a 

colourless gas having solubility in water and organic solvents. Nitric oxide is very short 

lived, lipophilic in nature and can diffuse easily in between cells. It is produces by 

various NAPDH dependent enzymes (NO synthases) from terminal guanido nitrogen 

atom of L-arginine (Nathan, 1992). Nitric oxide acts as bioreguatory molecule 

essential for various physiological processes like neural signal transmission, immune 

response, control vasodilation and control of blood pressure. But the excessive of NO 

radicals are associated with various pathological conditions such as cancer (Gold et al., 

1990). 

Nitric oxide reacts with oxygen under aerobic conditions and produces various 

intermediates such NO2, N2O4, N3O4 and nitrate, nitrite, peroxynitrite that are reacts 

with superoxide. These intermediates react with various DNA repair enzymes which 

are required for maintaining the genome integrity. These enzymes include DNA alkyl 

transferase, formamido pyrimidine-DNA glycosylase and DNA ligase (Marcocci et al., 

1994). 

Aegle marmelos extract showed significant antioxidant activity in NO radical 

scavenging assay (Figure 4.8).  Dose dependent relationship was observed in NO 

radical scavenging assay i.e. scavenging activity was increased as the concentration of 

extract was increased as shown in Table 4.8. IC50 value of the AME was calculated 

from the regression equation prepared from various concentrations of the extract and 

percentage inhibition of formation of free radicals. IC50 value is the concentration of 

sample is required to scavenge the 50% of free radicals. The AME was found to have 

IC50 value of 113.80µg/ml and Ascorbic acid has IC50 value the 131.93µg/ml. Lower 

value of IC50 represent the higher antioxidative potential of the plant. Statistically, 

AME shows higher NO radical scavenging activity then ascorbic acid. 
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Table 4.8: Percent scavenging of AME and ascorbic acid in NO scavenging assay 

S. No. 
Concentrations 

used (µg/ml) 

O.D. of AME (546nm) 
Mean 
value 

O.D. of Ascorbic acid 

(546 nm) Mean 
value 

Percent 
Scavenging of 

AME± SE 

Percent 
Scavenging of 
Ascorbic acid± 

SE I II III I II III 

1 10 0.407 0.439 0.446 0.430 0.437 0.397 0.492 0.442 14.71±0.012 11.77±0.027 

2 20 0.339 0.398 0.367 0.368 0.482 0.398 0.418 0.432 26.54±0.017 13.75±0.025 

3 40 0.353 0.279 0.374 0.335 0.379 0.349 0.497 0.408 30.13±0.028 18.60±0.045 

4 60 0.317 0.356 0.314 0.329 0.351 0.319 0.469 0.379 34.33±0.013 24.31±0.045 

5 80 0.243 0.273 0.361 0.292 0.298 0.307 0.392 0.332 41.71±0.035 33.75±0.029 

6 100 0.290 0.242 0.317 0.283 0.268 0.323 0.301 0.297 43.51±0.021 40.73±0.015 

7 Control 0.499 0.501 0.505 0.501 

SE(m)± CD (5%) 

0.083 
0.028 
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Figure 4.8: Percent Scavenging of AME  in NO scavenging assay 

 

Bristy et al. (2017) studied the NO radical scavenging activity of various plant 

parts of Aegle marmelos including ripe fruit, seed and leaves. Methanolic extract of 

Aegle marmelos fruit showed highest NO radical scavenging activity with IC50 value of 

46.36µg/ml. Aqueous extract of unripe fruit of Aegle marmelos showed increase in NO 

scavenging activity in dose dependent manner as reported by Krushna et al. (2011). At 

higher dose the NO scavenging activity increases. Jagetia et al. (2003) reported that 

hydromethanolic leaves extract of Aegle marmelos showed significant NO scavenging 

in dose dependent manner.  

Extract till dose of 400 µg/ml showed increase in NO scavenging after this dose, 

the increase was steady. 

4.5 Immomodulatory effect of aqueous leaves extract of Aegle 
marmelos in chicken lymphocytes culture system 
Immunomodulatory effects of the AME were studied on chicken lymphocytes 

culture system by employing lymphocytes proliferation assay. Immunomodulatory 

effects in mitogen stimulated T and B cells were evaluated by giving exposure of 

maximum non cytotoxic dose of AME to chicken lymphocyte in in vitro system. 

Various dilutions of AME were used to give exposure to chicken lymphocytes for 

determination of maximum non cytotoxic dose (MNCD) through MTT assay. 
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4.5.1  Evaluation of maximum non cytotoxic dose of AME in chicken 
lymphocytes 

Various dilutions of AME for determination of maximum non cytotoxic dose at 

which chicken lymphocytes were exposed are presented in Table 4.9 and Figure 4.11. 

Treated lymphocytes were observed under microscope at different concentration 

(Figure 4.12). Percent viability of the cells at various dilutions is presented in Figure 

4.10.  

Table 4.9: Percent cell viability in chicken lymphocytes due to in vitro exposure of 
Aegle marmelos extract 

S. 
No. 

Concentration 
(µg/ml) 

(O.D. at 570nm) 
Means ± SE Percent cell 

viability 
Percent 

Cytotoxicity I II III 
1 Control 0.432 0.445 0.423 0.433±0.006 100 - 
2 1 0.440 0.459 0.449 0.449±0.005 100 - 
3 5 0.442 0.471 0.450 0.454±0.008 100 - 
4 10 0.463 0.517 0.478 0.486±0.016 100 - 
5 25 0.471 0.490 0.513 0.491±0.012 100 - 
6 50 0.527 0.494 0.514 0.511±0.009 100 - 
7 75 0.442 0.492 0.478 0.470±0.014 100 - 
8 100 0.413 0.411 0.453 0.425±0.013* 97.11 2.88 
9 150 0.415 0.390 0.385 0.396±0.009* 86.34 13.65 
10 200 0.373 0.404 0.395 0.390±0.009* 84.08 15.91 
11 250 0.363 0.398 0.407 0.389±0.013* 83.58 16.41 
12 300 0.395 0.386 0.375 0.385±0.005* 82.08 17.91 
13 350 0.372 0.392 0.380 0.381±0.005* 80.45 19.54 
14 400 0.398 0.367 0.362 0.375±0.011* 78.44 21.55 
15 450 0.341 0.358 0.397 0.365±0.016* 74.56 25.43 
16 500 0.371 0.340 0.363 0.358±0.009* 71.80 28.19 
17 550 0.358 0.324 0.340 0.340±0.009* 65.28 34.71 
18 600 0.338 0.331 0.330 0.333±0.002* 62.40 37.59 
19 650 0.339 0.317 0.327 0.327±0.006* 60.40 39.59 
20 700 0.328 0.305 0.316 0.316±0.006* 56.14 43.85 
21 800 0.312 0.307 0.295 0.304±0.005* 51.75 48.24 
22 900 0.290 0.245 0.301 0.278±0.017* 41.97 58.02 
23 1000 0.274 0.291 0.252 0.272±0.011* 39.47 60.52 
24 1250 0.249 0.256 0.279 0.261±0.009* 35.46 64.53 
25 1500 0.238 0.271 0.255 0.254±0.009* 32.83 67.16 

CD SEM 
1% 5% 

0.0105 
0.0398 0.0298 

* Significant at P<0.05  
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Figure 4.9: Influence on chicken lymphocytes proliferation due to exposure of 
various concentrations of AME 

 

 

 

Figure 4.10: Percent viability of chicken lymphocytes in presence of different 
concentrations of AME 
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Figure 4.11: MTT assay for evaluation of maximum non-cytotoxic dose of AME in 
chicken lymphocytes 

  

  

Figure 4.12: Influence on chicken lymphocytes due to in vitro exposure 
ofAMEafter 48 hrs. (A. control, B. 75 µg/ml, C. 150 µg/ml, D. 500 
µg/ml) at 40x 

C D 

A 
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Hundred percent viability of the cells was observed up to 75µg/ml AME exposure. 

AME exposure higher than 75µg/ml showed dose dependent decrease in cell viability and 

started showing increase in granularity, clump formation and cell detachment. Maximum 

non cytotoxic dose was determined to be 75µg/ml which was further used for 

immunomodulatory and antioxidative analysis. 

4.5.2  Evaluation of maximum non cytotoxic dose of Dexamethasone in 

chicken Lymphocytes 

Dexamethasone (DEXA) is a glucocorticoids drug having various therapeutic 

applications. Dexamethasone is one of the immunosuppressive drugs. Dexamethasone 

(DEXA) was utilized as negative control in determination of immunomodulatory effects of 

AME in mitogen stimulated T cell and B cells in chicken lymphocytes culture system. 

Minimum cytotoxic dose of the DEXA was determined by using MTT assay.  

Various dilutions of DEXA for determination of minimum cytotoxic dose at which 

chicken lymphocytes were exposed are presented in Table 4.10 and Figure 4.15. Treated 

lymphocytes were observed under microscope at different concentration (Figure 4.16). 

Percent viability of the cells at various dilutions was represented in Figure 4.14. Hundred 

percent cell viability was observed up to 30ng/ml dose of DEXA and at doses higher than 

30ng/ml cells started showing increase in granularity, clump formation and detachment in 

dose dependent manner. Maximum non cytotoxic dose was determined to be 30ng/ml in 

chicken lymphocytes culture system which was further used for immunomodulatory and 

antioxidative analysis. 
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Table 4.10: Percent cell viability in chicken lymphocytes cells due to in vitro 
exposure of dexamethasone 

S. 
No. 

Concentration 
(µg/ml) 

(O.D. at 570nm) 
Means ± SE 

Percent cell 
viability 

Percent 
Cytotoxicity 

I II III 

1 Control 0.425 0.438 0.459 0.440±0.009 100 - 

2 1 0.466 0.456 0.426 0.449±0.012 100 - 

3 5 0.458 0.473 0.443 0.458±0.008 100 - 

4 10 0.463 0.437 0.448 0.449±0.007 100 - 

5 15 0.443 0.445 0.468 0.452±0.008 100 - 

6 20 0.441 0.455 0.431 0.442±0.006 100 - 

7 25 0.418 0.449 0.474 0.447±0.016 100 - 

8 30 0.438 0.429 0.455 0.440±0.007 100 - 

9 35 0.415 0.432 0.424 0.423±0.004* 95.31 4.69 

10 40 0.421 0.389 0.431 0.413±0.012* 88.38 11.62 

11 50 0.399 0.419 0.382 0.400±0.010* 83.81 16.19 

12 60 0.388 0.376 0.409 0.391±0.009* 80.70 19.30 

13 70 0.382 0.404 0.375 0.387±0.008* 79.49 20.51 

14 80 0.368 0.378 0.412 0.386±0.013* 77.31 22.69 

15 90 0.368 0.380 0.379 0.375±0.003* 76.98 23.02 

16 100 0.3799 0.368 0.375 0.374±0.003* 76.57 23.43 

17 150 0.376 0.373 0.365 0.371±0.003* 75.50 24.50 

18 200 0.357 0.383 0.368 0.369±0.007* 73.06 26.94 

CD SEM 

1% 5% 
0.009 

0.035 0.026 
* Significant at P<0.05  
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Figure 4.15: MTT assay for evaluation of maximum non-cytotoxic dose of DEXA 
in chicken lymphocytes 

 

  

  

Figure 4.16: Influence on chicken lymphocytes due to in vitro exposure ofDEXA 
after 48 hrs. (A. control, B. 30 ng/ml, C. 100 ng/ml, D. 150 ng/ml) at 
40X 

B 
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Figure 4.13: Influence on chicken lymphocytes proliferation due to exposure of 
various concentrations of Dexamethasone 

 

 

 

Figure 4.14: Percent viability of chicken lymphocytes in presence of different 
concentrations of Dexamethasone 
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4.6 Effect of AME exposure on lymphocytes proliferation 

In presence of maximum no-cytotoxic dose of the AME, the lymphocyte 

proliferation was compared with AME untreated control cells for determination of 

influence of AME on lymphocyte proliferation. The results are depicted in Table 4.11 

and Figure 4.17. There was minute decrease in lymphocyte proliferation as compared 

to control as well as dexamethasone. Dexamethasone also showed decrease in 

lymphocyte proliferation. Decrease due to AME exposure was not higher than the 

decrease by DEXA exposure. 

Table 4.11: Effect of AME exposure on lymphocytes proliferation 

Treatment 
Groups 

OD at 570 nm 
%  cell 

proliferation 

% change in 
cell 

proliferation I II III Mean±SE 

Control 0.302 0.305 0.308 0.305±0.0017 100 - 

AME 0.306 0.299 0.309 0.304±0.002 99.67 - 0.327 

DEXA 0.302 0.298 0.304 0.301±0.0017 98.68 -1.311 

CD (5%) SE(m)± 

0.0076 0.0022 
 

 

 
Figure 4.17: Effect of AME exposure on lymphocytes proliferation 
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4.6.1  Effect of AME exposure on T cells proliferation 

 Two mitogens i.e. phytohaemagglutinin (PHA) and Concanavalin A (Con A) 

were employed to study the T cell proliferation. Maximum non cytotoxic dose of the 

plant extract (AME) and minimum cytotoxic dose of DEXA was used in mitogen 

stimulated T cells for detection of AME influence on T cell proliferation.  

Effect of AME on T lymphocyte proliferation in presence of Con A is depicted 

in Table 4.12 and Figure 4.18. There was significant decrease in lymphocyte 

proliferation in AME and DEXA treated cells as compared to control. The Percent 

inhibition in case of AME was found to be 6.20 %. Dexamethasone was utilized as 

negative control showing the percent decrease of 11.36% in ConA stimulated T cell 

proliferation. The Percent decrease of DEXA treated cells was higher in comparison to 

AME treated cells. 

Effect of AME on T lymphocyte proliferation in presence of PHA is depicted in 

Table 4.13 and Figure 4.19. There was significant decrease in lymphocyte 

proliferation in AME treated cells as compared to control untreated cells. The Percent 

inhibition in case of PHA was found to be 15.5%. Dexamethasone was utilized as 

negative control showing the percent decrease of 18.5% in PHA stimulated T cell 

proliferation. 

 

Table 4.12: Effect of AME exposure on Con A stimulated T cells proliferation 

Treatment 

Groups 

OD at 570 nm 
% cell 

proliferation 

% change in 
cell 

proliferation I II III Mean±SE 

Control 0.386 0.365 0.412 0.387±0.013 100  

AME 0.369 0.372 0.348 0.363±0.007 93.79 -6.20* 

DEXA 0.332 0.352 0.346 0.343±0.005 88.64 -11.36* 

CD (5%) SE(m)± 

0.033 0.009 
* Significant at P<0.05  
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Figure 4.18: Effect of AME on Con A stimulated T cells proliferation 

 
Table 4.13: Effect of AME exposure on PHA stimulated T cells proliferation  

Treatment 

Groups 

OD at 570 nm 
% cell 

proliferation 

% change in 
cell 

proliferation I II III Mean±SE 

Control 0.382 0.429 0.391 0.400±0.014 100 - 

AME 0.354 0.311 0.349 0.338±0.013 84.5 -15.5* 

DEXA 0.347 0.288 0.343 0.326±0.019 81.5 -18.5* 

CD (5%) SE(m)± 

0.054 0.015 

* Significant at P<0.05  
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Figure 4.19: Effect of AME on PHA stimulated T cells proliferation 

 

4.6.2  Effect of AME extract on B cells proliferation 

In the presence of mitogen Lipopolysaccharide (LPS), the proliferation of B cell 

was studied. The maximum non cytotoxic dose of AME and DEXA were employed for 

giving in vitro exposure to LPS stimulated B cells. Effect of AME and DEXA on B 

cells is represented in Table 4.14 and Figure 4.20. There was significant decrease of 

9.23% in B cells proliferation due to exposure of maximum non cytotoxic dose of 

AME. Dexamethasone also showed the decrease of 12.3% on B cells proliferation. 

Dexamethasone exposure showed more decrease in B cell proliferation than AME. 

Overall comparatively more decrease in proliferation of T lymphocytes was observed 

as compared to B lymphocytes proliferation due to in vitro exposure of AME in 

chicken lymphocytes. 
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Table 4.14: Effect of AME on LPS stimulated B cells proliferation 

Treatment 
Groups 

OD at 570 nm 
%  cell 

proliferation 

% change in 
cell 

proliferation I II III Mean±SE 

Control 0.304 0.326 0.337 0.325±0.009 100  

AME 0.301 0.295 0.291 0.295±0.002 90.76 -9.23* 

DEXA 0.292 0.284 0.281 0.285±0.003 87.69 -12.3* 

CD (5%) SE(m)± 

0.021 0.006 
* Significant at P<0.05  

 

 
Figure 4.20: Effect of AME on LPS stimulated B cells proliferation 

 

From the above described results it can be concluded that the aqueous extract of 

Aegle marmelos showed immunosuppressive effects in chicken lymphocytes culture 

system. Decrease in T lymphocytes proliferation was higher than the B lymphocyte in 

case of in vitro exposure of AME. Immunomodulatory effect of the Aegle marmelos is 

due to presence of various phytoconsistuents i.e. Noscapin (which is opioid alkoid, 
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used as tubulin binding anti-tumour agent), α-Erythroidine, amorolfine, marmelin, 

marmelosin and embelin (which is known as anti-tumour agent having antiprolifertaive 

activity) (Rahman and Parvin, 2014).  

