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Figure 2 Structures of selected phytochemicals from Moringa spp.: 4-{4'-0O-acetyl-a-L-
rhamnopyranosyloxy] benzyl isothiocyamate [1], 4-{-L-rhamnopyranosyloxy) benzyl isothiocyanate [2],
niazimicin [3], pteryvoospermin [4], benzyl isothiocyvanate [5], and 4-{a-L-rhamnopyranoesyloxy] benzyl
Glucosinolates [&]

2 a8y JS4



E-ancamma
iy

0.68 S,T—I]imet].mxlﬂavone 14.521
1;_ 29 Geranylisovalerate 14.664
f; - 14.27 5B,7BH,104-Eudesm-11-en-i-ol 14.945
. 0.57 Nerolidol 15,776
. 0.59 Vitexin 15,935
:: 0.72 Quercetind,4,7-trimethyl ether 16.852
-~ 2.02 Pentadecane,2,6,10-trimethyl 17.931
£ .- 0.77 5,7.3.4-7TTetramethoxyflavone 15.192
F'-'-' 1.03 (8)-(-)-Citronellic acid 19.288
A 6.76 Vitamin E 20.062
4.68 3-(3,4-Dimethoxyphenyl))-4-methylcoumarin 20.254
7.14 Ascorbic acid,permethyl 20.720
0.8 | 3-Hydroxy-7,8,2.3-tetramethoxyflavone tZl.lT
1 7,8,3,4-Tetramethoxyflavone 21.46
2 Heptacosane 21.820
0.67 31,2, 4,5-Tetramethoxvflavone 223131
3-(3,4-Dimethoxyphenyl)-4-methylcoumarin 22.743
Gardenin 23.032
i, S b
A I
R e Ty i




ST w— T - R - O
el S et R

Area sum% S S pal) ad) Jlada¥l ¢aj RT(min) @
AI—Taweel and AI - Anbarl 2019 0.46 3,4,5-Trimethoxycinnamic acid | 5.29 1
% i 0.85 Bavachinin | 9.706 2
0.58 6,3,4-Trimethoxyflavanone | 10.537 3
. Z_ZTE‘T'CS“””‘E’““ 0.36 Morin | 10.782 4
0.26 5-Hydroxyisovanillic acid | 12.106 5
0.59 5,7,3,4,5-Pentahydroxyflavone | 12.199 6
0.57 2-Hexadecanol | 12.709 7
11.91 Pinane | 12.92 8
3.59 Phytol | 13.075 9
5.12 Levomenthol | 13.214 10
0.39 4-Hydroxy-2,3,5,5-tetramethoxychalcone | 13.364 1
0.42 Hexahydrofarnesol | 13.65 12
3.07 | 4,6-Dimethoxyisoflavone-7-O-B-D glucopyranoside 13.788 13
3.38 7,4-Dimethoxy-3-hydroxyflavone | 13.882 14
0.68 5,7-Dimethoxtflavone | 14.521 15
2.9 Geranylisovalerate | 14.664 16
14.27 5B,7BH,100-Eudesm-11-en-a-ol | 14.945 17
0.57 Nerolidol | 15.776 18
0.59 Vitexin | 15.935 19
0.72 Quercetin3,4,7-trimethyl ether | 16.852 20
2.02 Pentadecane,2,6,10-trimethyl | 17.931 21
0.77 5,7,3,4-TTetramethoxyflavone | 18.192 22
1.03 (S)-(-)-Citronellic acid | 19.288 23
6.76 Vitamin E | 20.062 24
4.68 3-(3,4-Dimethoxyphenyl))-4-methylcoumarin | 20.254 25
7.14 Ascorbic acid,permethyl | 20.726 26
L S - | T M | A T | B M s M T R s R R S | Rl I R R ) o 3-Hydroxy-7,8,2,3-tetramethoxyflavone 2117 27
| Counts vs. Acquisition Time (min)

— — _ 1 7,8,3,4-Tetramethoxyflavone | 21.46 28

e
¢ Heptacosane | 21.826 29
0.67 3,2,4,5-Tetramethoxyflavone | 22.331 30
r'm 0.34 3-(3,4-Dimethoxyphenyl)-4-methylcoumarin | 22.743 31
Co 21.52 Gardenin | 23.032 32




el = -

GARDENIN Al-Taweel and Al - Anbari, 2019 o m— -
3-(3,4-DIMETHOXYPHENYL)-4-METHYLCOUMARIN B
3,2,4,5-TETRAMETHOXYFLAVONE B

HepTAcosAaNe D -
1]

7,8,3,A-TETRAMETHOXYFLAVONE 1

3-HYDROXY-7,8,2,3-TETRAMETHOXYFLAVONE B — il
ASCORBIC ACID, PERMETHYL
3-(3,4-DIMETHOXYPHENYL)-4-METHYLCOUMARIN e
VITAMIN E
(S)-CITRONELLIC ACID e -
5,7,3,4-TETRAMETHOXYFLAVONE @F
PENTADECANE,2,6,10-TRIMETHYL FX¥3 ——
QUERCETIN 3,4,7-TRIMETHYL ETHER -
2 VITEXIN 8 -
= NEROLIDOL B L .
E 5-B-7-BH,10-EUDESM-11-EN-1-01 - i
g GERANYLISOVALERATE EXID [ i 4 -
£ 5,7-DIMETHOXYFLAVONE & e -
x 7,4-DIMETHOXY-3-HYDROXYFLAVONE EEFID S
4,6-DIMETHOXYISOFLAVONE-7-0-B-D-.. = #.ar
HEXAHYDROFARNEsOL 8 . ¥
4-HYDROXY-2,3,5,5-TETRAMETHOXYCHALCOE B o

