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Ge ey gl ey aglell Jlae 35 (NANOS) a iy Al 4l 4all e sdeale 40l & gl

i LS ¢ iy SN el can W) (o5 Y (il s dpiall il Jlghal (bl 5aas8 s ilil) aasinnss «(10°%) e

el oo AU Ayl alshall Al ae ASalSally A0 Al lpald (et U Sl Cuagiy duly

Alally Lo gl o) Aalaly) diacaio Aabaall aslall iV lae 3 Ayl dgal) coleladinl Gaaly sl ale iy clgalasl]

Glinls gl Ll .(Khan et al., 2019 ; Chichiricco and Poma, 2015) 2as 3jaee Clialse <l dlsa BlAT

el Lpsk gl AUl 3 Le )il V) Ul dadtiul el aglell Jlae 8 Alled 312 gb degiia dpde

Byia Jse oo Bl & Ayl @6 (Nair et al., 2010) clall gai sk coluall 40 Aplasll dygall jlain|

Lot Jie 3ad Galliad Ly cljiagilil) (o il puiay (o S8 Walag) 2a) (65 Cumy gl (uld Sl 8 a8 4SH Ly
.( Gonzalez-Melendi et al., 2008 ) sapall 4 padll SLSLdly Jad) aasll ) zdaddl

F(L0saaY) Wgie m b cilih D jS15 cilib Bas 1) Ay gl algall e (S

Ll gyl B S s ik & dlse a5 :(MNPs)Mineral Nanoparticles dsssall dy5) (336 1
B pailad O Al dgmy s agSaall gsina) o paldal ¢ uall oSl e sl Ll dibiaa
adhide 4nly glal B alill dhiaeS leaadin) &5 WS Ag, Cu L,Zn ,Co Jie golaal)l (e Llphi e g calias
-(Rizzello and Pompa, 2014)

Ll Galeall 2ulS) (0 Ao gt degena e Ble a5 :((ONPs )Oxide Nanoparticles galaall sl 2
Loelia Clipks Led SV (e Al 228 ( C00, ,SN0O; « ZnO CrO; , Mo0Os3, BiO , TiO; ) (s JS dai

draail) Cihpantiinn A auly BUas e ZN0, TiO; e JS pladind 2 13 e yally donndil) (358 423¥) aan )38 i
.(AStrUC, 2012) QLPL;)S\ ;Mj M\ ?J-JS}
A 50 <l Ay il il g ohyaal) Baaaie iV e :( CNTSs) Carbon Nanotubes sl 4 s S i) 3

Agall e Apady Sl o canail) 13a goiay WS ((SWCNTS)Single Wall Carbon Nanotubes lasll dualal
-(Anjum et al., 2020) el sall LS yally (Oabaall 20ulSl) @liahandly ¢yl 2 Ay gLall

(Abbas et al., 2016) 443Ul gall Cilisal :1 Jgand)
Classes of nanomaterial Explanation of Nanoparticles

Nanoparticles Nanoparticles are commonly accepted as materials with at least two dimensions
between 1-1000 nm

Nanotubes and nanofibers A fibers of less than 1um in size. Nanometer size long linear material, optical
materials micro conductors, microfibers, nanotubes.

Nanofilm Nanofilms utilized as gas catalyst materials.

Nanoblock Nanometer crystalline product produced by substantial accuracy, developing
controlled crystallization or Nanoparticles

Nanocomposites Composite nanomatererials, which use nanosize reinforcements instead of
conventional fibers or particulates

Nanocrystalline solids Polycrystals with the size of 1 to 10nm and 50% or more of solid consists of
inherent interface between crystals and different orientations. The clusters that
formed through homogenous nucleation and grow by coalescence and
incorporation of atoms
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-(De la Rosa et al., 2017)
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pabaia) e saeludl Pla (e Joeanall anll saill 53 e 4500 s0euY) ey .(RiOS et al., 2019)
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b Sl Al JalS e daldl il e Sl gleaally Glad) daia o it dlle duew dlliag gt 3al) ¢
O ALalSiall Byla¥ ) Aadail ket o5 Adlidal) il gy ally Jralaall o Laliadly clgia aaall Jlasinds J5s aie 23 @A
Aol SBY) O ) sanaad) Al LSl Cangs 3 lagaally 3aanl e 51 Ayl alsall alasiad DA L )
S) ) e Db dadnl) (958 ABY) Bk oo s DA e Dl e dpdall Glanally Glie V) Gilaga
NPS alasiu) ) « Al 4ali ey (L et al., 2007) i pdally 488l dual) Sl lilall (e AV £ 151 laal
oo Jly eedl) dad) ciad GlieY) Glane Gaea ZNO-NPS g o) (Sars ccbie¥) Slane Jiad e Wi jiadd)
.(Péez et al., 2019) clie¥) Slae (1 %90 — %70