Lampronti et al. (2003) reported that ethanolic extract of Aegle marmelos stem 

bark showed antiprolifertaive effects on growth of various tumour cell lines viz. T 

lymphoid Jurkat, erythroleukemic HEL, melanoma Colo38, and breast cancer MCF7. 

Derivative of Aegle marmelos extract including butyl p-tolyl sulfide, 6- methyl-4-

chromanone and butylated hydroxyanisole showed strongest antiprolifertaive effects on 

leukemic K562 cell line. Gupta and Chaphalkar (2016) reported that flavonoids 

isolated from Aegle marmelos inhibited in proliferation of HBsAg at higher dose of 

25mg/ml as compared to control. Shaikh et al. (2016) reported that aqueous leaves 

extract of Aegle marmelos showed decline in proliferation of HBsAg (hepatitis B 

vaccine containing surface antigen) which was assessed through splenocytes 

proliferation assay in swiss mice model. Aqueous leaves extract of Aegle marmelos 

also down regulate the production of proinflammatory cytokines such as IFN γ and 

TNF α. 

4.7  Antioxidative status of chicken lymphocytes due to AME 

exposure 

Due to continuous on going endogenous metabolic process in human body, the 

reactive oxygen species (ROS) and free radicals are generated by enzymatic and non-

enzymatic reactions. Excessive production of these free radicals can cause oxidative 

stress. These free radicals can attack on various macromolecules like lipid, proteins, 

nucleic acid, carbohydrates (Inoue et al., 2003). To prevent the excessive formation of 

free radicals and reactive oxygen species, antioxidants are required. Antioxidants act by 

scavenging the free radicals and making them less reactive toward various 

macromolecules. 

 After in vitro exposure of AME, antioxidative status of chicken lymphocytes 

was determined through various antioxidative assays viz membrane lipid peroxidation, 

glutathione reductase, superoxide dismutase, catalase and nitric oxide estimation. 

Ascorbic acid was used as positive control in each assay. 
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4.7.1 Membrane Lipid peroxidation 

In biological system, the free radical oxidation of polyunsaturated fatty acids 

(PUFA-long chain fatty acids) present in cell membrane, is known as lipid 

peroxidation. Initation of lipid peroxidation is triggered by any free radical having 

ability to abstract hydrogen atom from methylene group and leaving unpaired electron 

on carbon atom. Further reactive oxygen species react with unpaired electron to 

amplify the chain reaction and produce the peroxidation product malondialdehyde 

(MDA) which cause damage of the DNA (Gaschler and Stockwell, 2017). Lipids in 

cell membrane are required for maintaining the cellular integrity. Excessive lipid 

peroxidation affects the composition, structure of the cell membrane cause its leaking 

that leads to loss of cell integrity and all the cellular material come out of the cell which 

result in cell death (Ricciotti and FitzGerald, 2011). 

 In chicken lymphocytes, the membrane lipid peroxidation was measured after 

the exposure of AME. Thiobarbituric acid-reactive substances (TBARS) assay was 

used to determine the degree of lipid peroxidation. More the antioxidative potential of 

the plant extract lower will be the activity of TBARS (Halliwell and Chirico, 1993). 

Aqueous extract of Aegle marmelos leaves was used to determine inhibition of 

lipid peroxidation. The AME show significant decrease in lipid peroxidation as 

presented in Table 4.15 and Figure 4.21. Ascorbic acid was used as positive control 

and cells without extract treatment was taken as normal control. 

Table 4.15: Lipid peroxidation in chicken lymphocytes treated with AME 

S. 
No. 

Treatment 
groups 

Concentration used 
(µg/ml) 

LPO nM  mda/g Mean LPO nM  
mda/g±SE I II III 

1. Control - 142.93 144 146.13 144.35±0.940 

2. AME 75 109.86 112 105.6 109.15±1.881* 

3. DEXA 0.03 43.733 48 41.6 44.44±1.881* 

4. Ascorbic acid 75 126.93 134.4 129.06 130.13±2.221* 

CD (5%) SE(m)± 

5.852 1.795 
* Significant at P<0.05  
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Figure 4.21: Lipid peroxidation in chicken lymphocytes treated with  AME 

 

The decrease in lipid peroxidation due to the plant extract exposure was higher 

than ascorbic acid which reflects better antioxidative potential of the plant. 

Dexamethasone also displayed marked reduction in LPO as compared to control. 

Suriyamoorthy et al. (2014) reported that the aqueous extract of leaves of 

Aegle marmelos showed decrease in LPO level in dyslipidemic rat. The percentage 

decrease in TBARS level was 33.22%. In hepatocellular damage rat liver induced by 

CCl4, the level of LPO was decrease on administration of aqueous and ethanolic root 

extract of Aegle marmelos (Mounika et al., 2017). Dinis-Oliveira et al. (2006) 

reported that dexamethasone decreased the level of LPO in liver of wister rats at dose 

of 100mg/kg. 

4.7.2 Reduced glutathione (GSH) 

γ-glutamylcysteinylglycine (glutathione) is non-protein thiol abundantly present 

in cells. It protects the cells against reactive oxygen (ROS) and reactive nitrogen 

species (RNS). These radicals are removed by reduction with GSH which is non-

enzymatic reaction. Hydroperoxides are removed by enzyme glutathione peroxidase. 

Enzymatic and non-enzymatic removal leads to production of glutathione disulfide 

(GSSG or oxidized glutathione). Glutathione reductase using NADPH from pentose 

phosphate shunt pathway, convert the glutathione disulfide into reduced glutathione 

(Dickinson and Forman, 2002). 
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Reduced glutathione is one of the major cellular antioxidant. Higher level of 

reduced glutathione is indicative of antioxidative activity. After the exposure of AME 

to chicken lymphocytes, the level of reduced glutathione was determined. The level of 

reduced glutathione was increased after the exposure of AME as presented in Table 

4.16 and Figure 4.22. Ascorbic acid was used as positive control and untreated cells 

were taken as normal control. 

Table 4.16: Reduced glutathione Content in chicken lymphocytes cells treated with 
AME  

S. No. 
Treatment 

groups 
Concentration 
used (µg/ml) 

GSH content (mM/ml) Mean GSH 
content 

(mM/ml) ± SE I II III 

1 Control - 3.9 4.03 3.84 3.92±0.056 

2 AME 75 4.18 4.30 4.00 4.16±0.081 

3 DEXA 0.30 5.29 4.61 5.0 4.99±0.200 

4 Ascorbic acid 75 6.30 5.41 5.16 5.62±0.345 

CD (5%) SE(m)± 

0.673 0.206 
* Significant at P<0.05  

 

 

Figure 4.22:  GSH content in chicken lymphocytes treated with AME  
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 Ascorbic acid showed the maximum level of reduced glutathione as compare to 

AME. AME exposure leads to enhanced level of GSH as compared to untreated control 

cells. Singh et al. (2000) reported that on administration of hydroalcholic leaves extract 

of Aegle marmelos the level of reduced glutathione was increased in dose dependent 

manner in swiss albino male mice. The level of reduced glutathione increased by 1.34 

and 1.41 fold as the concentration of the extract increased from 50mg/kg to 100 mg/kg. 

Upadhya et al. (2004) reported that administration of aqueous extract of leaves of 

Aegle marmelos increased the level of reduced glutathione in erythrocytes of alloxan 

induced diabetic male albino rats. 

4.7.3 Superoxide dismutase (SOD) 

 In mitochondrial respiration and autooxidation, superoxide radicals are 

produced. Various enzymes are having transition metals as their prosthetic groups. 

Superoxide radicals react with transition metals and make the enzyme inactive by 

losing their active site. Superoxide radicals are not dangerous unless they react with 

other radicals to make powerful reactive oxygen and nitrogen species. Superoxide’s are 

beneficial when produced by phagocytes and polymorph nuclear leukocytes for 

antibacterial activity but harmful when present in excess amount (Halliwell, 2012). In 

cellular antioxidative defense system, superoxide dismutase acts as first line of defense 

system. Superoxide radicals are dismutated by SOD and hydrogen peroxide is formed 

which is further resolved into water by catalase and reduced glutathione (Surai, 2016). 

Table 4.17: SOD Content in chicken lymphocytes treated with AME 

S. 
No. 

Treatment 
groups 

Concentration 
used (µg/ml) 

SOD units/mg of 
protein 

Mean SOD 
units/mg of 
protein±SE I II III 

1 Control - 66.89 66.09 66.19 66.52±0.202* 

2 AME 75 117.47 116.02 112.37 115.28±1.51* 

3 DEXA 0.30 73.23 75.70 73.52 74.18±0.766* 

4 Ascorbic 
acid 

75 196.5 190.6 204.95 197.35±4.164* 

CD (5%) SE(m)± 

7.33 2.251 
* Significant at P<0.05  
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Figure 4.23:  SOD content in chicken lymphocytes treated with AME 

 

SOD content in AME treated chicken lymphocytes is presented in Table 4.17 

and Figure 4.23. Ascorbic acid was taken as positive control and untreated cells were 

taken as normal control. The level of SOD was increased in comparison to normal 

control. The ascorbic acid displayed higher level of SOD. Mounika et al. (2017) 

reported that the aqueous and hydroalcholic leaves extract of Aegle marmelos at higher 

doses, increased the level of cellular SOD in CCl4 induced hepatotoxic wistar albino 

rats. Suriyamoorthy et al. (2014) reported that in dyslipidemic rats the level of SOD 

was increased on administration of aqueous leaves extract of Aegle marmelos. 

4.7.4 Catalase 

 In aerobic organism, catalase is present in various tissues but highly active in 

liver and erythrocytes. Due to presence of various H2O2 producing enzymes in 

peroxisomes the level of catalase is also high as in membrane bound or soluble form. 

Catalase acts as first line of defense against free radicals in erythrocytes. Catalase 

breaks down the H2O2 into water and oxygen. It also utilizes the hydrogen peroxide to 

oxidize other toxic compounds like alcohols and phenols (Djordjevic, 2004). 
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The level of catalase was determined in chicken lymphocytes after the treatment 

of the AME at maximum non cytotoxic dose. Increase in catalase activity was observed 

after the AME treatment as presented in Table 4.18 and Figure 4.24.  Ascorbic acid 

treated cells are positive control and untreated cells are taken as normal control. 

Table 4.18: Catalase activity in chicken lymphocytes cells treated with AME 

S. 
No. 

Treatmen
t groups 

Concentration 
used (µg/ml) 

H2O2 utilized mM/min/mg of 
protein 

Mean H2O2 

utilized 
mM/min/mg 

of protein±SE I II III 

1 Control - 110.68 150.92 140.86 134.15±12.09 

2 AME 75 137.52 160.44 142.11 146.69±7.005 

3 DEXA 0.30 115.19 138.23 120.95 124.74±6.922 

4 Ascorbic 
acid 

75 222.67 231.60 217.65 223.97±4.075 

CD (5%) SE(m)± 

26.265 8.058 
* Significant at P<0.05 

 

 
Figure 4.24: Catalase activity in chicken lymphocytes cells treated with AME 
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Kamalakkannan and Prince (2004) reported that level of catalase was 

increased in hepatic and renal tissue of Streptozotocin-Induced Diabetic Rats after the 

treatment of aqueous fruit extract of Aegle marmelos. Mounika et al. (2017) reported 

that aqueous and hydroalcholic leaves extract of Aegle marmelos at higher doses, 

increase the level of cellular catalase in CCl4 induced hepatotoxic wistar albino rats. 

4.7.5  Nitric Oxide Estimation 

 Nitric oxide is produced endogenously by enzyme nitric oxide synthase (NOS). 

NOS has three different isoforms known as eNOS (endotheial NOS), nNOS(neuronal 

NOS) and iNOS (inducible NOS). Inducible NOS is produced by various immune cells 

for initiation of immune response.  Nitric oxide acts as paracrine signalling molecule. 

Being small and hydrophobic in nature it can easily diffuse from its site of synthesis. At 

higher concentration nitric oxide reacts with oxygen and produces reactive nitrogen 

species. NO and oxygen accumulate in lipid membrane and autoxidation of membrane 

occurs (Murphy, 1999). 

Nitric oxide content is calculated from the sodium nitrite standard curve (y = 

0.0035x, R² = 0.9702) as presented in Table 4.19 and Figure 4.25. Nitric oxide content 

determined after the exposure of AME in macrophage rich cells as presented in Table 

4.20 and Figure 4.26. Ascorbic acid was taken as positive control and untreated cells 

taken as normal control. 

Table 4.19: Optical density of different concentrations of Sodium Nitrite  

S. No. Concentration (µM) 
Optical density at 548 nm  

Mean OD ±SE 
I II III 

1.  10 0.136 0.075 0.099 0.103±0.017 

2.  20 0.349 0.199 0.206 0.251±0.048 

3.  40 0.422 0.264 0.32 0.335±0.046 

4.  50 0.576 0.458 0.332 0.455±0.070 

5.  80 0.729 0.596 0.437 0.587±0.084 

6.  100 0.801 0.642 0.584 0.675±0.064 

7.  150 0.901 0.811 0.626 0.779±0.080 

8.  200 0.922 0.802 0.751 0.825±0.050 
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Figure 4.25: Standard curve of sodium nitrite 

 

Table 4.20: Nitric Oxide estimation in AME treated macrophages rich cells  

S. No. 
Treatment 

groups 
Concentration 
used (µg/ml) 

Total Nitric Oxide  
content (µM) Mean Total Nitric 

Oxide  content (µM) 
±SE 

I II III 

1 Control - 60.91 57.94 59.83 59.56±0.867 

2 AME 75 45.24 51.45 46.54 47.76±1.885 

3 DEXA 0.03 27.13 29.02 30.108 28.57±0.870 

4 Ascorbic acid 75 39.56 36.59 29.02 35.05±3.137 

CD (5%) SE(m)± 

6.293 1.930 
* Significant at P<0.05  

Concentration of nitric oxide was decreased after the treatment with AME as 

compared to untreated cells. The ascorbic acid being good antioxidant showed 

significant decrease in concentration of nitric acid. Kumari et al. (2014) reported that 

aqueous extract of Aegle marmelos flower caused significant reduction  in the level of 

nitric oxide in peritoneal cells of wister rat. The flower extract of Aegle marmelos 

showed decrease in nitric oxide content in dose dependent manner from 7.8 to 
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62.5µg/ml. Patil et al. (2017) reported that dexamethasone showed decrease in 

concentration of nitric oxide in dose dependent manner in A549 Human lung 

adenocarcinoma cell line. 

 

 
Figure 4.26:  Nitric oxide estimation in AME treated cells 

 

4.8  Expression profiling of cytokines genes using Real Time PCR 
 Expression analysis of various cytokines was carried out to evaluate the 

immunomodulatory effects of the extract at molecular level. Expression analysis of IL-

6, IL-10 and iNOS (inducible NOS) was performed by exposing the lymphocytes at 

maximum non cytotoxic dose of AME to correlate the expression pattern of these 

cytokines in response to AME exposure. By using the cDNA of lymphocytes as 

template exact quantitative expression of genes was carried out through real time 

quantitative PCR. Variation in quality and quantity of starting cDNA template was 

standardized by using actin gene. Expression analysis of studied genes is as follows: 

4.8.1 Isolation of total RNA from chicken lymphocytes/ macrophage rich 
cells after the exposure of AME 

  Total RNA was isolated from chicken lymphocytes/ macrophage rich cells 

after the exposure of AME. Mitogen stimulated T and B cells were used as control. 
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Cells without any treatment were used as normal control. Dexamethasone at maximum 

non cytotoxic dose was used as positive control for expression analysis of various 

cytokines. Total RNA of good quality and yield was isolated by following the 

manufacturer’s instructions of HiMedia RNA X-press reagent.  

Table 4.21: Quantitative study of total RNA from chicken lymphocytes/ 
macrophages rich cells 

 
Group A 

Treatments 
Absorbance at  

260/280 
Concentration 

ng/µl 

Untreated cells 2.04 1683.4 

DEXA treated 
cells 

1.98 1210.4 

AME treated 
cells 1.93 1315.7 

 
Group B (LPS stimulated 

cells) 

Untreated cells 1.94 1984.3 

DEXA treated 
cells 2.01 1675.9 

AME treated 
cells 

2.02 1507.5 

 
Group C (Con A 
stimulated cells) 

Untreated cells 1.95 1804.0 

DEXA treated 
cells 1.96 1031.2 

AME treated 
cells 2.01 1452.6 

Group D (macrophages 
enriched cells) 

Untreated cells 1.92 1415.3 

DEXA treated 
cells 1.96 1233.4 

AME treated 
cells 

1.94 1732.6 
 

Treatment with DNase was performed to eliminate the contamination of DNA. 