LEVOMENTHOL
pHyToL EEEEID
PINANE
2-HEXADECANOL B
5,7,3,4,5-PENTAHYDROXYFLAVONE 8
5-HYDROXYISOVANILLIC ACID &
moRrIN B
6,3,4-TRIMETHOXYFLAVANONE &
BAVACHININ EF
3,4,5+A55:177-TRIMETHOXYCINNAMIC Acip @

AREA SUM %
4 (’"3,) ds‘:‘ GC-MS phytochemicals screening of Moringa leaves




e e P

S, L - e P S i, e T R
7 / TR ST

Phytochemicals compounds in Moreinga root 2

Heptacosane
Stigmasterol

Curcurmaol

trans-erany lzeraniol
Pyihytanic acid

Witammin E

14-B-H-Pregna

Luteolin &, 8-C-diglucoside
aleic acid

Sitosterol

Ouercetin 3.4, 7anmethyl ether
Ethyllimoleat

Linol=ic acid

Phytochemicals

Cis-Vaooemnic acid

Cholesta-4,6—dien-3-omne

4 e-Dimethoxyispfavone—7-O-B-D-glucopyranocside
scutellarain

5, 7.3 .4 S-pentahydr oxy il avo ne
Cis-13, 16 -Docasadienoic acid

pyitol acetas

Melezitose

Simapyl

0 5 10 15 20 25

6 &8, JSS Al-Taweel and Al - Anbari, 2019  areasum =

&

T i A ]

L <



Mormga Nutrition

VITAMINS

MINERALS -
CALORIES —

500 kcal - =

6670 ug C 19.8 & ;
2% D
(741%DV) a !:alciun\?
40mg 0.717
(44%0\0 Fe (4% 03)13

Ascorbic acid

Serving size: 100 g

e PROTEINS TOTAL FATS CARBOHYDRATE FIBER
e, ¢ 33.3g(67%DV) 33.3g(51%DV) 66.7 g (22% DV) 33.3g(133%DV)

g ' -E Sources USDA Natmnai Nument Database ’ ’
- e NH =T oo o =Y 4Ta afa Boocn »N ' ' ‘




N i - —
r

(el () L5l
| O AN ot e Err iy E o
Al LAl A DNA a2 piey auall olial jleadl baadiS 3 age )50 lain)sall 31 5Y
%43.2 and 21.4% HSV-1, HSV-2 e il 5 yill aliasS Lady j sall §1 5l paliivns Jaxy
s (58 (5 S alas Loy sall B 5Y (Sl Al (aliiil)
Vaccenic acid Jie 4lle 3S) ji g dagall dphall LS jall o el e g3all g4 jall (5 8l (5 gias

=
=l

-
-
-

e gl Q) deliad agalls a1 cala 8 3 5n gl
e S s S Gl ] Balicas 5 300S3U Baliae 3 e (e daadl e Loy jgall g3 (5 gia
= L AN W yae Al GLIVIS d3e ) daia & Jana (3 5Y) Laliie o) GBI
T Gl 53 838l Y sl (e Baae Allad ol g (o Lo sall A ) g3 (5 siaS
—- Antioxidant potential in Moringa olifera leaves extract,
Total Flavonoids Total antioxidant capacity Total Phenols
257mg/100g Quercetin 1701.8 mg/100g Ascorbic 785.5 mg/100g Gallic acid
equivalent acid equivalent
- equivalent




sl

4 : | ‘ Lo : ‘ | #I | x‘-
e can=_ N N ﬁbﬁ) -

: Ladiygall B Vaccenic acid uaalad 4l i) g

& (HDL) cholesterol and apolipoprotein < sics 8345 & )59 Vaccenic acid oaelad Ba gl sl 4addi 106 Ao A ol A -1
Gebauer et al., 2015 .Hypolipidemic effects. <&l (&l a5 (gadll gL ) Ze b 4 dua i) 4ilS

ial) il gaad il pead) al 5 oW1 9 LMA gai g il g pall g (i) il pou (bl B Gaalad) 138 93 ) Ggad) (lamy L) -2

b
__l'.
rd
%
W
A\
r

."-.
o—
I

(Field et al,2009) s Uial) {lladl) cppunt B a4l -3

2 1) Jikal) Aslial agall g oY) quils 8 352 50 -4

Vaccenic acid

(Shi et al., 2014) : i gall g—‘l Scutellarein 4wkl Ai) ¢
B cells (NF-kB) LA 4llad pa Jandiis -
Fibrosarcoma 4= g 4uila yudl al 5 g¥) Janfii -

(Cancer cell metastasis) awall 2 4xita o) DAY 48 ja g JUSH (ya Jands -
( ran-g) Aa1 35 1) SARS- COV g sldl (a9 gl Jasl) g dlladl) (e Jayi -