ClieY) and el ¢ iVt o) Jlas Jaxe TIO2-NPS o suliall a6 jelal cluhyall (saa) a5
Lol 50 A (mpill e dddy 120 2o %100 awdl 13 axill i cwly M imazethapyr
clill e CUO-NPs Lib e samie 4o cijps a5 . (Jampilek and Kralova, 2017 ; Ismail etal., 2016)
Alg 3 Aehl) 8 el dpdny alaa¥) syl I ssd) Gyl dh b sl Glaid) e aaell malill Gulail sl
Clis Qo many Lee byhiials colagall 4801 cpuaty £5Lad) Jalsall bgiin e dlead) Gyl Y1 i
.(Pascoli etal., 2018) Juil) Alwell CSyall jac 33l dgpdal) Gl
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saill Glalaie Joe 2elud sai ciiaeS Ayl @GN 308 3 Gluball e 20 8 ade Jeall my L 1aag
oalVl dse ) 30l eat e e il L) e Ayl slpadl o) Il 3 LA g ) sad el ) ddliadl)
o OLSTpailly SUSI =l it e 508 2Ll Ayl duaill e il Gygad) ey b Jlall Ju e 45300
CRa ALB 5850 Lealasinl die a3l &l e waedl Cijelal 385N e lalaie)y (Jumma and Yahya, 2021) oSl
) Joaall aslall D s GliSa Gans pe lele 8 Qg b 6% 85 Al ald) dse zlaly Slall gad 535 ()
o) dse gl s sl il Alee s dypanll Aleslly Lnglspmnll mdlall Jane o palall Laydl o1y 4020

lee Al Jagraall (e el dgalsal doaadiall (ad) ddee s Wiliads 50 ey canSED saliaall 4560 )
3 .phenylpropanoids b Judll <ls o alkaloids <l sléll e Aslall () dlge (pe ddlida i ) ) o
sy ) ) (TDZ, 2,4-D) clatll sai labiie g iVl dadll 4yl @6 Aasin) ) cluhall gas) el
« hydroxy cinnamic « hydroxy benzoic acids s Momordica charantia !l gl culy 4 Jsudl) - Ll
L5l s3aS Thuja occidentalis (aisll Gl (aliiue alasiuly daiadl Ag-NPs slasiul (Say LS flavonoids
<l NPs alaiuly sl Jiall s 2883 dal) clil€lly cubilall dallas o) coluhall (oamy Cojelily bl sall eaas
Ao il V) puelas e iall 500U GiliaeS Jeas 3 )y (Das et al., 2018) cisudll zw) sak)
ety JalaS 4y Ayl 5)LEY) Chlay claall 238 ()15 G aalill llaaYly NP 40K GiliSin) 235 (ROS)
Gl o3 253y (e a2l e (Vecefova et al., 2016) Hslaiall 1a & culull (goulil) Sldall ol & sl o)
G ) salyys il colall g laall 4 Japtid 5l Aesal) Jalgall aladivd (S dumiiie 3Sha cblilall 8 4l
oylaly lall ¢l alas Layis) eliCitors eus leie cliia s aaaius Ly o(Franklin et al., 2008 ) st
(1)JSa) desiia 48l hlue P o Lkl 2Ll Nsally Lond e Ally csthaal (gl () zll e

.(Hatami et al., 2019 ; Thakur et al., 2019)
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1 FRIMARY CARBON METABOLISM I

Erythrose 3-phosphate Glyceraldehyde 3-phosphate

Pyruvate

Acetyl-CoA
i
amino acids
+ L2 W =~ b
Shikimat Acetate-malonate Acetate-mevalonate Methylerythritol
pathway pathway pathway phosphate pathway
Arom
amino

atic

=
e
ati
acid
Nitrogen-containing

secondary metabolites

(mainly alkaloids)

w w
Phenolic metabolites
(e.g. phenylpropanocids)