Nanodrop spectrophotometry was used to check the quantity of the extracted RNA 

isolated form chicken lymphocytes as represented in Table 4.21. 

4.8.2  Synthesis of cDNA from RNA samples isolated from different 
treatment groups  

            The DNase treated RNA was used for cDNA synthesis to use it further for 

expression analysis study. The cDNA was synthesized using cDNA synthesis kit and 

then confirmed by semi quantitative PCR analysis by using Actin housekeeping gene as 

internal control. Figure 4.27 shows the confirmation of cDNA synthesis.  
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4.8.3  Standardization of annealing temperature of primers of various 

genes using gradient PCR 

           Gradient PCR analysis was conducted to confirm the temperature for 

amplification of transcript of Actin, interleukin-6, interleukin-10 and inducible nitric 

oxide synthase in chicken lymphocytes. The 130 bp, 181bp, 179bp, 158bp sequence 

was confirmed to be present at temperature of 540C, 550C, 540C, 530C in chicken 

lymphocyte for actin, IL-6, IL-10, iNOS, respectively. Figure 4.28 represents the 

gradient results of different genes. 

4.8.4  Quantification of expression level of IL-6 gene transcript in chicken 
lymphocytes after AME exposure through real time PCR. 

Various cells of immune system produce cytokines. These cytokines on the 

basis of type of cells producing it and developmental state of cell affects the immune 

response by regulating proliferation and differentiation of different cells. IL-6 is 

glycoprotein of 21kDa size belongs to family of leukemia inhibitory factor, carditropin-

1 and ciliary inhibitory factor and known as cytokine of innate immune response. 

Macrophage, dendritic cell, mast cell, B cell, T cell and non-leukocytes cell 

(endothelial cell, fibroblasts) are producing IL-6 cytokine. IL-6 consider as pro 

inflammatory (chronic inflammation) and under some condition as anti-inflammatory 

cytokine (acute inflammation) (Müllberg et al., 2000).  

In inflammation, the leukocytes migrate through vascular system at site of 

damaged tissue and destroy the causative agent but sometime it can also cause injury to 

the tissue. During chronic inflammation, macrophages and lymphocytes are involved. 

The level of IL-6 is increased in chronic inflammation which leads to various 

conditions such as rheumatoid arthritis (autoimmune disease) and crohn’s disease 

(Gabay, 2006). The expression pattern of IL-6 was analysed after the exposure of 

AME to chicken lymphocytes as presented in Figure 4.29. 

The expression pattern of IL-6 was analysed after the exposure of AME to 

chicken lymphocytes as presented in Table 4.22 and Figure 4.30. Cells without any 

treatment were taken as normal control and treatment with Dexamethasone at 

maximum non cytotoxic dose was taken as positive control. In control cells expression 

was taken as1 fold in comparison. Positive control showed decrease in expression as 

compared to control.  
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      Figure 4.27: Amplification of actin in cDNA synthesized from isolated mRNA from treated 
lymphocytes   (M: marker of 100bp, Lane 1 : control, Lane 2: DEXA, Lane 3: 
AME, Lane 4 to 6: LPS stimulated B cells ( Lane 4: control, Lane 5: DEXA, 
Lane 6: AME), Lane 7 to 9: Con A stimulated cells (Lane 7: control, Lane 8: 
DEXA, Lane 9: AME),  Lane 10 to 12: Macrophages enriched cells (Lane 10: 
control, Lane 11:   DEXA, Lane 12: AME)) 

 

  

 (A)  (B) 

 

 (C) 

Figure 4.28: Confirmation of annealing temperature of primers of various genes 
in gradient PCR (A. gradient PCR of Actin, B. gradient PCR of IL-
10, C. gradient PCR of iNOS (M: marker of 100 bp ladder)) 
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Table 4.22: Calculation with the threshold cycle (Ct) values for determining 
expression of IL-6 after treatment of AME in chicken lymphocytes 

Treatments 

Ct 
value 

of 
Actin 

Ct 

value 
of IL-6 

ΔCt value 
( Ct IL-6- 
Ct actin) 

ΔΔCt (ΔCt 

treatment- ΔCt 
Control) 

Fold expression 2- 
ΔΔCt   relative to 
expression of  

control 

Control 26.46 32.12 5.66 0 1 

DEXA 26.17 32.47 6.31 0.64 0.641* 

AME 23.38 32.03 8.65 2.99 0.125* 

CD (1%) CD (5%) SE(m)± 

0.104 0.069 0.020 
* Significant at P<0.05  

 

 

Figure 4.30: Expression analysis of IL-6 after AME treatment in chicken 
lymphocytes 
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The treatment of AME at maximum non cytotoxic dose showed significant 

decrease in the expression level of IL-6 cytokine in comparison to normal and positive 

control.  

As observed through lymphocyte proliferation assay, AME exposure decreased 

the proliferation of B and T cells. LPS stimulated B and Con A stimulated T cells when 

treated with AME and DEXA showed decrease in expression level of IL-6 as compared 

to respective controls. Table 4.23 and Figure 4.31 represents expression pattern of IL-

6 in LPS stimulated B cells. LPS stimulated B cells were taken as control and effect of 

AME and DEXA treatment was determined. The AME and DEXA showed significant 

decrease in expression of IL-6. 

In Con A stimulated T cells expression pattern of IL-6 is represented in Table 

4.24 and Figure 4.32. Con A stimulated T cells were taken as control and effect of 

AME and DEXA treatments on AME exposure was determined. The AME and DEXA 

showed decrease in expression of IL-6. Overall, there was significant decrease in 

expression of IL-6 due to AME exposure in various groups.  

Table 4.23: Calculation with the threshold cycle (Ct) values for determining 
expression of IL-6 in LPS stimulated B lymphocytes after treatment 
of AME  

Treatments 

Ct 
value 

of 
Actin 

Ct 

value 
of IL-

6 

ΔCt value( 
Ct IL-6- Ct 

actin) 

ΔΔCt (ΔCt 

treatment- ΔCt 
Control) 

Fold expression 2- 
ΔΔCt   relative to 
expression of 

control 

Control 22.72 29.41 6.69 0 1 

DEXA 27.45 34.22 6.77 0.08 1.1306 

AME 20.62 28.41 7.81 1.12 0.4763 

CD (1%) CD (5%) SE(m)± 

1.405 0.930 0.296 
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Figure 4.29: Expression analysis of IL-6 in AME treated chicken lymphocytes 

A. Lane 1: marker 100 bp ladder, Lane 2: untreated cell as control, Lane 3: DEXA, Lane 4: AME 

B. expression analysis of IL-6 in LPS stimulated B lymphocytes after AME treatment Lane 1: 
marker 100 bp ladder, Lane 2: control, Lane 3: DEXA, Lane 4: AME 

C. expression analysis of IL-6 in Con A stimulated T lymphocytes after AME treatment Lane 1: 
marker 100 bp ladder, Lane 2: control, Lane 3: DEXA, Lane 4: AME 

A 

B 

C 
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Figure 4.31: Expression analysis of IL-6 in LPS stimulated B lymphocytes after 
AME treatment  

 

Rajaram et al. (2017) reported that ethanolic and aqueous extracts of roots, 

stem and leaves of Aegle marmelos collected from different parts of India, showed 

decrease in expression level of IL-6 cytokine in LPS induced RAW 264.7 cell line. 

Root extract of Aegle marmelos showed more down regulation of expression level of 

IL-6 in comparison to stem extract. Leaf and root extracts of Aegle marmelos showed 

decrease in IL-6 expression which could be co related with  the anti-inflammatory 

effect of the plant due to presence of phytoconstituents like lupeol, lupeol linoleate in 

leaves and Marmin, marmesin, umbelliferine, skimmianine in roots. 

Verma et al. (2013) reported the hydromethanolic leaves extract of Aegle 

marmelos showed 25% decrease in expression level of IL-6 in N-methyl N-

nitrosourea-induced hepatocarcinogensis in Balb/c mice. Kasinathan et al. (2014) 

reported that the aqueous extract of fruit of Aegle marmelos was able to decrease the 

expression level of pro-inflammatory cytokine IL-6 in dextran sodium sulfate induced 

acute colitis in mice.  
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Table 4.24: Calculation with the threshold cycle (Ct) values for determining 
expression of IL-6 in Con A stimulated T lymphocytes after 
treatment of AME  

Treatments 

Ct 
value 

of 
Actin 

Ct 

value 
of IL-6 

ΔCt 
value(Ct 

IL-6- Ct 

actin) 

ΔΔCt (ΔCt 

treatment- ΔCt 
Control) 

Fold expression 2- 
ΔΔCt   relative to 
expression of 

control 

Control 23.43 28.90 5.47 0 1 

DEXA 22.04 29.85 7.81 2.34 0.2227* 

AME 23.32 31.12 7.80 2.33 0.2001* 

CD (1%) CD (5%) SE(m)± 

0.231 0.153 0.0442 
* Significant at P<0.05  

 

 

Figure 4.32: Expression analysis of IL-6 in Con A stimulated T lymphocytes after 
AME   treatment  

 

4.8.5  Quantification of expression level of IL-10 gene transcript in chicken 
lymphocytes after AME exposure through real time PCR. 

Interleukin 10 was also known as cytokine synthesis inhibiting factor because it 

inhibits the synthesis of IFNγ form Th1 cells. Various cells of immune response 

including macrophages, monocytes, T cell subset (Th1, Th2, Treg cells) can produce 
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IL-10. IL-10 is known as anti-inflammatory cytokine because it inhibits the pro 

inflammatory cytokines, chemokines and antigen presenting cells which are involved in 

inflammation. IL-10 shows anti-inflammatory response by affecting the transcription 

factor NF-kB. It blocks the nuclear translocation or binding of factor to DNA (Clarke 

et al., 1998).  

Interleukin 10 mainly affects the lymphocytes and antigen presenting cells. It 

regulates the balance between Th1 and Th2 cells. IL-10 suppresses the cellular 

immunity by decreasing the antigen presentation, proliferation of T cells and 

expression level of IL-2, IL-4 produced by T cells. It weakly affects the B cells by 

enhancing the differentiation of B cell into plasma cells and involves in class switching. 

IL-10 and IL-4 together inhibits the production of IgE but induces the production of 

IgG (Asadullah et al., 2003). The expression pattern of IL-10 was analysed after the 

treatment of AME to chicken lymphocytes as presented in Figure 4.33. 

The expression pattern of IL-10 was analysed after the treatment of AME to 

chicken lymphocytes as presented in Table 4.25 and Figure 4.34. Cells without any 

treatment were taken as normal control and treatment with Dexamethasone at 

maximum non cytotoxic dose was as positive control. In control cells expression was 

taken as 1 fold. Dexamethasone treated cells showed significant increase in the 

expression of IL-10 as compared to normal control and AME treated cells.  

Table 4.25: Calculation with the threshold cycle (Ct) values for determining 
expression of IL-10 after treatment of AME in chicken lymphocytes 

Treatments Ct value 
of Actin 

Ct value 
of IL-10 

ΔCt value( Ct 
IL-10 - Ct 

actin) 

ΔΔCt (ΔCt 

treatment- 
ΔCt Control) 

Fold 
expression 2- 
ΔΔCt   relative 
to expression 

at control 

Control 22.52 35.42 12.90 0 1 

DEXA 23.82 25.53 1.71 -11.20 2347.30* 

AME 22.54 24.51 1.97 -10.94 1960.20* 

CD (1%) CD (5%) SE(m)± 

84.743 56.108 16.236 

   * Significant at P<0.05  
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Figure 4.34: Expression analysis of IL-10 after AME treatment in chicken 
lymphocytes 

 

LPS stimulated B and Con A stimulated T cells when treated with AME and 

DEXA showed increase in expression level of IL-10 as compared to respective 

controls. Table 4.26 and Figure 4.35 represents expression pattern of IL-10 in LPS 

stimulated B cells. LPS stimulated B cells were taken as control and effect of AME and 

DEXA treatments was determined by comparing the expression of IL-10 among group. 

Both AME and DEXA treated cells showed increase in expression of IL-10.  

Table 4.26: Calculation with the threshold cycle (Ct) values for determining 
expression of IL-10 in LPS stimulated B lymphocytes after treatment 
of AME  

Treatments 
Ct value 
of Actin 

Ct value 
of IL-10 

ΔCt value( 
Ct IL-10 - 
Ct actin) 

ΔΔCt (ΔCt 

treatment- ΔCt 
Control) 

Fold expression 2- 
ΔΔCt   relative to 

expression of control 

Control 25.77 34.15 8.38 0 1 

DEXA 24.56 26.11 1.55 -6.83 115.204* 

AME 23.15 25.61 2.46 -5.92 62.188* 

CD (1%) CD (5%) SE(m)± 

49.253 32.610 9.436 
     * Significant at P<0.05  
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Figure 4.33: Expression analysis of IL-10 of AME treated chicken lymphocytes 

A. Lane 1: marker 100 bp ladder, Lane 2: untreated cell as control, Lane 3: DEXA, Lane 4: AME  

B. expression analysis of IL-10 in LPS stimulated B lymphocytes after AME treatment Lane 1: 
marker 100 bp ladder, Lane 2: control, Lane 3: DEXA, Lane 4: AME  

C. expression analysis of IL-10 in Con A stimulated T lymphocytes after AME treatment Lane 1: 
marker 100 bp ladder, Lane 2: control, Lane 3: DEXA, Lane 4: AME 

A 

B 

C 
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Figure 4.35: Expression analysis of IL-10 in LPS stimulated B lymphocytes after 
AME treatment  

 

In Con A stimulated T cells expression pattern of IL-10 was represented in 

Table 4.27 and Figure 4.36. Con A stimulated T cells were taken as control and effect 

of AME and DEXA treatment was determined.  

Table 4.27: Calculation with the threshold cycle (Ct) values for determining 
expression of IL-10 in Con A stimulated T lymphocytes after 
treatment of AME  

 

Treatments 

 

Ct 
value 

of 
Actin 

 

Ct 

value 
of IL-

10 

 

ΔCt value( 
Ct IL-10 - Ct 

actin) 

 

ΔΔCt (ΔCt 

treatment- ΔCt 
Control) 

 

Fold expression 
2- ΔΔCt   relative 
to expression of 

control 

Control 20.49 27.99 7.17 0 1 

DEXA 22.23 24.23 2.16 -5.12 35.918* 

AME 23.90 26.97 3.17 -4.10 17.349* 

CD (1%) CD (5%) SE(m)± 

21.066 13.947 4.036 
     * Significant at P<0.05  
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Figure 4.36: Expression analysis of IL-10 in Con A stimulated T lymphocytes after 
AME treatment  

 

AME and DEXA treated cells showed significant increase in expression of IL-

10 in comparison to control. As observed through LPA, AME showed decrease in 

proliferation of T cell. Overall increase in expression of IL-10 was observed after 

treatment of AME in all three groups. Rathee et al. (2017) reported in their study that 

hydromethanolic extract of leaves of Aegle marmelos at 100mg/kg showed significant 

increase in level of Interleukin-10 in wistar albino rats. 

4.8.6 Quantification of expression level of iNOS gene transcript in chicken 
macrophages enriched cells after AME treatment through real time 
PCR. 

Nitric oxide (NO) is produced by induced macrophages at high levels. The 

enzyme involved in (NO) production is inducible nitric oxide synthase (iNOS). 