Scutellarein



R, il

4 : | ‘ Lo : ‘ | #I | x‘-
e amw—_ - F ﬁbﬁ) - : a

https://pubmed.ncbi.nlm.nih.gov/29150643/ :

: Wl gall (31090 8 Gardenin Akl il 4l
LA g A Sy Clalicaa g lilgDU Cilalicaas dagall iy g3 g8MAY) (ha g Aaadall BAuSY) Cilalias ds gana ¢

by sall (39 2 5B,7BH,10a-Eudesm-11-en-d-ol 4zl il gd

al ¥ s LAY o B k) 8 madg JUB (e (Sad a8 AilaiS oY) iy Y (e 9 g (Sesquiterpenoid) Eudesmol S« ¢l dxdall qladl) e

”H HO\<

(R)- !+} a

PINENE

{R] (+}8

{SJ -

{SJ[JB

Cytotoxicity LAY s3] dalud) Alllad g 5 5 93 JMA (e L gai i gh g @Lh g
Lol gladl e 8 ka8 6939 Nicotinic acetylcholine receptors <3l pa bl Y1 e 5 ail) o
. 4x¢d) 3.4 59 Transient receptor potential ankyrin 1 (TRPA1) basdili e 5 481 -

Weston-Green et al., Lady jsall (319! uﬁ Pinene 4uall i) gd
s A G Tl Glgal) Alas B0 505 (5 98 ClilgDU Al ga g LalaY) Sl A (-

Reduced pro-inflammatory markers [interleukin-6 (IL-6), tumour necrosis factor-a (TNF-a), and nitric oxide (NO

2021 :

Positive modulator of the major inhibitory neurotransmitter. cuas3 (saga sa 95 SIAl Jardili g fLlaall djlaa & g0 -



R i . —

GC MS Phytochemlcal Analysns

-
'.'
-—'-_
e T ey,

daual) 1) gil) 93 a¥I qula A 392 gal) Vaccenic acid o2l B-Carotene sVitamin C Jie danh Saus) cildlaa o Lady jgall (3) 9 (5 gias

Bl jodag Al 3l gl Cre AaDAIL) T M) g iad) g il o8N Jia 5 AT Ay eil S 1 392 9 ) Abd Rani et. Al 2018 ¢ JLa) 5 LaS 3l
CAlidd o Lal 9C  omalidgkaempferol and quercetin  W4iay <liSall 838 i GlYameogo et al, 2019 geagy . <lin Al ) 4l
LS Jgakyl e lS g ge CidAl g adATuY) Al CEAL IS de 3l BTy salll avga DA Al Cig Al g Lady s gall p g cadiALy

ey BHA, -tocopherol 82usY) &labzaa s i sal) 3y gA doadal) BasY) Cilalias Ao Ao &igand) (amy & jLal g
T Lk Alladl) 4 g S el (e i) Gl g Loy ssall R80T CNLaiaY) g &parf gada iy Al-Taweel and Al - Anbari, 2019 Clabl A
L= AR ) B idaga LaS g gdadl I Ll 1 300N (e Ly sall B adi o1 3a) g 2 GC-MS kg
"': Alkaloids Marumoside A Marumoside B
- -
5 Sterols B-sitosterol Campesterol Stigmasterol
= Phenolic Acid Gallic acid Ellagic acid Ferulic acid Caffeic acid
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Terpenes Pinene Gardenin

- Sulphur Glycoside Niazinin A, Niazinin B Niazimicin
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-—= Total Flavonoids Total antioxidant capacity Total Phenols

.E-'- 3 djd.; 257mg/100g Quercetin 1701.8 mg/100g Ascorbic 785.5 mg/100g Gallic acid
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== Total phenolics Almost Twice times that of the vegetables (Broccoli, spinach, peas and cauliflower)

_ Total flavonoids were Three times that of the vegetables (Broccoli, spinach, peas and cauliflower). (Pakade,2013)
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Compound
Inhibition of transcription regulator (NF-xB), which is relevant against inflammation and for minimizing diabetes-related (13,53
complications such as diabetic neuropathy. '
Mediation of cell cycle arrest and apoptosis; inhibition of the activity of histone deacetylase; and increasing histone acetylation,
which leads to the enhancement of protection against carcinogenesis. [54,55,56]
Induction of cytotoxicity.
Normalization of kidney genome and blood pressure owing to the decrease in oxidative stress in cardiovascular and kidney (57]
tissues.
Sulforaphane
Decreasing infarct size, brain edema, and cortical apoptosis, reducing the inflammation and tissue damage of the central (58]
nervous system due to the activation of the transcription factor Nri2, and the upregulation of different target genes.
Reduction in the damage induced by high concentrations of substances that mimic the pathomechanism of autism spectrum (59]
disorders in mice models.
Isothiocyanates
Treatment of Helicobacter pylori. [60]
Reduces the risk of skin lesions caused by UV radiation, especially in high-risk patients. [44]
Glucoiberin, Sinigrin, and Suppressing agents, protection of human and animal cells against carcinogenesis owing to the induction of Phase Il
. - — [60,61,62,63]
Progoitrin detoxification enzymes or the inhibition of Phase | enzymes.
Indole-3-Carbinol Chemopreventive agent. [13)
Bactericidal and fungicidal properties and has proven effective in combating respiratory and urinary tract infections. [64]
Benzyl Isothiocyanate
Chemopreventive agent. (13]
Allyl Isothiocyanate, Allyl ; : oo ; T o : aEoc: o
Thiocyaiate, and Ayl Effective natural insecticides, efficiency in eliminating nematodes or flying insects. Possible mechanisms: the inhibition of the (65)