1 Secondary carbon metabolism [

s (A el ggal) sUd) B A idal clluall el g gaill 11 JS
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zll & layilis Ag-NPs dmill gl Gl dejal)l e sadied) SBY) ge cadSll & Lias dulpn i
L) Ggyll z sl salyys terpinyl acetate sl sal) Stie Thymus kotschyanus jie3l) il el R REALN|
zls sl bl Jase Je Ag-NPs il & 3l 5 Calendula officinalis olssdy) cilal (&l de) o
Al dgall ANy gaill (unlie JS sal3l JOa) S5 A deagills Ricinus communis g Al calul e gigl)
lagy bl gLl dely )l 8 s Al LB (550 50000 saliadl) Adgiall Cil€yall U juind Jaasl Llsi uall e
il ) s Ol i) WS saly) ) asdlia) @) cps 8 AQ-NPS o Sl Jalasdl Bacopa monnieri ¢ Wl
Ge aS UK 356 238 chyie M Vanilla planifolia Sl cilal sl delyy Je il S il s e e
(HPLC) &IV Jle Jilud) Lahe siles S alat jelals Lo 5891 Ayl chlapuenl pa 43laally 4 giadll L pall - sl
Lladial & Galiiuall 8335 gal) Al gidll SLSHall e paall o) Withania somnifera sl Gly @l paliil
G5t At shadll Lgdldal ulud ey AQ-NPS duaill auSs¥ 4yl Al oo ddaije ldiee 3 Sl O
.(Marslin et al., 2015) p-catechin, coumaric acid, luteolin-7-l Jde LSyl o3 st & dausnl)
e b Oiopally sty sl SIS cpnd e 0l gl ) cAuadl) alaill 400 356N s glucosid
) Lain o) apkis Leagfy Momordica charantia Jall ¢ il clss Prunella vulgaris sl cade by Gul<l)
Gl sSa (ggina 3aly ) @lld galy s sdlally Joudl) LSy 5 (glucosinolates) il ial cpusa ) ae culull ¢ s
Pelargonium Wil ke il Zsusl A geraniol 5 citronelly formate <coryophyllene Jic (gybaall <yl
@l ) Gl pe ) ju3an A Adlad i) Jlad <5 CUO-NPS (e ddlids clyS 5 aladinl o) WS graveolen
Jamwal et al., ; Marslin et al., 2015) 44l 4e)); 4 gymnemic acid s flavonoids « phenolics s
-(Chung et al., 2018 ; 2018
o b il 8 A la sl Am sl peasl il aa) AplSaly Aa) Ayl (SH3 il
5aly) ) 3l sdgy Z 3l 5als CUO-NPS (ulaill 20n€ 3 4yl (358ally dlaleall cieins ) Brassica napa
dgpndl) gl delyy (b Aal sda aSh o5y L Aol CpanS V) palae Ll Sudat ae Jyilly ol i) 8 58
¢l 58 808 clialivn Sy (aleal) Aalgudll LS pall 2Ll 88508 50l Ciyed) Al Ler Jalaall il (il
ol Alalaal) (o Lasy 20 aay 2353 @Nall5 Jsill Cilygine Jlan) & Lygina 52l Calaa gl L (Slyg3 oS5 uell (adls
253 ) il gima 30l aaig L(RiOS et al., 2019) 2L 10 4 o) oulill cligine culS Ly dysilill Slaruall
.ZNO-NPs <Ll 2 5Y 45l @l dlelaall 4laiul Echinnaca purpurea cils GullS dal dely) 4 30
ey 2ie Solanum  tuberosum (adalaudl calsbal (il 315 Jbdll Jleal oo 35 S8 028 () aay (Sl
Llaiul Ld flavonoid s phenolics «steriol glycosides ¢ (Aol zlil o cadSl 2y Jasll 4 Gpae 3850
S 25 8l il Yy Jsial) lygine Jleal 5l (U Jars e .ZNO-NPs clijll 0S¥ Gyl (3506l
NiO-NPs, ZnO-NPs, CuO- ) ety dggslill calaall anulS) e ddlise g )53 A s de al) o aaiad d5yyhay
laias JU Juw e ecaligd i ol e sjle NPS J gV bl Llaiad (458 of Juaisall ey .(NPS
Glall gai 83508 3k Sluhall (gas) 8 Jaaly 45 lal) §5liaal) I LDl cLie e Cat+?/H G835 Na+/K+/Cl
AQ-NPS (10 a2 [ahe 5 il 2.0 58 5 Aaladll 223 Trigonella foenum-graecum alall culs 3 Guis ool S5
1S gY Ayl @lall Lm el Hordeum  vulgare L3l wlils 8 Ferulic  acid, isovitexin  salyy cuis
Gl aat 25 il 53V (g9iaa 315 &3 Althaliana Ll o3 wls 4 (Das et al., 2018) CAO-NPs s\
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3 A gl @l WA @as il W) 8A enl A sl 2

.(Ahammed et al., 2016 ; Garcia-Sanchez et al., 2015 ; Elumalai et al., 2010)

L)
NPs daulss silill ) chlue Jand e Sidy pain € & Al cluball gaes o) Audall 038 (pe i
oe ZNO-NPs (e aalill saushill sleaV) casss of (Say Ally o gsilill (als ROS o bl e Ll DA (e
AN Jals Zy gl clamall @A) Lyl (Saall Gas JIEAY s 3008V Gltindy 3008V cilabias LKA Guuad Gyyk
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The Efficiency of Nanoparticles Oxides in the Promoting the Formation of
Secondary Metabolites Compounds in Plants

Rana T. Yahya
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ABSTRACT
The study impressed on the necessary of using advanced nanotechnology in different fields and
applications, as it contributes in the increasing of production, improving quality, reducing costs,
preventing the use of harmful pesticides and chemical fertilizers, and explain the role of research
related to completing new added value for the agricultural section and for obtain an clean
environment free from nano-pollutants and manipulating them in a positive direction for the growth
of certain types of accumulated plants, improving the plant's ability to obtain plant metabolic
materials with medical and pharmaceutical benefits and directing work to exploit these materials in
all aspects of life because of their importance and empty from any harmful side effects. For this
purpose elements are used as stimulation factors, which leads to enhancing the bio- formation of
these compounds in plant cell cultures in vitro. These factors include elements from biotic and non-
biotic sources, the most important of which are nanoparticles, which are non-biotic extract materials

used to obtain medicinal compounds derived from plants.
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