Macrophages show their cytotoxicity by nitric oxide production. Nitric oxide act as free 

radical and interact with other radicals to show its effects. Nitric oxide inhibits various 

enzymes by binding with metal ion (iron) present at catalytic part of enzyme. At higher 

concentration, nitric oxide directly interacts with DNA of target cell and causes its 

fragmentation (Forstermann and Sessa 2011). The expression pattern of iNOS was 

analysed after the treatment of AME in macrophages rich cells as presented in Figure 

4.37. 
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Figure 4.37: Expression analysis of iNOS of AME treated chicken macrophages  

A. Lane 1: marker 100 bp ladder, Lane 2: untreated macrophages enriched cell as control, Lane 3: 
DEXA, Lane 4: AME  

B. expression analysis of iNOS in LPS stimulated B lymphocytes after AME treatment Lane 1: 
marker 100 bp ladder, Lane 2: control, Lane 3: DEXA, Lane 4: AME  

C. expression analysis of iNOS in Con A stimulated T lymphocytes after AME treatment Lane 1: 
marker 100 bp ladder, Lane 2: control, Lane 3: DEXA, Lane 4: AME 
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Table 4.28: Calculation with the threshold cycle (Ct) values for determining 
expression of iNOS after treatment of AME in chicken macrophages 
enriched cells 

Treatments Ct value 
of Actin 

Ct value 
of iNOS 

ΔCt value( Ct 
iNOS- Ct 

actin) 

ΔΔCt (ΔCt 

treatment- 
ΔCt Control) 

Fold 
expression 2- 
ΔΔCt   relative 
to expression 

at control 

Control 22.83 31.57 8.74 0 1 

DEXA 21.43 32.70 11.27 2.52 0.174* 

AME 22.17 33.52 11.34 2.6 0.165* 

CD (1%) CD (5%) SE(m)± 

0.0428 0.0283 0.008 
     * Significant at P<0.05  

 

The expression pattern of iNOS was analysed after the treatment of AME to 

chicken lymphocytes as presented in Table 4.28 and Figure 4.38. Macrophage rich 

population without any treatment was taken normal control and treatment with 

Dexamethasone at maximum non cytotoxic dose was positive control. In control cells 

expression was taken as1 fold. Positive control showed significant decrease in 

expression as compared to control, AME treated cells also showed significant decrease 

in expression in comparison to control. 

LPS stimulated B and Con A stimulated T cells rich population when treated 

with AME and DEXA showed decrease in expression level of iNOS as compared to 

their respective controls. Table 4.29 and Figure 4.39 represents expression pattern of 

iNOS in LPS stimulated B cells. LPS stimulated B cells were taken as control and 

effect of AME and DEXA treatment was determined. The AME and DEXA showed 

significant decrease in expression of iNOS in comparison to control. AME treated cells 

showed mere decrease in expression of iNOS in comparison to DEXA. In Con A 

stimulated T cells expression pattern of iNOS is represented in Table 4.30 and Figure 

4.40. Con A stimulated T cells were taken as control and effect of AME and DEXA 

treatment was determined. The DEXA and AME treated cells showed significant 

decrease in expression of iNOS in comparison to control cells. 
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Figure 4.38: Expression analysis of iNOS in macrophages enriched cells after 
AME treatment  

 

Table 4.29: Calculation with the threshold cycle (Ct) values for determining 
expression of iNOS in LPS stimulated B lymphocytes after 
treatment of AME  

Treatments Ct value 
of Actin 

Ct value 
of iNOS 

ΔCt value( Ct 
iNOS - Ct 

actin) 

ΔΔCt (ΔCt 

treatment- 
ΔCt Control) 

Fold 
expression 2- 
ΔΔCt   relative 
to expression 

of control 

Control 21.17 29.37 8.19 0 1 

DEXA 22.01 34.28 12.26 0.407 0.062* 

AME 23.09 36.21 13.12 4.925 0.034* 

CD (1%) CD (5%) SE(m)± 

0.047 0.031 0.009 
     * Significant at P<0.05  
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Figure 4.39: Expression analysis of iNOS in LPS stimulated B lymphocytes  after 
AME treatment  

 
Table 4.30: Calculation with the threshold cycle (Ct) values for determining 

expression of iNOS in Con A stimulated T lymphocytes after 
treatment of AME  

Treatments 
 

Ct value 
of Actin 

Ct value 
of iNOS 

ΔCt value( Ct 
iNOS- Ct 

actin) 

ΔΔCt (ΔCt 

treatment- 
ΔCt Control) 

Fold 
expression 2- 
ΔΔCt   relative 
to expression 

of control 

Control 20.91 29.31 8.39 0 1 

DEXA 21.80 32.00 10.23 1.83 0.2834* 

AME 22.36 34.24 11.58 3.19 0.1103* 

CD (1%) CD (5%) SE(m)± 

0.101 0.067 0.0194 
     * Significant at P<0.05  
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Figure 4.40: Expression analysis of iNOS in Con A stimulated T lymphocytes after 
AME treatment  

 

Overall significant decrease in the expression of iNOS in AME treated cells was 

observed in comparison to control was observed. It was also observed in Nitric oxide 

estimation assay, the treatment with AME showed decrease in content of NO which can 

be due to decrease in expression of iNOS. Various flavonoids present in extract could 

be a reason for decrease in expression of iNOS. Kim et al. (2004) reported that various 

flavonoids (Genistein, derivative of flavonoids apigenin, quercetin, and morin) can 

inhibit the production NO by reducing the expression of iNOS in LPS induced 

condition. 

Ozaki et al. (2010) reported that dexamethasone showed decrease in expression 

of iNOS in hepatocytes of Wister rats. The decrease in the expression iNOS was due to 

dexamethasone induced decrease in stabilization of mRNA of iNOS. Inspite of best 

efforts none of the reports were found in the searched litrature on inducible NOS 

expression analysis in chicken splenocytes after treatment of Aegle marmelos extract. 

Overall study showed that AME have the significant immunosuppressive and 

anti-inflammatory activity in chicken lymphocytes. AME down regulate the expression 
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of proinflammatory cytokine IL-6 and inducible NOS and significantly up regulate the 

expression of anti-inflammatory cytokine IL-10 in chicken lymphocytes. Al-Harbi et 

al. (2016) reported that dexamethasone showed dose dependent relationship with 

expression of proinflammatory and anti-inflammatory cytokines. Decreased in the 

expression of IL-6 and inducible NOS in LPS induced lung injury in mice and increase 

in expression of anti-inflammatory cytokine IL-10 was also observed after 

dexamethasone treatment. 
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 syassa .ziv  rbmeM  DOS ,)enoihtatulG decudeR( HSG ,)OPL( noitadixorep dipiL ena

 .noitamitse )ON( edixo cirtiN dna syassa )esalataC( TAC ,)esatumsid edixorepuS(

LI( snoitaludom enikotyC - lI ,6 -  eud setycohpmyl nekcihc fo noisserpxe SONi dna )01

 dessessa erew EMA fo erusopxe ot .RCP emit laer hguorht  

 fo tcartxe suoeuqa eht fo dleiy noitcartxe ehT solemram elgeA   dnuof saw sevael

 hcihw tcartxe ni delaever saw slacimehcotyhp suoirav fo ecneserP .%10.41 eb ot

e sdiokla dna sloretsotyhp ,sninopas ,sninnat ,sdionovalf ,slonehp sedulcni  scilonehP .ct

 ER 07.243 dna g/gm EAG 084 eb ot dnuof saw tcartxe eht ni tnetnoc sdionovalf dna

 tcartxe eht ni tneserp saw tnetnoc sdionovalf dna cilonehp rehgiH .ylevitcepser g/gm

  .tcartxe eht fo ytivitca evitadixoitna rehgih eht tneserper hcihw  

 mumixaM  )AXED( enosahtemaxed dna EMA fo )DCNM( esod cixototyc non

 saw ytilibaiv llec ni noitcuder tnedneped esoD .setycohpmyl nekcihc ni denimreted saw

 DCNM neht noitartnecnoc rehgih ta enosahtemaxed dna tcartxe eht ni devresbo .e.i  

 dewohs AXED dna EMA taht delaever yassa TTM .ylevitcepser ,lm/gn03 dna lm/gμ57

 sa denimreted si hcihw ylevitcepser ,lm/gn53 dna lm/gμ001 ta ytivitca cixototyc

 dna lm/gμ57 fo esod cixototyc non mumixaM .)DCM( esod cixototyc muminim

 AXED dna EMA rof lm/gn03  dna yrotaludomonummi eht erolpxe ot nesohc erew

 .setycohpmyl nekcihc ni tceffe evitadixoitna  

 retpahC 5 
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 esac ni noitarefilorp llec T ni % %5.51 dna %02.6 fo esaerced deyalpsid EMA
 llec B ni esaerced %32.9 saw erehT .ylevitcepser sllec detalumits AHP dna A noC fo

orp  .sllec detaertnu lortnoc ot derapmoc sa sllec detalumits SPL fo esac ni noitarefil
 deyalpsid AXED .setycohpmyl B dna T ni esaerced swohs osla enosahtemaxeD
 AHP dna A noC fo esac ni noitarefilorp llec T ni %05.81 dna %63.11 fo esaerced

ser ,sllec detalumits  esac ni noitarefilorp llec B ni esaerced %03.21 saw erehT .ylevitcep
.EMA dna lortnoc ot nosirapmoc ni sllec detalumits SPL fo  

 gnignevacs lacidar ON dna HPPD ni ytivitca evitadixoitna deyalpsid EMA

CI .yassa 05  μ 11.332 eb ot detaluclac saw tcartxe fo eulav  ni lm/gμ08.311 dna lm/g
CI rewoL .ylevitcepser yassa gnignevacs lacidar ON dna HPPD 05   eht stneserper eulav

 eht retfA .laitnetop evitadixoitna rehgih ni -  ortiv  ni EMA fo DCNM fo erusopxe

narbmeM hguorht denimreted saw sutats evitadixoitna setycohpmyl nekcihc  dipil e
 edixo cirtin dna ytivitca esalataC ,slevel DOS ,slevel HSG ralullecartni ,noitadixorep
 desaerced yltnacifingis saw ON dna noitadixorep dipil enarbmem fo level ehT .tnetnoc

alullecartni fo level esaercni tnacifingis saw ereht tub tnemtaert EMA retfa  DOS ,HSG r
 saw ON ,OPL ni esaerced dna DOS ,HSG fo level ni esaercnI .ytivitca esalatac dna
 syassa eht llA .tcartxe eht fo laitnetop evitadixoitna fo evitacidni eb ot deredisnoc

.laitnetop evitadixoitna tnacifingis evah EMA taht demrifnoc detcudnoc  

pxe EMA  doog fo ANR .noitalosi ANR rof desu erew setycohpmyl nekcihc deso
 rof etalpmet sa desu ANDc .noitaraperp ANDc rof dezilitu saw ytitnauq dna ytilauq

LI fo noisserpxE .RCP emit laer ni SONi dna senikotyc fo sisylana noisserpxe - LI ,6 -  01
detaulave saw SONi dna   EMA .esod cixototyc non mumixam ta tnemtaert EMA retfa

LI enikotyc yrotammalfniorp fo noisserpxe eht desaerced yltnacifingis -  elbicudni dna 6
LI fo noisserpxE .esnopser yrotammalfni ni devlovni era hcihw SON -  saw 01

itna na si hcihw desaercni yltnacifingis -  evisserppusonummi dna yrotammalfni

.EMA fo etubirtta evisserppusonummi rof nosaer eht eb dluoc sihT .enikotyc  

:taht dedulcnoc eb nac ti gnidnif evoba morF  

  fo tcartxe sevael suoeuqa ehT solemram elgeA   slacimehcotyhp suoirav evah

ser era hcihw ,ti ni tneserp  yllaiceps ytivitca evitadixoitna eht rof elbisnop
.EMA ni stnetnoc sdionovalf dna scilonehp hgih fo ecneserp  

  eht gnisserppus yltnacifingis yb ytivitca evisserppusonummi dewohs EMA

.setycohpmyl B dna T fo noitarefilorp   ortiv nI si metsys erutluc setycohpmyl   a
.gnineercs yranimilerp hcus rof metsys lacihte dna tneinevnoc ,kciuq  
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  fo tcartxe ehT solemram elgeA   sa laitnetop evitadixoitna tnacifingis dewohs

 ,OPL ni sa llew sa yassa gnignevacs lacidar ON dna HPPD hguorht devresbo

irtiN dna syassa esalataC ,DOS ,HSG  EMA ni tuo deirrac noitamitse edixO c

.sllec detaertnu lortnoc ot nosirapmoc ni setycohpmyl nekcihc detaert  

  detaert EMA fo DCNM eht ni tuo deirrac saw senikotyc fo sisylana noisserpxE

ni esaerced tnacifingis dewohs sllec detaert EMA .setycohpmyl nekcihc   eht

LI( enikotyc yrotammalfni orp fo noisserpxe -  eht ni esaercni dna )SONi dna 6

itna fo noisserpxe - LI( enikotyc yrotammalfni -  detaertnu ot nosirapmoc ni )01

sllec  

itna ,evisserppusonummi swohs tcartxe taht tcaf ot noitaredisnoc nI -

dixoitna dna yrotammalfni  fo tnempoleved rof erom derolpxe eb dluohs ti ,ytivitca evita

 rof detaulave eb dluohs tnalp revewoH .sgurd cituepareht dna evitneverp desab tnalp

 elbatius ni stceffe lacigolocamrahp rehtruf oviv ni   dna ortiv ni   sisylana ralimiS .metsys

ed rof desu eb dluoc  rof elbisnopser msinahcem ralucelom eht gnitaenil

itna dna evisserppusonummi eht gnitadilav dna tnalp fo seitreporp yrotaludomonummi -

.EMA fo seitreporp yrotammalfni  

  



 

 

Literature Cited 



detiC erutaretiL … 

 detic erutaretil  

  

H ibeA .)4891( .  nI .ortiv ni esalataC  ygolomyzne ni sdohteM  121:)2(501 -  .621  

)1002( .D .G ,rJ llahsraM dna .K .S lawragA  2 epyt setomorp enosahtemaxeD .

.senikotyc 1 epyt fo noitibihni hguorht yliramirp noitcudorp enikotyc   fo lanruoJ

craeseR enikotyC & norefretnI h, 12 741 :)3( - .551  

 .J ,ffolE dna .V oodiaN ,.J .L waGcM ,.N yeldooM ,.E .E  ihsaroglE ,.S .A demhA

.)2102( .N  itna ,evitadixoitna ,laiborcimitna ehT -  dna ytivitca yrotammalfni

 desu seiceps ainihuaB nacirfA htuoS ruof fo snoitcarf tnereffid fo yticixototyc

t .aeohrraid taert ot yllanoitidar  ygolocamrahponhte fo lanruoJ , 341 628 :)3( - .938  

 malsI ,.R nahaZ ,.M namajjudasA ,.S .N yruhdwohC ,.S .M niassoH ,.B .M malA

)1102(.A malsI  dna .E .M euqaH ,.H .E .M redmuzaM ,.M .M  ,tnadixoitnA .

itnA - itnA dna yrotammalfni -p  fo seitivitcA citery bxoR acioid sehtnasohcirT  .

 .stiurF ygolocixoT dna ygolocamrahP fo lanruoJ 044 :)5( 6 , - .354  

lA - lA ,.F mamI ,.O .N ibraH -  yhsaroK ,.M .K riehoZ ,.A .M irasnA ,.M .M ibraH

deyaS ,.M .H - .F .S damhA  dna .A.O hanabahS ,.M.S aittA ,.M.M demhA  

)6102( SPL setaunetta enosahtemaxeD . - ujni gnul etuca decudni  hguorht yr

FN fo noitibihni - XOC ,Bκ - orp dna ,2 - .srotaidem yrotammalfni   lacigolonummI

snoitagitsevni , 54 943 :)4( - .963  

 ieaiZ dna M inazamaR ,K aindivaJ ,A rhemdazA ,M inamhaB ,Z narfohgrimA

)0102(A  fo tceffE . iinayazrim aivlaS  tcudni dna metsys enummi eht no  fo noi

.setycohpmyl doolb larehpirep ni sisotpopa  hcraeseR tcudorP larutaN  :)6(42 ,

005 - .805  

.)7002( .B .B lawraggA dna .A .R namweN ,.B .A arakkamunnuK ,.P dnanA  

.sesimorp dna smelborp :nimucruc fo ytilibaliavaoiB   raluceloM

scituecamrahp , 4 708 :)6( - .818  

rA )0991( .A amijayiM ,.F eeL ,.K ia  ni dna enummi fo srotanidrooC :senikotyC .

 .sesnopser yrotammalfni yrtsimehcoiB fo weiveR launnA 387:95 , - .638  



detiC erutaretiL … 

 .)1102( .A irawiT  dna .R luaP ,.S .J anahcrA  ecruos hcir A :stnalP lanicideM naidnI

.rotaludom onummi larutan fo  ygolocamrahP fo lanruoJ lanoitanretnI , 7  :)2(

891 - .502  

 .)7002( .K ujaralaB dna .P naitsagA ,.K mabnireP ,.S jarayikorA  evisserppusonummI

negotim no sllih illoK fo stnalp lanicidem fo tceffe -  eht fo noitarefilorp detalumits

raelcunonom doolb larehpirep namuh  .ortiv ni sllec   fo lanruoJ naidnI

ygolocamrahP , 93 081 :)4( - .381  

)3002(.D .H kloV dna .W yrretS ,.K halludasA nikuelretnI . - ypareht 01 -  a fo weiver

.hcaorppa wen  sweiver lacigolocamrahP , 55 142 :)2( - .962  

B ,G .W  notpmiK ,.S .L notliH  ,A .K snikneJ  ,.M fisA  lahtnewoL dna .D.G .A nae
)4002(.W .J . .seniccav naiva rof stnavujda sa senikotyC   lleC dna ygolonummI

ygoloiB 836 :28  , – .346  

)8991( .S iruP dna .K ihcgaB .esaesid  dna htlaeh ni stnadixoitnA dna slacidar eerF .  

elatneiro eenarretidem al ed etnaS ed euveR aL 053 :)2(4 , - .063  

)1102(.F lazaF ,.N hpesoJ ,.P.H tahB ,.S.M agilaB  lanicidem dna yrtsimehcotyhP .