Isocyanate

activity of the thiol groups of key enzymes, or the blocking of electron transport and ATP synthesis.
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Anticancer
Antibacterial
Anti-inflammatory
Anti-asthmatic
Analgesic
Hepatoprotective
Antihypertensive
Antidiabetic Type 11
cholesterol , LDL lowering
Antiviral
Antipyretic
Diuretic
Antispasmodic
Immune system action

Fertility action
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Anti-diabetic
Anti-oxidative
Anti-obesity
Anti-cancer
Anti-analgesic
Neuroprotective
Anti- inflammatory
Anti-microbial
Hepatoprotective
Hypotensive

Anti-obesity
Anti-microbial
Cardioprotective
Anti-cholesterol

Anti-cancer
Anti-aging
Anti-inflammatory
Anti-oxidative
Cardioprotective
Anti-cholesterol
Anti-obesity
Anti-microbial
Anti-viral
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Iron, Calcium,

Zinc, Magnesium
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Seed

1 }
Calcium

Anti-diabetic
Anti-oxidative
Anti-obesity
Anti-cholesterol
Hypotensive
Anti- inflammatory
Hepatoprotective
Cardioprotective
Anti-microbial
Anti-cancer
Anti-analgesic
Anti-viral
Neuroprotective

Cardioprotective
Anti-cholesterol
Anti-diabetic
Anti-obesity
Anti-microbial

Leaf: Quercetin, Kempferol, Benzylamine
Seed (Pod): Quecetin, Benzylamine
Flower: Quercetin, Kaempferol, Benzylamine

Stem: Benzylamine

Root: Ursolic acid, Oleanolic acid, Benzylamine
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Anticancer activity (Uaadl oal e Cilabaa

Lgia 9 Axilla yeud) Jo gladl) (pa Bysad) Janiity Lgalid g ¢ Inhibitor of apoptosis proteins (IAPs) J3A (xa (& Ly ) gall 8 Adladl) 3) gall Jao 4SilSia yacui alina o
« THP-1, T47D, HL-60, Colo-205 L929, HCT-16, PC3, K562, HCT-8, MCF-7, HelLa, CACO-2, COLO 357, MDA-MB-231, A549, Hep-G2, Panc-1, p34,
carcinogen , inactivation , antiproliferation, inhibition of angiogenesis or combination

LBAY aae A 04100 s sire alidd) ) 5319 A549 lung cancer 4l b LA 1e0.25-1g/ml Sk (AL slall A Ly gall (3190 3 s &23_;‘)5;
(Dany, et al., 2012). 4l Azl yul)

L jgall i (e paldiuall Scutellarein  Alabaal) die 55 gala JS8, dita juul) al ) W) (99 s b AR o) Y e 4 a0 B aa g

Al panall clith e (Adall 5 A8 L gag I i) e gal) Buad ) gds (e Glucosinolates s Isothiocyanates (idle gadAiuly (g S8 Jaad Cald) o8 ()
- (Fahey,2005) sidal) il ga 8 Al pud) o) 5 Y1 Janil A g cilaucdd) ic

FES

O siald) g9 piiall 2 A g Jall N Gl LIA Lo iy gal) (31,80 palidans 550 L) <L) (BMC (rbsasill g Jsad) il (22013 ale il Al
5300 Lakusall Gl Galitue Jesial Ltie Gl o34 Jung , 2014 Gl uf g A (s pu LA U5 5 o gsil) Gaaall ciliy s auSial) dgal) b i palitoal)
e 4LaY) die Reactive oxygen species (ROS) (s cubadd g 43 1) a9 LA gal (pa cladi Al g pg/mL

Al EE el (A (HCT-8 5 MDA-MB-231 4t jead) LAY Bl 32 Loy sall pladg (31 55) paliiens (2015) GuoAls Al- Asmari gsiabdl sl €

Ay al 581 Aolady jgall ol ) (pa Aualiinal) Ay ) Cilasas 9SS LS yal Ly 58 L 1,500 <1999 (195305 Guevara Galill a2 ()
xenobiotic metabolism in Phase | & Il & ¢\ 53 @k o8 antitumorigenic Wi sall §5Y (Jgasll el galidual) e € )
AbdRani, 2018 . L35« (-8 £ sl g Auilda yeull LA 5 o) ) 0¥ gl Jasl (8 Loy sall (3109 Qaliiona )93 (Ao bl jall (e Byaad) ixs) (@
A sitina lady ) gal) aliiually dlalaally 5281 s jd MCF-7 £ 95 (3o Al puad) Ja gladl) 8 04,87.13 danay Liadid) 2015 ¢i9Als Hossain BaY ()
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Anticancer activity (dadl o2l Y

Cell line studied for anticancer activity of Moringa species. 2 o8 ) Jsoa

Species Cancerous cell line inhibited References

M Hep G2 Vijayarajan and Pandian, 2016

CONCANeNsis

M oleifera A549, Hep-G2, Panc-1, p34, COLO 357, Monera et al., 2008; Waryaput et al., 2012; Berkovich
MDA-MB-231, HCT-8, MCF-7, Hela, etal, 2013; Tiloke et al | 2013; Al-Asmari et al | 2015;
CACO-2, 1920 HCT-16, PC3, K562, THP- Diabetal, 2015; Elsaved et al,, 2015; Jung et al ,
1. T47D, HL-60, Colo-203 2015; Madi et al, 2016

M MCF-7, Hep G2, HCT 116 El-Alfyetal, 2011; Abd Fl Baky and El-Baroty, 2013

peregring

M HL-60, Hep-G2 Mekonnen et al., 2003; Nibret and Wink, 2010

stenopetala
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Antibacterial Act|V|ty w}d\ LAkl slaa

B9 Agar well diffusion method A8 ey GLwidd dda yal) L 580 (e Adlida (ulial Ao A gaslly lal) paliiuwall 236 (9 ) a8, Jotadl i gy
MJ.\S\JJ@.LJ“JAY\ JJASSUUM\M&AMLMGJAJ& O g A g paal) L S (ulial Ll Adlad Loy | gal) Glaliiuae pian & edi
[(13mm) S salled) 4 58 aaMZ

Table - 1. Antimicrobial activity of Chloroform. Ethanol. Water extract of medicinal plants against human pathogens.

e Plants Extracts Zone of inhibition (mm)
AL Escherichia Coli | Pseudomonas aeroginosa | Staphylococcus aureus | Salmonella typhii
T Vorinea Water - - S _
e : leif g Ethanol 8 9 11 13
— oTeUera " Chloroform 6 - - 6

“C" — Chloroform, “E” - Ethanol “W" — Water Vinoth et al 2!!12

o~ Allad e} 200 mg/ml L ssall GlsY (Al palidal) (e 03e) (B 35 Napolean et al., 2009 s Bukar et al, 2010 &) 5 @)
2 Enterobacter sp, Staphylococcus aureus, Pseudomonas aeruginosa, Y s 4#4)-4‘ LSl (ubial ¢y 4-'4"4‘ M cishal) da) g

Escherichia Coli

Cro b Al 4 68 Al Allad yeda) 3B Loy jgall [ odag S 51 (316Y 100 mg L-1 Asash paldical) o) A Renitta et al., (2009) <& O
Escherichia coli, Pseudomonas and Staphylococcus aureus.

- E.Coli gt (109 ol S dbuaal Adluadl g i sl L 5S4l Lga g UTIs LSl Lygh Lodaanl ) 805 Ly s sl (31051 paaliinal ¢ OKiki et al., 2015830

Escherichia coli, Enterobacter cloace, Jia LSl (e s A1 Y% gad ¢padasdi B Ja / adda § ¢ siaal) cudas (31 9Y1 paliion o)) 33 5 LS (O
(2012« &sA) 9 Busani) Proteus vulgaris, Staphylococcus aureus and Micrococcus kristinae.
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Parts of Moringa oleifera Pathogen Concentration (mg mL-1) Inhibition zone (mm) References
| Seed Escherichia coli 30 8.30 [20]
Salmonella typhi 30 7.66
Shigella dysenteriae 30 7.66
Leaf Escherichia col 50 16.80 [17]
Salmonella typhi 50 8.00
Shigella dysenteriae 50 14.90
Pathogens 95% ethanol extraction method Distilled water extraction method
Inhibition Zone (mm) Inhibition Zone (mm) References
Escherichia coli 21.00° 16.00° 16.00° 6.67° [17, 21]
Klebsiella pneumoniae 19,007 6.30° 11.00% 15.00° [16, 17, 22]
Shigella dysenteriae 19.00% n/a 14.90° 7.66° [17, 20]
Salmonella typhi 23.007 - 8.00° 23.50° [13,14,1516,17]
Serratia marcescens 11.16% n/a 17.002 n/a [17]
Pseudomonas aeruginosa 6.33° 6.670 - 12.50° [16, 21]
IZ Inhibition zone
4inhibition zone at 30 mg mL™ of extract; b inhibition zone at extract concentration over 30 mg mL™%; - for [Z < 6 mm; n/a was not tested
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Oxidative stress

T+ Nrf2
BAX
l HO-1 Caspase-9
T NFkB
T l
T Caapasa-9 Bcl2
b Bz A XIAP

MOLE ameliorated changes in proteins and genes associated with
hepatic and renal dysfunction induced by MTX [SymBol — maans inhibit)

Fig. B. Graphical abstract represents the Hepato-renal protective impacts of
MOLE on MTX- induced oxidative stress, liver and kidney dysfunction.