( tiurf leab fo sesu aerroC solemraM elgeA  .weiver esicnoc A :)  hcraeser dooF

lanoitanretnI 8671: 44 , - .5771  

)8991( .M.R namnietS dna .J uaerehcnaB lec citirdneD .  fo lortnoc eht dna sl

 .ytinummi erutaN  , 293  :)3766( 542 - .252  

)5991( .F illedraleB  eht fo noitaluger eht ni senikotyc rehto dna snorefretni fo eloR .

161 :301 SIMPA .esnopser enummi – .971  

)0102( .V .S oaR ,.R.A yddeR ,.S .G oaR ,.G.A yddeR ,.K ivarahB asreveR .  fo l

 negotpda labreh yb nekcihc ni sserts evitadixo decudni muimdac  ainahtiW

arefinmos   dna mutcnas numicO  , ygolocixoT fo lanruoJ lanoitanretnI  :)2(71 ,

951 -  .361  

 ,.A  elanretarF ,.S  udnurB ,.C ireppapS ,.S izarO ,.M  attoneM ,.S ittoigaiB
ssoR ,.M  ihcnaiB .)6102( .M  inangaM  dna .L  assehC ,.L i   enosahtemaxeD

2FRN na gnitomorp yb sllec aisatceignalet aixata ni etats xoder sevorpmi  

.esnopser tnadixoitna detaidem  lanruoj SBEF ehT , 382 2693 :)12( - .8793  



detiC erutaretiL … 

)3102( .T .A onitraM dna .E agijjiB LI( 01 nikuelretnI . - 01  dna enikotyC yrotalugeR )

.secneuqesnoC lacinilC sti  .ygolonummI ralulleC & lacinilC fo lanruoJ  

)0002( .P .D niksirB .  tnalP gnikniL .senicidemotyhP dna stnalP lanicideM

.htlaeH namuH ot ygoloisyhP dna yrtsimehcoiB  ygoloisyhP tnalP 705 :421 , -

.415  

 .N ytsirB  .K .K malA dna .P yoR ,.B .T dehaW ,.N .M malA ,.N .A nasaH ,.J

)7102(  cilonahtem fo laitnetop cixototyc dna tnadixoitna fo noitaziretcarahC .

 fo strap tnereffid fo stcartxe solemram elgeA  .).L(   fo lanruoJ lanoitanretnI

hcraeseR dna secneicS lacituecamrahP , 8 6741:)3( - .4841  

)4102( .S .C retsoF ,.C ocnalbitsaC  rof noisserppusonummI cimetsyS fo weiveR .

 .sitievU enummiotuA yparehT lomlahthpO 71:)2(3 , – .63  

)0002( .A olleireC  .noitalugeR cimecylG dna ssertS evitadixO . msilobateM 72 :)2(94 , -

.92  

 amuzA ,.A rekardnahC    kcocnaH ,.L .N yenliT ,.B .C retnepraC ,.K  uaedaN ,.H

)8991( .H .M  hgeyaS  dna ,.W .W  noitalumitsoc llec T fo edakcolb etaL .

 .noitcejer tfargolla cinorhc latnemirepxe fo noissergorp stpurretni  lanruoJ ehT

noitagitsevni lacinilc fo 9032 :)11(101 , - .8132  

)9002( .M lawragA dna .A nahuahC  suoeuqa fo ycneciffe evitcepsatnoc fo tnemessA .

 fo  tcartxe L .rroc slomraM elgeA   .star onibla elam ni ytilitref namuH 701 :21 , -

.811  

 .)3991( .P iksnyzcmohC elgnis eht rof tnegaer A -  ,ANR fo noitalosi suoenatlumis pets

na AND .selpmas eussit dna llec morf snietorp d  seuqinhcetoiB , 51 235 :)3( - .435  

)8991( .M .B llewxoF dna .A tnuH ,.A selaH ,.J .C ekralC LI .  detaidem�01�

FNT fo noisserppus �  BκFN tibihni ot ytiliba sti fo tnednepedni si noitcudorp α

.ytivitca  mmi fo lanruoj naeporuE ygolonu , 82 9171 :)5( - .6271  

)1102( .E .K nampahC dna .E .A ohnituoC itna ehT . -  dna yrotammalfni

 dna stnempoleved tnecer ,sdiocitrococulg fo stceffe evisserppusonummi

.sthgisni citsinahcem  ygolonircodnE ralulleC dna raluceloM 2:)1(533 . – .31  



detiC erutaretiL … 

.R eeL ,.J .T deerC   .M .C nayaD dna .M ujaR ,.J .A orbmaM ,.V .P bmocweN ,.W
)9002(  yb noitarefilorp etycohpmyl fo noisserppus no senikotyc fo stceffe ehT .

.enosahtemaxed  ygolonummI fo lanruoJ ehT , 381 461 :)1( - .171  

)9002( .N .M droffilC dna ,.B .I htanagaJ ,.A reizorC ateiD .  ,yrtsimehC :scilonehp yr

 .htlaeh no stceffe dna ytilibaliavaoib  ,stropeR tcudorP larutaN 1001:)8(62 –

.3401  

.)0102( .K.D avatsavirhS ,.S.K.R irawiT ,.K saD   fo noitaulave rof seuqinhceT

utuf dna sdohtem tnerruc :tnega laiborcimitna sa stcudorp tnalp lanicidem  er

 .sdnert hcraeseR stnalp lanicidem fo lanruoJ 401 :)2(4 , - .111  

)2002( .B .K siniaS ,.A.P.T mayagasaveD  stnadixoitna dna metsys enummI .

 .stnalp lanicidem naidnI morf devired esoht yllaicepse  fo lanruoj naidnI

ygoloib latnemirepxe 936 :04 , - .556  

aL ,.K amahD  ,.U.R nahK ,.R irawiT ,.K kihtraK ,.A .H damaS ,.S inaM ,.K.S feeht
)5102(.M ynawagalA  fo noitcA fo sedoM dna noitacilppA laicifeneB elpitluM .

 .weiver A :noitcudorP dna htlaeH yrtluoP ni sbreH  fo lanruoJ lanoiataanretnI

ygolocamrahP 251 :)3( 11 , - .671  

ikciD )2002( .J .H namroF dna .A .D nosn  sloiht dna enoihtatulg ralulleC .

.msilobatem  ygolocamrahp lacimehcoiB , 46 5( - 9101 :)6 - .6201  

siniD - zehcnaS ,.F oaimeR ,.A .J etrauD ,.J .R  arievilO -  .L .M sotsaB ,.A orravaN
)6002( .F ohlavraC dna htemaxed esod hgih elgniS .  sesaerced tnemtaert enosa

tauqarap fo etar lavivrus eht sesaercni dna erocs lacigolohtap eht -  detacixotni

.star  ygolocixoT , 722 1( - 37:)2 - .58  

)4002( .B .V civejdrojD .ygoloib llec ni slacidar eerF .   fo weiver lanoitanretnI

ygolotyc , 732 75 : - .19  

ileV ,.A averdE  .E ,avehseG dna .L şatkA ,.A lerüG ,.S nongaD ,.T venosT ,.V avok
)8002( ssertS . -  snoitcnuf fo ytisrevid :setilobatem yradnoces fo elor evitcetorp

.smsinahcem dna  reneG ygoloisyhP tnalP deilppA dna la , 43 76 :)2( - .87  

namllE  )9591( .L .G .spuorg lyrdyhflus eussiT .   dna yrtsimehcoib fo sevihcrA

scisyhpoib , 28 07 :)1( - .77  



detiC erutaretiL … 

)5102( .E .M odacsubmE stnadixoitna fo secruos larutaN :sbreh dna secipS . –  inim a
.weiver  itcnuF fo lanruoJ sdooF lano , 81 118 : - .918  

)2102( .C.W asseS dna .U nnamretsroF  dna noitaluger :sesahtnys edixo cirtiN .
 .noitcnuf lanruoJ traeH naeporuE 928 :)7(33 , – .738  

)7002( .C .M itoF .slonehp fo seitreporp tnadixoitnA .   dna ycamrahP fo lanruoJ
ygolocamrahP , 95 3761 :)21( - .5861  

 yenhserF .)5002( .I .R  .sllec lamina fo erutluC .yticixototyC  

6002( .C yabaG nikuelretnI .) -  .noitammalfni cinorhc dna 6  & hcraeseR sitirhtrA
yparehT .3S ,)2(8 ,  

)2102( .J sinpiK dna .T .G sirroN ,.C .J knorC ,.P .S inadaG LI . -  a :niarb eht ni 4
nikotyc .rebmemer ot e  ygolonummI fo lanruoJ ehT , 981 3124 :)9( - .9124  

)7102(.R .B llewkcotS dna .M .M relhcsaG .htaed llec ni noitadixorep dipiL .   lacimehcoiB
snoitacinummoc hcraeser lacisyhpoib dna , 284 914:)3( - .524  

)8891( .C inoilgaB dna ,.S sseldnaCcM ,.S inasseG .  enosahtemaxeD diocitrococulG ehT

 .ANRm stI fo leveL eht gnisaerceD yb norefretnI fo sisehtnyS stibihnI  lanruoJ ehT
tsimehC lacigoloiB fo 4547 :)61(362 , - .7547  

)1102( .J eejrenaB ,.I.H kcilluM ,.S eejrenaB ,.K.A hsohG  A :elaniciffo rebigniZ .

 .dlog larutan I ,secneicsoiB dna amrahP fo lanruoJ lanoitanretn  382:)1(2 - .492  

)0991( .J .L orrangI dna ,.J otukuF ,.E .R  snryB ,.S .K dooW ,.E .M dloG GN . -
lyhtem -L- muilehtodne sesuac eninigra -  fo noitibihni dna noitcartnoc tnedneped

niev dna yretra ni noitamrof PMG cilcyc .  ymedacA lanoitaN eht fo sgnideecorP
secneicS fo , 78 0344 :)21( - .4344  

)3002(.M hceneF dna .W dorneerG  stnenopmoc cilohocla dna cilonehp lapicnirp ehT .
edixorep negordyh tsniaga setycohpmyl namuh tcetorp eniw fo -  gnizinoi dna

noitaidar - ni egamad AND decudni   .ortiv .sisenegatuM  911:)2(81 – .621  

.)6102(R.S raklahpahC dna .A atpuG   fo laitnetoP cixototyC dna evisserppusonummI
 morf sdionovalF acidni arefignaM ,ailofivrap anygartiM   dna solemram elgeA  .

seidutS lacigolocixoT dna ygolocamrahP fo lanruoJ 1 :)1(4 , - .5  



detiC erutaretiL … 

puG )6102( .R .S raklahpahC dna .C .A  hkiahS ,.A at  evitcA fo noitarolpxE .

 morf setilobateM  solemraM elgeA dna  silaniciffO  acilbmE   sti gninimreteD rof

seitreporP evisserppusonummI ygoloiB ni hcraeseR evissergorP fo lanruoJ .  .

911 :)1(3 - .621  

amrahS ,.K.V atpuG  )6002( .K.S .  .stnadixoitnA larutaN sa stnalP  tcudorp larutaN

ecnaidar 623 :)4(5 , - .443  

)5991(.B lawillaH .msianhcem dna ygolodohtem noitaziretcarahc tnadixoitnA .  

ygolocamrahP lacimehcoiB 1431 :)01(94  , - ,8431  

)2102( .B llewillaH nadixoitna dna slacidar eerF . .weiv lanosrep a gnitadpu :st   noitirtuN

sweiver , 07 752 :)5( - .562  

)3991(.S ocirihC dna .B llewillaH  ,tnemerusaem ,msinahcem sti :noitadixorep dipiL .

.ecnacifingis dna  noitirtun lacinilc fo lanruoj naciremA ehT , 75 S517:)5( - .S527  

.)1102( .F eH  ietorP drofdarB .yassA n  oiB - locotorp  .54e :)6(1 ,  

 .S auoaJ dna .M kamaD ,.M .R ayarraJ ,.B .R ruosnaM ,.M iugirT ,.B .A anuosH

 .)1102(  fo ytivitca laiborcimitna dna tceffe yticixototyc ,noitisopmoc lacimehC

auqilis ainotareC  sniaga stceffe evitavreserp htiw lio laitnesse  airetsiL t

 .taem feeb decnim ni detaluconi ygoloiborciM dooF fo lanruoJ lanoitanretnI  ,

66 :)1(841 - .27  

)0102( .A.P oiduaG dna .J.J gnauH ni ralucO .  :launam sitievu dna esaesid yrotammafl

.snikliW & smailliW ttocnippiL :eromitlaB .tnemtaert dna sisongaid  

euonI   ,imustU dna .I ,adamI ,.Y ,ariK ,.M .A  kraP ,.M  awakihsiN ,.F .E otaS ,.M

)3002( .K  ni elor sti dna seiceps negyxo evitcaer fo noitareneg lairdnohcotiM .

.efil ciborea  yrtsimehc lanicidem tnerruC  , 01 5942:)32( - .5052  

 .)1102( .M .C ajarayahtI iniM - M :weiveR  erutcurtS raluceloM dna snoitcnuF cilobate

 .esatcudeR enoihtatulG fo  secneicS lacituecamrahP fo lanruoJ lanoitanretnI

,hcraeseR dna weiveR  401:)2(9 - .511  



detiC erutaretiL … 

)3002( .S .M ,agilaB dna .P hsetakneV ,.C .G aitegaJ  evitcetorpoidar eht fo noitaulavE .

 fo tceffe elgeA  solemram   doolb larehpirep namuh derutluc ni aerroC ).L(

 suelcunorcim a :noitaidar�γ fo sesod tnereffid ot desopxe setycohpmyl

.yduts  sisenegatuM , 81 783 :)4( - .393  

,.C.G aitegaJ    ,.K.S oaR  )4002( .S.K ubaB dna .C.M agilaB  fo noitaulavE ehT .

cS edixO cirtiN  A :ortiv ni snoitalumroF labreH niatreC fo ytivitcA gnigneva

 .ydutS yranimilerP hcraeseR yparehtotyhP 165 :)4(81 . – .565  

)1791( .F .M sevaerG dna .G yssonaJ  B dna T fo esnopseR .I :noitavitca etycohpmyL .