Our study found that apoptosis was inhibited by MOLE administration, which decreased the expression of Bax and caspase-3, and in- creased XIAP and Bcl-2.
Overall this attenuated MTX-induced liver and kidnev damace We sneculate that the Bax/Bcel-2/caspase-9 sienaline nathwav micht be a taroet for the
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Anti-inflammatory activity <lilgidl slaa
leles U (pa e Jal) i) o 8 plasead) Ao Jand Loy gl (31519 Loy cibualiiona ¢
Inhibition of Expression of a series of pro-inflammatory factors, Anti-inflammatory activity

SLlgB) clabian (e im0 e 36 () A8l dadal) BausY) Cilabian (4 46 (A8 (5 giad Lady 9l Bk o Anwar et al., 2007 O sl S
. Cpiead) e dia (G908l g 7 gl clledll z3le A il g (isothiocyanate and phenolic derivatives) .

ledll el & Yb 1S 50, 100, 200 mg/kg xSk b sall ot Agasl - Alall aldiea ¢ Minaiyan et al., 2014 ¢gfiabd) Ll

™ L Ol Lga 85 g plaa¥)) Qlgdl) o 8l 8 elliS g o g0 )l Gueatl) (padani g (g gd )
= Jia gl &l ydiga U (o oaili g G g A S o) aaieaip 1A (e dad 38 gast) dlal) (315 0Y) paldiu ) 22
=3 (Fard et al, 2015) Tumor Necrosis Factor alpha, interleukin (IL)-6, and IL-1B ,prostaglandin E2,
e

- Lgyj\ul.g.dﬂu\mu\e.\u.\u‘ey7oul()h.u;LA)u.uL\AMM.aL’.A@A.Um%IMJJAS\UUJ\UAMJM\QUAUA@waA
s g9 Al JANa ) QgAY Cilial L sina cellular index g slad) (5300 sl Lgd (adi) Lady ) sall Ao sana O gl g ¢ (S sannall S
=% (2014 9Als Mcknight ) Pro and anti-inflammatory cytokines 4% sala 334 aa L gsuae TNF-a expression (<2

—=r uuml\&.mauﬁcgwwhaj @.\b.n\3ammJﬂ\JgudMuAes3*&9\y3ﬂ3\LpﬁubmwﬁZ()&G‘u}ﬂMUJuﬁ
Forced vital capacity, forced expiratory volume in one second, and peak expiratory flow rate values Agrawal and 4w g2l
(Mehta, 2008)

A9 o il aie Al el § ¢l 48l A 8 Expression of pro-inflammatory cytokines <l gica & s gira Galdid) ¢ fialyl) By
Joung et al., 2017 4&dal) aa lady gall 319
Marumoside Inhibiting of TNF- and IL-1 B (Vudhgiri,et al., 2016
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S S TNF-a( SIL-6  SIL-1P ) lilgiidd By gal) i glacal) (& € £ LT ) ) dlad) (g ol Sl sie 0y ghaaliand) e (e B3 48 ja Jb 53l @)
@ sl Gl sl paliian o) Gk oo Al il oda IS jedal al s B ¢ 4 i<l Al A (IL-10) il aliaal) cilis il
. (Adil et al.2016) = o Lu )

Aila JB) dal) Jlaall ¢ gaa 99 « G (Ao Gentamicin Jle ga Ajall lady; gall ) sd u il Al LS5 Edeoguetal., 2019 vt ©
ol (s (A ¢« lsl) A |L-6, TNF-a, induced nitric oxide synthase (iNOS), and NF-kB Jia cilgil¥) cilialy il ghesa 8aly § A culiad
) U 13 Lady ) gal) palidien el

T

OO e ailall o Al g A jal) gl e 8 plaaad) B Ladygall (815l st palidn b B-sitosterol Lsd ) 2020 0ssAls Xiao UMD
= CES i UR & el e A gd 1) AudeY) A g adll Juas 8 peutrophils and eosinophils WA 4 (alddls) dliS g Th1/Th2 cytokines o
S BVl dal) aliiui (S g alilgBD Baldaa 3 ga o (g giad ladygall jgda o) ) OB e 4y a3 A Ndiaye et al., 2020  osisbdl S8 )
- Indomethacin tiad dliLaa guiliy g dauudy) FLLH (e Juli g cililgaily)  (add
o

(o Oty Slalll) Ganial (e AT g 93501 ) el 9 (5 ) Ganal) duda Adlad W ) 9y (A LS g L gl (31s) (B 9 sall o sal) s B0
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| fmmune disorders 4etall HUJ-EM‘J Ly ) gall
B, SN T T S T B Aol ol sl Rt B il el
9l (o pall £V 58 Alial 3 S 58 &J;'éyd‘ 128 Asan) (pa d) ) Mgl pe g Jualdall Qlgill 5 (e hall 4K 545 1) gt Jia dabisal)
il U ) oS

A pall Cilissall Ji8y pilae JSG0 58 Sy ey ) sall Clialiiis o) Xiao et al., 2020 s Kooltheat et al., 2014, 2017 _Ll
— Pro- and anti-inflammatory (= Modulate the immune balance  eldl o))l Javcay j3lu pe o sl (S5
NF-«xB pathway b Lie s Regulating the activity of signaling pathways 4wl s: cytokines e W i « mediators

-t . ; ; \ 5~ AR - Cn aEh T A 5 :
L i)l 386 o Ge 5 ¢ e Ay pall 5 ey A ptitall Gl (e BESH I Jlaall 18 A plina DI L (9 ) W) US4

S i sl bl s (S cladie Lol 0S8 Ly pall 5 pad cllialiius s Al Aa Jall L350 s de) ) AnlSal
= Aoy (S J il
= Rheumatoid arthritis 4uile 55l Jualiall S Auto-Immune Disorders deliall il s Labaia | il ey ) sall )

__: (Saleem et al., 2019) Waall 51k (e avall cliac ¥ eliall jlealdl daalga s 451l deliall iy Jlaial (e Ax3L(RA)
4 e A e yallt Gt Al A L

b Al Ql) b cpeas ) 25 N,a-L-rhamnopyranosyl vincosamide and quercetin i) sall 3,40
ﬂ_xﬁ o) e Aaadall 4 geall e U Alaas Lyl LS ) 030 Jand Calill (e A A1 AL
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Antiviral activity 4w Gl

10 8 JS& Ly sall 8 scutellarein & myricetin e sall g (S 98w 28 2 ) Bachir Benarba and Pandiella, 2020 ¢Galdl 2 D)
sl daod) LAY o dpaw &l iU ) O 9IADP: ATP ase 4ullad e iUy SARS- CoV helicase protein %90 ki o 4y fill) 5 )adl) Lag!

Inhibiting COVID-19 protease b -4 Rutin 34 Y Molecular docking <wis& Farshi, 2020 dikai €
(Nasr- Eldin et al., 2017) Inhibition%43.2 and 21.4% HSV-1, HSV-2gia g il g il sldaa dullad Lady ) gall (31 ) paldieal o 23 9 LS ()
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 Biostimulants Effects :

Moringa biostimulant has proven effective in boosting crop growth and yield across various agricultural systems. Its
! unique phytochemical composition and biological activity contribute to enhanced plant performance in several ways:

_..:.'-. « Stimulating Root Development: Moringa extracts promote root growth, increasing nutrient uptake and water

5':-. absorption, leading to healthier and more vigorous plants.

‘_;‘-.'ﬁ'-'  Enhancing Photosynthesis: Moringa’s bioactive compounds, such as chlorophyll and carotenoids, enhance
;..""-L_:z___. photosynthetic activity, boosting energy production and plant growth.

—  Promoting Nutrient Utilization: Moringa biostimulant improves nutrient uptake and utilization by plants,

resulting in increased biomass accumulation and higher yields.

-
=
g : « Accelerating Growth Rate: Moringa extracts can accelerate plant growth and development, leading to earlier

j ]a maturity and increased productivity.

g Studies have shown that applying moringa biostimulant can significantly increase crop yields, often by 10-20% or more.
___-_ These improvements are observed in a variety of crops, including cereals, legumes, vegetables, and fruits, showcasing
' 1 the broad-spectrum potential of moringa as a natural growth enhancer.



Moringa's remarkable biostimulant properties stem from its unique phytochemical composition :
. . 1-Rich in various bioactive compounds, including vitamins, minerals, antioxidants, and growth regulators.
'-:-,| These compounds act as natural boosters, promoting beneficial physiological responses in plants.

-Iullk
;'.,-_'L 2- The use of moringa as a biostimulant offers a sustainable and eco-friendly alternative to synthetic growth regulators,

~=-
;;;:.:‘.‘. aligning with the growing global movement towards organic and sustainable farming practices.
sy’
*  3- Moringa biostimulants can be derived from various parts of the moringa plant, including leaves, seeds, and roots.
-
g—
I

These components are processed into extracts, powders, or fermented products that can be applied directly to crops
or incorporated into soil amendments.

The versatility of moringa allows for diverse application methods, catering to different agricultural needs and production systems.



Mechanisms of Action of Moringa Biostimulant

Moringa's biostimulant properties are attributed to its unique phytochemical composition, which includes various bioactive
compounds that interact with plant physiology at multiple levels. These compounds exert their effects through various
mechanisms, enhancing plant growth, yield, and resilience.

Hormonal Regulation

Moringa extracts contain plant hormones like cytokinins and auxins, which regulate cell
division, growth, and development.

Nutrient Uptake Enhancement

2 Moringa promotes nutrient uptake and utilization by improving root development and
increasing nutrient availability.

Antioxidant Activity

3 Moringa's antioxidants protect plants from oxidative stress caused by
environmental factors and pathogens.

Microbial Interactions

4 Moringa can enhance beneficial microbial activity in the soil,
promoting nutrient cycling and plant growth.

These mechanisms work synergistically to enhance plant vigor and productivity. Moringa's ability to regulate hormonal
balance, improve nutrient uptake, combat oxidative stress, and promote beneficial microbial activity contributes to its
effectiveness as a natural biostimulant.



- L l—_\-"ﬂ g .. A
- - -~ . e
o (O Get) sl S

Improving Abiotic Stress Tolerance

Moringa extract application can promote water uptake and retention in plants, improving drought tolerance.

-I:".L '« |t can help mitigate the negative effects of salinity on plant growth by enhancing ion uptake and reducing oxidative stress.
%  Moringa's antioxidant compounds can protect plants from damage caused by extreme temperatures, both heat and cold.

The biostimulant's role in boosting plant immunity and strengthening cell walls contributes to overall stress resistance.