.snegotimotyhp ot setycohpmyl  atnemirepxE dna lacinilC ygolonummI l , 9  :)4(

.384  

.)7991( .R .V ailiceC dna .A .G .S ecinereB ,.J .H ésoJ   tnadixoitna fo noitcudnI

.gnul tar tluda eht ni enosahtemaxed yb semyzne  secneics efiL , 06 9502:)32( -

.7602  

)0102( .P resiaK ygolonummi naiva ni secnavdA . -  esaesid rof stcepsorp  a :lortnoc

.weiver  ygolohtaP naivA , 93 903 :)5( - .423  

)4002( .P ecnirP dna .N nannakkalamaK itna dna citebaiditnA . -  fo ytivitca tnadixo

nicotozotperts ni tcartxe solemram elgeA - .star citebaid decudni   lacituecamrahP

ygoloib , 24 521 :)2( - .031  

S ,.K .N nahtanisaK  .N marapmahtisaviS dna .I ,naidnaP ,.R .B ayinamarbu

)4102(.D  . solemram elgeA   decudni etaflus muidos nartxed setaba tcartxe tiurf

orp fo noisserpeR :ecim ni sitiloc etuca -  cinoloc gnirud senikotyc yrotammalfni

.noitammalfni  oitirtuN evitneverP & enicidemoiB n, 4 703 :)2( - .713  

.)6002( .G lataW  dna  ,.S rakawiD ,.K .S hgniS ,.K .R atpuG ,.N .A iraseK  

 fo ytivitca cimecylgrepyhitna dna cimecylgopyH solemram elgeA   tcartxe dees

 .star citebaid dna lamron ni ygolocamrahponhte fo lanruoJ 473 :)3(701 , - .973  

 ,.F hgilahK )1102( .A yrizaV dna .A imiraK ,.G ihgedaS  tnereffid fo noitaulavE .

 stnalP lanicideM fo lanruoJ .snekcihc reliorb rof teid ni sdnelb tnalp lanicidem

1791:)01(5 ,hcraeseR - .7791  



detiC erutaretiL … 

)6002( .C .A.W lleweS ,PCRM .S nahK  .sgurd evisserppusonummi larO.  lacinilC

cideM eni 253 :)4( 6 , - .553  

)4002( .S .S gnaK dna .W .H gnahC ,.H .K noS ,.P .H miK itnA . -  tnalp yrotammalfni

.smsinahcem noitca ralullec dna sdionovalf   lacigolocamrahp fo lanruoJ

secneics , 69 922 :)3( - .542  

)4002(.M .J otuzzeP dna .P .T kuytardnoK  tcudorp larutaN .  ecnaveler fo slonehpylop

.htlaeh namuh ot  ygoloiB lacituecamrahP , 24 64 :)1( - .36  

 niassuH ,.P ihtavamdaP ,.D .V yddeR ,.A .M meeraK ,.S .S .G anhsurK  dna .A .S

1102( .D .L ,alehdidoK )  . solemram elgeA  loneretorposi setaunetta tcartxe tiurf -

s evitadixo decudni .star ni ssert   dna yrtsimehcoib lacinilc fo lanruoJ

noitirtun , 05 991 :)3( - .402  

)2102( .K .Y atpuG dna .K .S amrahS ,.A avatsavirS ,.G  ramuK  noitaulave ytefaS .

 ni yendik dna revil ,niarb no itav inihdravaygorA ,enicidem cidevruyA na fo

.star  hte fo lanruoJ ygolocamrahpon , 041 151 :)1( - .061  

)6102(.S .A ramuK . .sgurd wen fo ecruos erutuF :stnalp lanicideM   lanoitanretnI

enicideM labreH fo lanruoJ 95 :)4(4 , - .46  

.)2102( .V ramuK dna .K .V atpuG ,.A .Z tahB ,.R ruaK ,.V ayrA ,.D ramuK   A

i srotaludomonummi fo weiver  erac htlaeh lanoitidart naidnI eht n

.metsys  noitcefnI dna ygolonummI ,ygoloiborciM fo lanruoJ , 54 561 :)3( -  .481  

)6102(.H lasnaB dna .B .R aldoB ,.S ramuK  fo tcartxe fael fo ytivitca tnadixoitnA .

solemram elgeA  .bxoR xe aerroC  lanruoJ ysongocamrahP , 8 :)5(  744 - .054  

)3102( .K.K anexaS dna .K.P idoM ,.V ramuK  evitcetorpotsih fo noitarolpxE .

 eht fo tcartxe suoeuqa fo ytivitca ailofidroc aropsoniT   .yduts latnemirepxe nA :

hcraeseR lacinilC dna lacituecamrahP fo lanruoJ naisA 78 :)2(6 , - .19  

eeW ,.P .K .D .K iramuK  .K ehgnisaramaS ,.M .S ittennudnaH ,.S .C .T nookar

)4102( .S .T hseruS dna itnA . -  fo stcartxe rewolf deird fo ytivitca yrotammalfni

solemram elgeA  .star ratsiW ni  ygolocamrahponhte fo lanruoJ , 151 2021:)3( -

.8021  



detiC erutaretiL … 

tagroB ,.N ihcnaiB ,.D olletraM ,.I itnorpmaL  ,.R aviP ,.E initrebmaL ,.M it  rabbaJ

 ,.H .T .M nahK ,.K.S.M iruhduohC  .S )3002( .R ,irabmaG  ortiv nI .

 eht morf stcartxe fo senil llec romut namuh no stceffe evitarefilorpitna

 tnalp lanicidem ihsedalgnaB aerroC solemram elgeA . enicidemotyhP , 01  :)4(

003 - 03 .8  

)3102(.R nasadihtaraB ,.A .H damaS ,.Y.M inaW ,.K amahD ,.K.S feehtaL  .

( sbreh ruof fo tceffe etaroilemA  ,acidni athcaridazA ,ailofidroc aropsoniT

 arefinmos anahtiW  suoitcefni fo sisenegohtap eht no )labreh ES erac E dna

suriv aimeana nekcihc oitanretnI .  ,hcraeseR tnerruC fo lanruoJ lan 7232 :)8(5 -

.1332  

.)2791( .J .W woldaH dna ,.L namrutS ,.C .G ellevaL   fo neelps esuom morf noitalosI

.suriv eiparcs rof ytivitcefni cificeps hgih htiw snoitalupop llec   dna noitcefnI

ytinummi , 5 913 :)3( - .323  

A edoB ,.W .K eeL )1102( .Z gnoD dna .M .  rof slacimehcotyhp fo stegrat raluceloM .

.noitneverp recnac  recnaC sweiveR erutaN , 11 .112 :)3(  

)3002(.C.A nenyeB ,.R asoL ,.M renhserF ,.J.H treppaK ,.H strevE ,.W.K eeL  .

rofrep htworg no tsnenopmoc slio laitnesse yrateid fo stceffE  evitsegid ,ecnam

 .snekhcihc reliorb elamef ni msilobatem dipil dna semyzne  yrtluoP hsitirB

secneicS 054 :)3(44 , - .754  

)8002( .S.J miL ,.S.K nihS ,.S eeL ,.S.K miK ,.S.B miK ,.I.S eeL  .

itavitca TAFN fo noitibihni aiv nigalacinup fo ytivitca evisserppusonummI .no  

,snoitacinummoC hcraeseR lacisyhpoiB dna lacimehcoiB  997 :)4(173 - .308  

lihoC ,.S civonaderS ,.S vokvaP ,.G civorodoT ,.I apakrabraC ,.J civeL -  .T ajnolag

)1102(.L civonidatsoK dna  . otriv nI   morf lio laitnesse fo ytivitca laiborcimitna

caimaL ylimaf tnalp  .eae srettel lacigolonhcetoib nainamoR 4306 :61 , - .1406  

niL ,.H.S iasT ,.T.Y gnauH ,.C.Y gnaiL - )9991( .K.J niL ,.F.C nehC ,.Y.S uaihS  .

 yb esahtnys edixo cirtin elbicudni dna esanegyxoolcyc elbicudni fo noisserppuS

am esuom ni sdionovalf detaler dna ninegipa  .segahporc ,sisenegonicraC  

5491:)01(02 – .2591  



detiC erutaretiL … 

)8991( .A .K ,nainamarbusalaB dna .O ,draneB ,.M ,hsedaM  enoihtatulG .

TH devired noloc namuh fo noitisopmoc dipil setaludom - .sllec 92   ehT

ygoloiB lleC & yrtsimehcoiB fo lanruoJ lanoitanretnI , 03 5431 :)21( - .2531  

)0002( .R.N htrowsnraF ,H.H gnoF ,.C llahnellyG ,.B.G ydahaM  a :sgnesniG .

 .ycaciffe dna ytefas fo weiver eraC lacinilC ni noitirtuN 09:3 , - .101  

 .)2102( .la re damaS AH .K .S feehtaL dna .R beD ,.R .A amihaM  yrotaludomonummI

reh fo slaitnetop cituepareht dna  yraniretevonhte dna suonegidni/lanoitidart ,lab

 .senicidem secneicS lacigoloiB fo lanruoJ natsikaP  , 51 457 : - .477  

)9002( .K .D arhsiM dna ,.U yayhdapoydnaB ,.D adsnaH ,.P ytiaM  lacigoloiB .

 ,leaB fo stneutitsnoc lacimehc dna stcartxe edurc fo seitivitca lgeA  solemram e

rroC ).L( . ygoloiB latnemirepxE fo lanruoJ naidnI 948:)11(74 , - .16  

)5102(.A .A nahK ,.D nahaJ ,.M ayiaqoR ,.F .S ideejaM .  sbreh yrotaludomonummI

.weiver A :enicidem inanU fo  enicideM labreH fo lanruoJ lanoitanretnI  :)4(3 ,

91 - .12  

nahdoB ,.N erakaM )1002( .V iragnaR dna .S rak  fo ytivitca yrotaludomonummI .

 fo tcartxe cilohocla L acidni arefignaM  .ecim ni . ygolocamrahponhtE fo lanruoJ  ,

331 :)3(87 - .731  

)7102( .R ikraK ,B amrahS ,.R .K leduaP ,.B rahdnanaM  eliforp lacimehcotyhP .

itca lacigolocamrahp dna  fo ytiv nniL solemram elgeA  .  evitargetnI fo lanruoJ

enicideM 351 :)3(61 , - .361  

 dna .Z ibarhG ,.B .I inaliJ ,.N imuollE ,.M zizauoB ,.B iruograG ,.B .R ruosnaM

.)1102( .S ,deuossaL   ecnecserolfni fo tcartxe cilonahte fo ytivitca tnadixoitnA

nacirfA sinemrO fo .serutluc llec ni dna ortiv ni a   dna htlaeh ni sdipiL

esaesid , 01 .87 :)1(  

yorD ,.L rekcaP ,.L iccocraM - sèdraG dna .A ikakeS ,.T .M xiafeL -  treblA

)4991(.M  .167 bGE tcartxe abolib ogkniG fo noitca tnadixoitnA .  ni sdohteM

,ygolomyzne  264 :432 - .574  



detiC erutaretiL … 

,.S snetraM  )0102( .U nretaM dna ,.A  ssuerP  :sesanegyxoid dionovalf lanoitcnufitluM .
 ni sisehtnysoib ninaycohtna dna slonovalf anailaht sispodibarA   yrtsimehcotyhP .L

0401 :17 – .9401  

  ,.S artorheM arhsiM   ,.P.K .R ayruaM  ,   ,.C.R lamirS   ,.S.V vadaY   ,.R yednaP
hgniS   K.V )3002( . eitreporp evisserppusonummi dna ralullecitnA  cilonahte fo s

fo tcartxe   sumalac surocA  .emozihr I ygolocamrahponummI lanoitanretn  :)1(3 ,
35 - .16  

102( .M  ekihS dna .M atheM )4  latceroloc fo noitneverp eht ni ytivitca lacisyhp dna teiD .

.recnac  krowteN recnaC evisneherpmoC lanoitaN eht fo lanruoJ , 21 1271 :)21( -
.6271  

)8991( .A .G sdrahciR dna .M reM efil ni sdioretsocitroC . -  allecirav gninetaerht

.ainomuenp  tsehC , 411 624 :)2( - 34 .1  

)0002( .K enoB dna .S slliM  labreh nredom yparehtotyhP fo ecitcarp dna elpicnirP .
 .enicidem enicidem yratnemelpmoC 43 , - .73  

)4002( HB mheR ,F tadaaS ,RM hedazimarrohK ,A yeifahsriM  evitneverpomehC .
.tnega yrotammalfniitna wen a ,0002M fo tceffe  S lacideM rotinoM ecneic  ,

501:)01(01 - .901  

 .H .S naG dna .I .M lilahK ,.A kimwohB ,.S demhA ,.B ayekoR ,.M namazzurinoM
)2102(  fo stceffe tnadixoitna ortiv nI . sisnedabrab eolA   eht dna stcartxe relliM

cimedipilitna dna citebaiditna sa stcartxe eseht fo elor laitnetop   no stnega

nicotozotperts -  .star ledom citebaid 2 epyt decudni seluceloM 15821 :)11(71 , -
.76821  

)7102(.V .J oaR dna  .B .K ytsurP ,.P htnakihsahS ,.A neenzaN ,.N akinuoM . 
 fo stcartxe tooR fo ytivitca tnadixoitnA dna evitcetorpotapeH fo noitaulavE

emraM elgeA sol   onibla ratsiw yticixototapeH decudni edirolhcartet nobrac ni

.star  hcraeseR dna secneicS lacituecamrahP fo lanruoJ lanoitanretnI 3114 , -
.8214  

)4102(.N kahtaP dna .P iapjaB ,.F beejuM  laiborcimitna ,noitaulave lacimehcotyhP .

fo noitanimreted dna ytivitca   fo sevael morf stnenopmoc evitcaoib  elgeA
solemram . lanoitanretni hcraeser deMoiB 1 , - .11  



detiC erutaretiL … 

 ,.D znieH ,N ztloV ,.P remlloV ,.H .S nehcsioH ,.T kcotsoJ ,.T bieG ,.J grebllüM

esoR dna .M ehcuolK ,.R.P ellaG - )0002( .S nhoJ LI . -  tnednepedni rotpecer 6

noitalumits  LI lariv yb 031pg namuh fo - .6  ygolonummI fo lanruoJ ehT , 461  :)9(

2764 - .7764  

)9991( .P .M yhpruM .htaed llec dna edixo cirtiN .   atcA acisyhpoiB te acimihcoiB

)ABB( - scitegreneoiB , 1141 2( - 104 ,)3 - .414  

2( yelseW nosnhoJ ,yddeR marirS ,K aneeR ,M.K.P anhtaragaN )310  no weiveR .

.stnalP labreH emoS fo ytivitcA yrotaludomonummI dna noitaludomonummI  

hcraeseR dna weiveR secneicS lacituecamrahP fo lanruoJ lanoitanretnI  :)1(22 ,

322 -    .032  

)0102(.K .R uhaS dna .G  kahaN  fo ytivitica evitadixoitna ortiv nI .  athcaridazA

i  acidn  dna hcaradeza aileM   .yassa gnignevacs HPPD yb sevael  dna erutaN

ecneicS 22 :)4(8 , - .82  

)2991( .C nahtaN .sllec nailammam fo tcudorp yroterces a sa edixo cirtiN .   BESAF ehT

lanruoj , 6 1503:)21( - .4603  

)8002( .I.A hokO ,.J.A nayalofA ,.S.N ebucN nemssessA .  laiborcimitna fo seuqinhcet t

 erutuf dna sdohtem tnerruc :nigiro stnalp fo sdnuopmoc larutan fo seitreporp

 .sdnert ygolonhcetoiB fo lanruoJ nacirfA 7971 :)21(7 , - .6081  

)5102( .K.D laP ,.B.S esmiN  noitcaer rieht dna stnadixoitna larutan ,slacidar eerF.

nahcem  68972 :5 ,secnavdA CSR .smsi – .0082  

)4002(.M.S imehsaH ,.Z.S eiahtaB ,.Z ibibaH ,.M.Z nassaH ,.A.G iredaN ,.S irooN  .

 morf detalosi elucelom a fo ytivitca evisserppusonummI aunna aisimetrA   HTD no

 .A niropsolcyc htiw derapmoc sesnopser hponummI lanoitanretnI ygolocamra  ,

1031 :)01(4 - .6031  

)9791( .K  igaY dna .N ihsihO ,.H awakhO  lamina ni sedixorep dipil rof yassA .

.noitcaer dica cirutibraboiht yb seussit  yrtsimehcoiB lacitylanA , 59 153 :)2( - .853  

)1002( .J .J miehneppO .erutuf dna ,tneserp ,tsap :senikotyC .  etnI  fo lanruoj lanoitanr

ygolotameh , 47 3 :)1( - .8  



detiC erutaretiL … 

.)9002( .A snomiS dna .R ssadanmaJ ,.R tdniK ,.A autuM ,.C awrO   eertseroforgA

.0.4 noisrev ediug noitceles dna ecnerefer seiceps eert a :esabatad   dlroW

EK ,iboriaN ,FARCI ertneC yrtseroforgA . 

.K arabaH ,.T ikazO  .M awazihsiN ,.S otI ,.H .A nowK ,.M irobiaK ,.K iustaM ,

)0102( .T arumukO dna  eneg SONi fo noitcudni eht stibihni enosahtemaxeD .

enikotyc yrotammalfniorp ni ANRm sti fo noitazilibatsed hguorht noisserpxe -

.setycotapeh detalumits  kcohS , 33 46:)1( - .96  

namdaP )2102(.N .S elgnaJ ,.P nahba .  gnignevacS lacidaR HPPD fo noitaulavE

 riehT dna stnalP lanicideM detceleS ruoF fo rewoP gnicudeR dna ytivitcA

 .snoitanibmoC  gurD dna secneics lacituecamrahP fo lanruoJ lanoitanretnI

hcraeseR 341 :)2(4 , - .641  

.T inawbmA ,.M tnaP  )2102( .V ihtapamU dna  ahdnagawhsA fo ytivitca larivitnA .

 .noitacilper suriv esaesid lasrub suoitcefni no tcartxe  ecneicS fo lanruoJ naidnI

ygolonhceT dna 0572 :)5(5 , - .1572  

 hsemaR ,.L .R ubaB ,.K ayvaK ,.R hsegaN ,.K .K ramuK ,.N .M ramuK ,.H .R litaP

 .G )7102( .C .S amrahS dna  .T  esnopser yrotammalfni stibihni enosahtemaxeD .

PA fo noitaluger nwod aiv -  lailehtipe gnul namuh ni rotcaf noitpircsnart 1

.sllec  eneG , 546 58 : - .49  

)6102 (.Z neeqaY ,N amitaF ,IS ivqaTS ,L labqI ,H narmI ,A namhaR  dna yrD .

urf epir  fo ti L solemram elgeA  esanegyxopil ,tnadixoitna fo ecruos tnetop a :.