By enhancing plant tolerance to abiotic stress, moringa biostimulants contribute to sustainable agriculture practices and

help ensure stable yields even in challenging environmental conditions.
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Application Methods and Dosage

Foliar application :

Moringa biostimulant can be applied to crops through foliar spraying, directly onto the leaves. This
method allows for rapid absorption of nutrients and phytochemicals by the plants. Foliar sprays are
typically made by diluting a Moringa extract in water, with concentrations ranging from 1-10%.

The frequency of application depends on the crop type, growth stage, and environmental conditions.
For example, a weekly application may be suitable for young seedlings, while mature plants might
require less frequent applications. It's important to monitor plant response and adjust the application

schedule accordingly.

Soil application :
Moringa biostimulant can also be applied directly to the soil as a soil drench or mixed with fertilizers.
This method promotes root development and nutrient uptake by the plant. Soil applications are generally

made using a Moringa extract diluted in water, with concentrations ranging from 2-10%.

The timing of soil application depends on the crop's specific needs. For example, it can be applied
during planting, at the start of the growing season, or during periods of high nutrient demand.



Boosting Plant Immunity and Disease Resistance

These extracts contain bioactive compounds like flavonoids, alkaloids, and terpenoids, which act as natural elicitors,
triggering the plant's defense mechanisms. When applied to plants, moringa extracts activate the production of - —
defensive enzymes and proteins, such as chitinases, glucanases, and pathogenesis-related (PR) proteins. These
enzymes and proteins help the plant fight off infections by breaking down pathogen cell walls, producing

antimicrobial compounds, and strengthening the plant's cell walls.

Research has shown that moringa extracts can effectively protect plants against a wide range of diseases,
including fungal infections like powdery mildew, rust, and blight, as well as bacterial diseases like leaf spot and - —
wilt.

Additionally, moringa extracts have been shown to reduce the severity of viral diseases, such as mosaic viruses.

T
The use of moringa as a biostimulant offers a natural and sustainable approach to managing plant diseases. :
It reduces the reliance on synthetic pesticides and fungicides, minimizing environmental impact and promoting —
S healthier agricultural practices. .
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MLEF foliar application mitigated adverse effects of heat stress as indicated by more photosynthetic rate and intrinsi

~ water use efficiency in quinoa crop due to improved leaf chlorophyll and antioxidants found at flowering and grai

2l

filling stages. Nine percent (9%) increase in seed yield per plant under normal and 36% increase in heat stres
conditions

MIIMMIDNOT T OIIOOOCytoKine-type hormones 2525 Asaolou 2012 &alydl js3

Gl giibad) oludi) LS ja o Lgdl gial ) JJMAQMJJAS\‘)‘JJ\MUAJJ\MJAJ\JMJ o (2017) Rhman et al Osialid) L)

u.\.ul\ KWA( u3#m3m3umuum\ubmu\uau”g

. uadﬁaMuM\JMl.hmY\ dda ja g sUaiy) MAJ.Auﬁo/(ﬂO IS % sl @Y Al paldiual) i) RS (2021) L~ Galll d 43 |,
M\Jﬁ\wy)séuuﬂjuujfwulﬁ\ubﬁ\JM\JJMMMJSAJJAN\JJAA\ ul&.aé.u.

:\.\Sjﬂ\%L@MJKJJ\J&\JMLQJAJMBGAMUJM\ Gliua (ja CGpnd ) Lgd\43%SIAAJJAMd\JJ‘uMUAJ(Z()Z:;)WJM\
Ales sSOUS J pdiad) Cildaa cpa L) (&) o) ngmuﬁoéhJuJ\ s 8 9%10 S sy gal) (8 ) el iy ) (2024)01.“;“1\ M\Jduﬁ
 .i.e. photosynthesis and stomatal conductance (Wahid et al., 2007), induces metabolic modulations (Farooq et al.

2011) which promotes the excess generation of reactive oxygen species (ROS) in different cell organelles leading
o “oxidative stress” (Wang et al., 2011),

* Disturbs development of pollen tube and also causes pollen mortality (Saini et al., 2010), ethylene production alsc
increases, thus ultimately leads to grain abortion and early crop maturity (Hays et al., 2007). Oxidative stess
cause damages to chloroplast along with inhibition of chlorophyll biosynthesis (Farooq et al., 2011).



Case Studies and Field Trials

Numerous studies and field trials have documented the efficacy of moringa as a biostimulant in enhancing plant growth, yield, and
resilience. These investigations have yielded valuable insights into its practical application in diverse agricultural settings.

A study conducted in India on tomato plants demonstrated that moringa leaf extract significantly increased fruit yield, plant height, and leaf
chlorophyll content compared to control groups. Similarly, research in Pakistan evaluated the effects of moringa extract on wheat,
revealing improvements in grain yield, plant height, and tiller number.

Study Crop Key Findings

Kumar et al., 2018 Tomato Increased fruit yield, plant height, and
chlorophyll content

Khanet al., 2019 Wheat Improved grain yield, plant height, and
tiller number

These case studies and field trials provide compelling evidence for the effectiveness of moringa as a natural biostimulant. They highlight
the potential of this plant to contribute to sustainable agricultural practices and enhance crop productivity in various environments.
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