 .regnevacs lacidar eerf dna srotibihni  lacituecamrahP fo lanruoJ natsikaP

secneicS 7211:)4(92 , – .1311  

 oE ,.Y .J iohC ,.H .J miK ,.B.S miK ,.Y .W naH ,.E aagnayU ,.M.M namhaR

)2102(.K.S E . 1hT fo tnemecnah -  naiva tsniaga ytinummi evitcetorp desaib

oc laro laiv suriv 2N9H azenulfni -  allenomlas detaunetta fo noitartsnimda

nikuelretni dna α norefretni nekcihc gnisserpxe muirumihpyt ravores aciretne -

 .eniccav detavitcani na htiw gnola 81 retav CMB hcraeser yrani .501:8 ,  

)4102( .R ,nivraP dna .S namhaR  fo laitnetop citueparehT .  solemram elgeA ).L( -  nA

.weivrevo  esaesid laciport fo lanruoj cificaP naisA , 4 17 :)1( - .77  



detiC erutaretiL … 

)7102( .H .S nahK dna .W .W ajaR  dna stneutitsnocotyhp emos fo noitamitsE .

 noitaulave  ni ytivitca tnadixoitna fo solemram elgeA  .tcartxe sevael   fo lanruoJ

yrtsimehcotyhP dna ysongocamrahP , 6 73 :)1( - .04  

 ramuklinA ,.V .G yddeR ,.A ullamahcaR ,.P manarakayV ,.R .G ajanaV ,.A marajaR

soJ dna .S amrahS ,.K.N dasarP ,.A inayhD ,.M.K eersanurA ,.K  .C .M ih

)7102( itnA . -  fo eliforp yrotammalfni solemram elgeA   htiw )avliB( aerroC )L(

.aidnI fo strap tnereffid ni nworg stoor gnuoy ot ecnerefer laiceps   fo lanruoJ

enicidem evitargetni dna adevruyA 09 :9 , - .89  

aveD dna .M tsiK ,.K irhtivaS ,.G.Y anhsirkamaR )5102( .N.S jar  . solemram elgeA  

 evitadixo decudni edirahccasylopopil irolyp retcabocileH setaunetta tcartxe tiurf

 .star yelwaD eugarpS ni sserts ,enicideM evitanretlA dna yratnemelpmoC CMB  

.573:51  

)7102( .S uhdiS dna .K .R vedhcaS ,.A jobmaK ,.D eehtaR eH .  tceffe evitcetorpotap

 fo solemram elgeA  oc enirepip htiw detnemgua -  lomatecarap ni noitartsinimda

.ledom  aisongocamraF ed arielisarB atsiveR , 82 56 :)1( - .27  

)3102( .A joorU dna .P .V yddeR  fo ytilibats dna seitreporp tnadixoitnA .  elgeA

solemram  cartxe sevael .st  ygolonhcet dna ecneics doof fo lanruoJ  , 05 531:)1( -

.041  

)1102( .A .G dlareGztiF dna .E ittoicciR .noitammalfni dna snidnalgatsorP .   

ygoloib ralucsav dna ,sisobmorht ,sisorelcsoiretrA , 13 689:)5( - .0001  

)2102( .M nocniR nikuelretnI . -  yrotammalfni na morf 6  rof tegrat ot rekram

 .sesaesid yrotammalfni ygolonummi ni sdnerT 175 :)11(33 , - .775  

)2002( .E.V rolyT dna .E.J srebboR  fo esu cituepareht eht :eciohc fo sbreH .

  .senicidemotyhp secneicS amrahP fo lanruoJ lanoitanretnI 991 :)2(3 , -  .302  

 gnaD ,.S.T eerhsapooR  .)8002( .C ardneraN dna .S .HR inaR ,.R  lairetcabitnA

 :breh citairospitna fo ytivitca arot aissaC  , aitnarahc acidromoM   dna  aludnelaC

silaniciffo  . stcudorP larutaN ni hcraeseR deilppA fo lanruoJ lanoitanretnI  :)3(1 ,

02 - .82  



detiC erutaretiL … 

.H namdeirF dna .R .N esoR  .)6791(   .ygolonummi lacinilc fo launaM  fo launaM
.ygolonummI lacinilC  

.)4002( .R nattuK dna .C .M ubaS   sti dna solemram elgeA fo ytivitca citebaiditnA
.seitreporp tnadixoitna sti htiw pihsnoitaler   dna ygoloisyhp fo lanruoJ naidnI

ygolocamrahp , 84 18 :)1( - .88  

imhcS nnamieH ,.S renssielF ,.J td -  ,.B grebmoP ,.R tdeatsdniL ,.I tahcstieW
)4991( .I iynelezS dna .U renreW  dna A niropsolcyc ,sdioretsocitroc fo tceffE .

 .stesbus llec T dna setyconom morf esaeler enikotyc no etaxertohtem

,ygolocamrahponummI  371 :72 - .971  

dorhcS )4002( .A .D ,emuH dna .T ,isavaR ,.J .P ,goztreH ,.K re norefretnI . -  na :γ

.snoitcnuf dna smsinahcem ,slangis fo weivrevo   etycokuel fo lanruoJ
ygoloib , 57 361 :)2( - .981  

)0102( .Y gnohZ dna .F idihahS  evitadixo eht gnivorpmi dna noitadixo dipiL .

.ytilibats  C sweiveR yteicoS lacimeh , 93 7604 :)11( - .9704  

)6102( .R .S raklahpahC dna .A atpuG ,.C .A hkiahS  evitca fo noitarolpxE .
 morf setilobatem solemraM elgeA   dna silaniciffO acilbmE   sti gninimreted rof

 .seitreporp evisserppusonummi  hcraeseR evissergorP fo lanruoJ  ,ygoloiB ni
911 :)1(3 - .621  

)5002( .K .S yebuD dna .N .G amrahS  .weiver A :leaB fo eulav lanicideM .

hcraeseR lacituecamrahP tnerruC fo lanruoJ lanoitanretnI 02 :)3(1 , - .13  

)1102(.J aydanaS dna .N itaS ,.K .S yebuD ,.N .G amrahS  gnineercs lacimehcotyhP .
e dna .sdees solemram elgeA ni tnetnoc cilonehp latot fo noitamits   lanoitanretnI

hcraeser lacinilc dna lacituecamrahp fo lanruoJ , 3 72 :)2( - .92  

)7102(.A yrahduahC ,.G atpuG ,.R amrahS ,.P ramuK ,.P amrahS .  srotaludomonummI
sys enummi ni stnalp lanicidem fo eloR : .met    ,ygoloisyhP fo lanruoJ lanoitaN

ygolocamrahP dna ycamrahP 255 :)6(7 , - .655  

)0102( .S .R rawaP dna .K .U litaP ,.K .P ruogniS ,.Y erahvihS  gnilaeh dnuoW .
 ni )stiurf( bxoR acioid sehtnasohcirT fo tcartxe cilonahtem fo laitnetop

.star  ocamrahponhtE fo lanruoJ ygol , 721 416 :)3( - .916  



detiC erutaretiL … 

)7102( .M .F fforhS  eht ot elbacilppa ti si woh dna erac htlaeh cidevruya si tahW .

.?yaD nredoM  htlaeH namuH dna noitirtuN fo lanruoJ , 1 71:)2( - .92  

)0102(.M markA dna .K .A imjaN ,.M beejuM ,.A .N euqiddiS  fo noitaulavE .

a tnadixoitna  tnereffid ni sdionovalf dna slonehp fo noitamitse evitatitnauq ,ytivitc

 fo strap .solemram elgeA   .ecneicS tnalP fo lanruoJ nacirfA 100 :)1( 4 - .500  

.)9791( .A sirevoB dna ,.E onitraM ,.R .O hcoK ,.H seiS   enoihtatulg yrailib desaercnI

hc ni esaeler ediflusid lonahte yllacinor - .star detaert  srettel SBEF , 301 782 ,)2( -

.092  

)7002( .H mugeB dnA .M nanagniS ,.V nanagniS .  fo tceffE evitcetorpotapeH ehT

( sevaeL leaB solemraM elgeA .staR oniblA ni yrujnI reviL decudnI lohoclA ni )  

hceT & ecneicS fo lanruoJ lanoitanretnI ygolon 38 :)2(2 , - .29  

 .)6102( .C .S ,atheM dna .M gnaliaT ,.N hgniS  sa stnalp labreh no weiver A

.srotaludomonummi   dna secneicS lacituecamrahP fo lanruoJ lanoitanretnI

hcraeseR , 7 2063 :)9( - .0163  

)0002( .R .A oaR dna .S eejrenaB ,.P .R hgniS  fo tceffE . elgeA  solemram   no

eerf tsniaga noitcetorp dna smetsys emyzne noitamrofsnartoib  detaidem�lacidar�

.ecim ni egamad  ygolocamrahp dna ycamrahp fo lanruoJ , 25 199 :)8( - .0001  

)3002( .J .J aktseP dna .T .A iksnilomS edirahccasylopopil fo noitaludoM . -  decudni

 labreh eht yb oviv ni dna ortiv ni noitcudorp enikotyc yrotammalfniorp

a stneutitsnoc ( ninegip elimomahc ( 1bR edisonesnig ,) gnesnig  edilonehtrap dna )

 .)wefrevef( ygolocixoT lacimehC dna dooF 1831 :)01(14 , - .0931  

 .M grobneT dna ,.S grebsrettO ,.N sretniW ,.D slohciN ,.J .J snruB ,.K namlepS

)6002( itidart yb noisserpxe enikotyc fo noitaludoM .  fo weiver a :senicidem lano

.srotaludomonummi labreh  weiver enicidem evitanretlA , 11 821 :)2( - .051  

 dna .B anomaR ,.L .S ucsenamraH acinoM ,.I .T acsarT ,.I negreG ,.S .D fetS

.)9002( .M sudehgeH   rof seiticapac gnignevacs lacidar dna tnadixoitna latoT

reffid .sbreh lanicidem tne  sretteL lacigolonhcetoiB nainamoR , 41 5074 :)5( -

.0174  



detiC erutaretiL … 

)0002( .F.K gnuhC dna .G.R gnilritS  .amhtsa dna sesaesid cigrella fo stnemtaert erutuF .

nitelluB lacideM hsitirB 7301:)4(65 , - .3501  

.)9891( .F .C nahtaN dna .J .D rheutS  .edixo cirtiN   elbisnopser tcudorp egahporcam A

.sllec tegrat romut ni noitibihni yrotaripser dna sisatsotyc rof   fo lanruoJ

enicideM latnemirepxE , 961 3451 :)5( - .5551  

 .)9891( .F .C nahtaN dna ,.J .D rheutS  elbisnopser tcudorp egahporcam A .edixo cirtiN

dna sisatsotyc rof  .sllec tegrat romut ni noitibihni yrotaripser   fo lanruoJ

enicideM latnemirepxE , 961 345 :)5( - .5551  

 ,.R yaM ,.P .N nanayaranaraknahS ,.N umruM ,.P narahdiriG ,.D mainamarbuS

 .A.R amrakawhsiV ,.A nanhsirkalaB ,.P.R majunamaR ,.W .C nehcuoH

8002( .S tnanA dna .)  1 yb sisotpopa fo noitavitcA - yxordyh - 7 ,5 - yxohtemid -2-

enelahthpan -  morf dnuopmoc levon a ,edyhedlaxobrac solemram elgeA .  recnaC

hcraeser , 86 3758 ,)02( - .1858  

)0102(.V.B htanuhgaR dna .R.S ehdaB ,.W .S nabuR ,.N ezoriaF ,.S nahsraduS  .

 tnanimatnoced s cilrag dna regnig fo lio laitnesse dna tcartxe suoeuqa fo tceffE

 .taem nekcihc ni ecneicS yrtluoP fo lanruoJ ehT    85 :3 - .16  

)6102( .F .P iaruS .  edixorepus :ygoloib yrtluop ni smetsys tnadixoitnA

.esatumsid  noitirtuN dna hcraeseR laminA fo lanruoJ , 1 1 :)1( - .71  

 .D yhtabapasaganaK dna .H nainamahrbuS ,.F .R .M yraM ,.P yhtroomayiruS

 .)4102( mram elgeA fo tcartxe suoeuqa fo tceffe cimedipilrepyh itnA  dna sole

.star cimedipilsyd def lio ni sisnenis aillemaC   fo lanruoJ lanoitanretnI

secneicS lacituecamrahP dna ycamrahP , 6 833 :)2( - .143  

)1102(.R luaP ,.S awataJ ,.A irawiT nicideM naidnI .  fo ecruoS hciR A : stnalP la

onummI larutaN -  .rotaludoM ygolocamrahp fo lanruoj laoitanretnI 891 :)2(7 , -

.502  

.)1102( .H ruaK ,.G ruaK ,.M ruaK ,.B ramuK ,.P irawiT   gnineercs lacimehcotyhP

 .weiveR A :noitcartxE dna aicneicS acituecamrahP elanoitanretnI )1(1 , 89 : -

.601  



detiC erutaretiL … 

.C.W snavE dna .E.G esaerT  )2002( . .ysongocamrahP   srednuaS :nodnoL .dE ht51

24 ,srehsilbuP – 122  :44 – .922  

 .S ayhdapU dna .M udiaN ardnahcalaB ,G ahteenuS ,.K.K gahbnahS ,.S ayhdapU

.)4002(   fo ytivitca tnadixoitna dna cimecylgopyh fo ydutS A  elgeA solemram   ni

 .staR citebaid decudni naxolla ygolocamrahP dna ygoloisyhP fo lanruoJ naidnI  .

674 :)4( 84 - .084  

)9002(.T.R najahaM ,.P inobmaZ ,.V .A hgniS ,.B arattU .  dna ssertS evitadixO

 maertsnwoD dna maertspU fo weiveR A :sesaesiD evitarenegedorueN

dixoitnA .snoitpO citueparehT tna  56 :7 ,ygolocamrahporueN tnerruC - .47  

)8102( .M raksaB dna .T.K.H najnaR ,.P magumurA ,.C jaraviS ,.P .S inihdraV  .

CG dna seitivitca lairetcabitna ,recnacitna ,tnadixoitnA -  suoeuqa fo sisylana SM

 fo splup fo tcartxe  solemram elgeA L( .aerroC ).   fo lanruoJ ehT

ygolocamrahpotyhP 27 :)1(7 , - .87  

)3102(.A ramuK dna .I .O amourA ,.K .R hgniS ,.T nurohaB ,.S amreV  fo tceffE .

solemram elgeA  N no tcartxe fael - N lyhtem - aeruosortin -  decudni

.ecim c/blaB ni sisnegonicracotapeh  ygoloib lacituecamrahP , 15 2721 :)01( - .1821  

Z gnaW ,.R.A yruhduohC ,.A.J engivaL ,.T.G aturuF ,.K.B lihsreW -  ,llaG dna .S

)5991( .J.S llec tsam sserppus A niropsolcyc ro enosahtemaxeD . -  etycokuel

llec tsam dna EgI fo noitibihni fo smsinahcem elpitluM .sedacsac enikotyc -

c tnedneped  .esuom eht ni noitammalfni suoenatu ygolonummI fo lanruoJ  451 ,

1931 :)3( - .8931  

)5102( .Z nehS dna .X aiL ,.X auD ,.B anauX  evisserppusonummi tnetop wen A .

 morf lononavalfosi alletrih siportolypmaC  . hcraeseR tcudorP larutaN  :)21(03 ,

3241 - .0341  

 ,.F.X gnahZ   gnaT ,.Z.B naY ,.F.L gnaW ,.Z eiN ,.Z.Y gnahZ ,.J.J gnauH ,.Y iuC

)7002( .Y uiL dna .L.Y  sninopas lynegsoid fo seitreporp gnitalumitsonummI .

 morf detalosi allyhpylop siraP .  yrtsimehc lanicidem & cinagrooiB

srettel , 71 8042 :)9( - .3142  



detiC erutaretiL … 

02( .G zrotS ,.M gnehZ )00 .srotcaf noitpircsnart citoyrakorp yb gnisnes xodeR .  

ygolocamrahP lacimehcoiB 1 :95 , -   .6  

 ,.F.Y  uF ,.J  iN ,.J naiT ,.Y  uohZ ,.F.Q uiL ,.F.Y gnaY ,.M.W oahZ ,.N.Y uhZ

)6002 (.R uohZ dna .W gnaT ,.G.X gnohZ  evitceffe na ,E edisocolpireP .

morf dnuopmoc  egB muipes acolpireP  ni dna ortiv ni noitavitca llec T detibihni ,

.oviv  scitueparehT latnemirepxE dna ygolocamrahP fo lanruoJ , 613 266:)2( -

.966  



 

 

  



 

idneppA x… 

xidneppa   
  

 .1.A sreffuB dna stnegaeR  

 .S
.oN  noituloS /reffuB  snoitulos kcotS fo noitaraperP /noitisopmoC  

1  enilas lamroN
noitulos  

 fo retil eno ni devlossid saw edirolhc muidos fo g 5.8
.retaw dellitsid  

2  citecaorolhcirt %01
noitulos )ACT( dicA  

ACT g 01   emulov eht dna retaw dellitsid ni devlossid saw
.retaw dellitsid htiw lm 001 ot pu edam saw  

3  cirutibraboiht %76.0
)ABT( dica  

 dellitsid fo lm 001 ni ABT fo g 76.0 gnikat yb deraperP
.ABT gnivlossid rof pu demraw dna retaw  

4 )4.7 HP( SBP   g 2.0 ,lCaN g 8 HK g 2.0 ,lCK 2 OP 4 aN g 49.0 , 2 OPH 4  ni
.retaw dellitsid fo lm 0001  

5 ATDE M 5.0  

 Hp .retaw dellitsid fo lm 08 ot dedda saw ATDE g 16.81
 saw emuloV 0.8 ot stellep HOaN htiw detsujda saw
 devalcotua dna retaw dellitsid htiw lm 001 ot deniatniam

.esu erofeb  

6 )M 10.0( BNTD   fo lm 52 ni devlossid saw tnegaer BNTD fo gm 99
.lonahtem  

7 M1 - sirT  
 dellitsid fo lm 059 ni devlossid saw esab sirt fo g 121
 saw emulov lanif eht dna 9.8 ot detsujda saw Hp .retaw

.retaw dellitsid gnisu lm 0001 ot pu edam  

8 )%05( ACT  fo g 05  .retaw dellitsid fo lm 001 ni devlossid saw ACT  

9 TTM Mm 52.1  retaw dellitsid fo lm5 ni devlossid saw TTM gm 85.2  

01  tnegaer ffordnegarD  

 dica citeca fo lm 2 ni dedda saw etartin htumsib fo g 71.0
 fo g 4 .)A noituloS( lm 8 ot pu edam saw emulov dna
 dna dica citeca fo lm 01 ni dedda saw edidoi muissatop
 dna A noituloS .)B noituloS( lm 02 ot pu edam saw emulov
 001 ot pu edam saw emulov yllanif dna rehtegot dexim B

.erutarepmet moor ta derots saw noituloS .lm  

11 
 Mm 05( reffub sisyL

 Hp ,reffub SEPEH
)lCaNMm 051 ;0.7  

 fo lm 52 htiw dexim saw )Mm 005( lCaN fo lm 03
 dna ti ot dedda saw X notirt fo lm 6.0 .)Mm 001( SEPEH

.lm 05 ot pu edam emulov yllanif  

 



 

idneppA x… 

 

 a sa ASB gnisu dohtem eyd drofdarB yb nietorp fo noitamitse rof sevruc dradnatS
dradnats  

 

500.0 + x100.0 = y
399.0 = ²R
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 fo etats eht ni tcirtsid anaihduL eht ot sgnoleb ,ruaK pidnamA ,rohtua ehT

 .ceS .neS cilbuP .G.H.G morf noitacude loohcs yradnoces reh detelpmoc ehS .bajnuP

anaihduL ,druhK nawhdiS ,loohcS  ,2102 ni noitanimaxe yradnoces eht gnissap retfA .

 a htiw detaudarg dna bajnuP ,anaihduL ,ytisrevinU larutlucirgA bajnuP denioj ehs

 ).snoH( .hcetoiB .cS.B eergeD   ,dedrawa saw ehS .%7.77 htiw 6102 ,enuJ ni

emnrevog yb ,pihswollef ygolonhcetoiB fo tnemtrapeD  ehs retfaereht dna aidnI fo tn

 reh eusrup ot ygolonhcet dna erutlucirgA fo ytisrevinU tnaP hballaB dnivoG denioj

 .ygolonhcetoiB dna ygoloiB raluceloM ni .cS.M  

 

 

 

 sserddA tnenamreP  

 .sM ruaK pidnamA  
O/D - tijrednI   hgniS  

noargaJ ,daoR kalaM  
anaihduL  

bajnuP  
19+ :lleT - 4398457348  

 



TCARTSBA  
  

emaN  : ruaK pidnamA  .oN .dI  : 86115  
 fo raeY & meS

noissimda  : I ts  6102 dna meS - 71  eergeD  : ).gA( .cS.M  

rojaM  : 
 

 dna ygoloiB raluceloM
ygolonhcetoiB  

tnemtrapeD  : 
 

 dna ygoloiB raluceloM
gnireenignE citeneG  

    

eltit sisehT  : 
 fo noitanimreteD“  detaideM senikotyC dna laitnetoP evitadixoitnA

 ot eud noitaludomonummI ortiv ni   fo erusopxe solemram elgeA   ).L(
”metsyS erutluC setycohpmyL nekcihC ni .rroC  

rosivdA  : inawbmA unoS .rD  

 
utluc tnereffid fo trap a neeb syawla sah metsys enicidem lanoitidarT  snoitazilivic dna ser

metsys enicidem desab tnalp tsehcir eht fo eno sah aidnI .dlrow eht dnuora .  elbarenluv si metsys yrtluoP
 eguh ni tluser hcihw sesserts latnemnorivne tnereffid dna sniarts lariv ,lairetcab gnivlove wen ot

 .ssol cimonoce solemram elgeA   ot sgnoleb .rroC ).L( eaecatuR   ni ”leab“ sa nwonk ylnommoc ,ylimaf
 .idniH  fo stcartxe suoiraV solemram elgeA   setyconelps ni ytivitca evitarefilorpitna evah ot detroper era

 dna erp eht ,senil noitnem evoba fo sisab eht nO .sllec raelcunonom doolb larehpirep  saw yduts tnes
 fo sevael fo tcartxe suoeuqa fo laitnetop evitadixoitna dna yrotaludomonummi eht erolpxe ot dennalp

 solemram elgeA  ni stneutitsnocotyhp suoirav fo ecneserp eht kcehc oT .setycohpmyl nekcihc ni )EMA(
 evitatitnauq dna evitatilauq suoirav ,EMA erew sesylana lacimehcotyhp   owt ,rehtruF .tuo deirrac

LI( senikotyc - LI ,6 -  deirrac saw setycohpmyl nekcihc desopxe EMA ni sisylana noisserpxe SONi dna )01
 hguorht derolpxe saw laitnetop yrotaludomonummi ehT .RCP emit laer evitatitnauq hguorht tuo

etycohpmyl   desab llec suoirav dna yassa gnignevacs lacidar ON ,yassa HPPD elihw ,yassa noitarefilorp
 syassa .ziv   erolpxe ot detcudnoc erew noitamitse edixo cirtiN dna HSG decudeR ,esalataC ,DOS ,OPL

.EMA fo laitnetop evitadixoitna  

  e suoeuqa fo dleiy noitcartxe ehT  fo tcartx solemram elgeA  EMA(  )  nI .%1.41 eb ot dnuof saw
 dna cilonehp latoT .stneutitsnocotyhp suoirav fo ecneserp dewohs tcartxe eht ,sisylana lacimehcoib
 ehT .ylevitcepser g/gm ER 2.173 dna g/gm EAG 084 eb ot detamitse saw EMA ni stnetnoc sdionavalf

ixam  etycohpmyl nekcihc ni lm/gμ57 eb ot denimreted saw tcartxe fo )DCNM( esod cixototyc non mum
 B dna T fo noitarefilorp eht gnisaerced yb laitnetop evisserppusonummi dewohs EMA .metsys erutluc

6 fo esaerced tnecrep ehT .sllec detalumits negotim ni setycohpmyl  llec T ni % %5.51 dna %02.
 .ylevitcepser sllec detalumits AHP dna A noC fo esac ni devresbo saw noitarefilorp  esaerced tnacifingiS

 %32.9 fo  sa sllec detalumits SPL fo esac ni erusopxe EMA ot eud devresbo saw noitarefilorp llec B ni
.lortnoc ot derapmoc  

EMA   gnignevacs lacidar edixo cirtiN dna HPPD ni ytivitca evitadixoitna tnacifingis dewohs
CI htiw syassa 05   ,lm/gμ08.311 dna lm/gμ 3.332 fo syassa gnignevacs ON dna HPPD rof eulav

 noitadixorep dipil enarbmem fo level eht ,setycohpmyl ni tcartxe eht fo erusopxe eht retfA .ylevitcepser
atac dna DOS ,HSG decuder fo level ehT .desaerced saw tnetnoc edixo cirtin dna  ni desaercni saw esal

 fo level noisserpxe eht ,RCP emit laer evitatitnauq nI .EMA htiw tnemtaert retfa setycohpmyl nekcihc
LI enikotyc yrotammalfniorp -  edixo cirtin elbicudni dna 6  esahtnys  ni desaerced yltnacifingis saw

serpxe eht tub lortnoc ot nosirapmoc itna fo nois - LI enikotyc yrotammalfni -  desaercni yltnacifingis saw 01
suhT  .DCNM ta EMA fo erusopxe eht retfa dedulcnoc eb dluoc ti ,  lpsid EMA taht  tnacifingis deya

 dna evitadixoitna  eb dluoc hcihw metsys erutluc setycohpmyl nekcihc ni laitnetop evisserppusonummi
LI ni noitaretla eht htiw detalerroc - LI ,6 - dna 01   rof deen si ereht ,revewoH .slevel noisserpxe SONi

 elbatius rehtruf  ortiv ni  dna  oviv ni uoser tnalp siht tiolpxe ot sesylana  noitaraperp cituepareht desab secr
.snoitidnoc esaesid niatrec rof  

 

 



k'akjkl  
 

eku  : jSkd ihnuev  dak;pjfi  : 5 8611  
Zk"o k"sozi ao, lke~Vk"  :  ]ekFzi 7102&6102  k/fkim  : jkÙskdrkuL  ½k"f̀d¼  

k[qezi  :  oSt jSkv ukKof oht do.fkv
hdxfsk|Skzi  xkkHof  :  jSkv ukKof oht do.fkv

hd=fak;kHfv dk'fakoqukv  

    

dZk"hk' kd k/skk'  : 
bklaskQyf^^  hd jtskilD, skªVof ub sd jskd ½y,¼ lyZseke yx, ase =ar uk/Zoal lV

k'syw;~Mske kk{jrfzi rtfskn kjk} ubkdskVbkl sl gto  kd krek{ d;kpiv jSkv u
udak;Ywe **  

jkdgkyl  :  0WkM hukocEv wuskl  
 

  
r;El jSkv ask;rf̀dLal uUkHfof ase jkH k;ufqn kk'seg hykk.zi kon djfiajki  rjfkk/kv inki AaSg hgj klLgf kd askvk

Zhxqe s;yf sd askokur ;hk.joZk;i uUkHfof ao, asknskHim qk.kk"of ]qk.koht rlfdof s;u ASg uUiEl rqgc rjkkH ase hykk.zi k/fk"Skv  

V# jskd ½y,¼ lskysZeke yx, ASg krskg ukldqu dZkFfkv dk/f;Rv i#oLekk.jfi sdltf Sg jskted uyki ojfi hls,k  hd jk

*ysc* ase hnUgf sltf ]Sg ;Lnl   uUkHfof sd lskysZeke yx, ASg krkt kukt sl eku akoRl  kjk} s l~VZbklskuhyiL   rDj ;hk/jfi ao,

uske sk ;U w j;yDf  oVfzsQyfskzihVa, ase askvkdk'fskd   u;;/v ukeZro ]ji jkk/kv sd ask;rDfai rjfkk/kv jiÅ ASg hrkt h;ki kr;Øfl

, Rl ;hyt sd ask;rRfi hd lskyZseke yx o  kri ase l~VbklskQEyfsd Zhxqe skd krek{ oVfsMhlDWkvhVa, ao, deRkk{jrfzi hd ask

b0e,0, Ak;x k;df rjfkk/kv ji sukxy lVas,qVVLfWkdskVbkQ uUkHfof rkFLfim ase 0Z   deRkk.qx uUkHfof ]s;yf sd sujd pakt hd

f duf;klj inki deRk=ke oa, As;x s;df k.k"sy'o   skn ase l~VbklskQEyf sd Zhxqe rjfkpim sl 0Zb0e,0, ]kokyv sdlb

60 0y,0Zbkv¼ lubkdskVbkl ]  rDf;OkHfv kjk} 0jkv0hl0hi eZbkV y;jf deRfk=ke kd lWku 0Zbkv ao, ½01 0y,0Zbkv

t kjk} sd jklzi VbklskQEyf krek{ hjVsyw;~Mskeskuw;Eb Ak;x k;df k.k"sy'of  dªVfbku ]p¡kt p,hihihM dfct ]h;x hd p¡k

 i#oRr MbklDWkv dL S xatUfo 0hMskvl, ]skvhiy, slSt p¡kt rjfkk/kv ji askvkdk'fskd uUkHfof ao, ]  p,l,ht Mlw;Mjf ]lsykVsd

Ak;x k;kxy kri kd askvkrek{ oVfsMslDWkv hd Zbe,, kjk} askukequv MbklDWkv dªVfbku ao,  

¼ lskyZskeWke yx,  Ah;x hk[sn rfkFLfim hd askdVk?inki uUkHfof ase rRl kjk} k.Zk"d"uf hd rRl ;hyt sd ½Zbe,,

173 jSkv ekzx@ekzxhyef Zb,ht 084 %k'eØ hzxekl MbWkuosy¶ ao, dyfZskuQf yqd ase Zbe,, -  uyadkv ekzx@ekzxhyef Zbjkv 2

 ase hykk.zi uZk/oal sd l~VbklskQEyf sd Zhxqe Ak;x k;df  jVhyhyef@0kzxskØbke 57 uke hk"ofkdk”fskd jSx erdk/fv hd rl

 kk{jrfzi sdjd ed skd jklzi sd l~VbklskQEyf hc jSkv hV ase askvkdk'fskd rtfsrm utskVbke su Zbe,, Ah;x hd rjfZkk/uf

 ase askvkdk'fskd rtfsrRm ,p,hi jSkv ,uWkd ase jklzi askvkdk'fskd hV AZbkk[nf krek{ 6 %k'eØ - 51 ao, 02 -  h;ki hed rk'rfzi 5

9 ase jklzi sd askvkdk'fskd hc k.jkd sd jtskilD, Zbe,, ase askvkdk'fskd rtfsrRm l,hiy, ase kuyqr hd k.=a;uf Ah;x - 32  

rk'rfzi  Ah;x hk[sn hed hd  

 i#oRr MbklDWkv dªVfbku jSkv p,hihihM su Zbe,, xatUfoSdL  k=ke hd 05 hlZbkv ase  332 -  3

311 jSkv jVhyhyef@ekzxskØbke -  kFkl sd askpakt i#oRr MbklDWkv dªVfbku jSkv p,hihihM %k'eØ jVhyhyef@ekzxskØbke 08

vhVa, Zk.wioRge oRl Ah;kk[nf k/fofrfx oVfsMlDfWk  lD, sd jtski  kc sd n  ase hyY>f l~VbklskQEQf  Mifyf  ao, uk'sMlDfkvWkji

=ke hd MbklDWkv dªVfbku Ah;x h;ki hed ase k   sd Zbe,, jkpim   hMskvl, ]p,l,ht Mlw;Mjf ase l~VbklskQEQf ]rUkjim sd

 ubkdskVbkl hjVsesy¶ubskzi ase kuyqr hd k.=a;uf ]ase jkvhlhi ebkV y;jf deRk=ke AkkF k;x +<c jrL kd lsykVsd ao, Zbkv -

,- y, -  6   MbklDWkv dªVfbku ]rtfsrRm ao,  lskFUlf OkHfv kd  sd Zbe,,udfsy k;x k;ki ed rqgc jrL rDf;  hMhlu,e,

jtskilD,   Zk"d"uf g; sllb AhkF h;qg )f̀o hQkd sl rDf;OkHfv kd 01&y,bkv ubkdskVbkl hjVseky¶ubhVa, nkc sd

krek{ olfsziiLskuw;Eb ]oVfsMlDfWkvhVa, ase hykk.zi uZk/oal l~VbklskQEyf Zhxqe Zbe,, df Sg krdl kt kykduf  s;yf sd askv

 skg rk/fcal sl okync ase jrL sd rDf;OkHfv sd l,skvu,Zbkv jSkv 01&y,Zbkv ]6&y,Zbkv sltf Sg krkkHuf kdefwkH Zk.wioRge

ASg krdl   ;hdlRdfpf rjfkk/kv sd sk/Ski lb ase rfkFLf hd askxskj Nqd ifkkFr  ji lb qrsg sukBm kHky kd kupj yZcg

oofub M., skjVofub ASg d;'okv k.k"sy'of sk  

 


