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Phytochemical and Cytotoxic Properties of

Neem, Custard Apple and Mintweed Extracts
3.1 A

at
I LG GARIGEY (phytochemicals) I9¥UA primary metabolites LAY secondary metabolites 13
primary metabolites MmNt nHan InenszuIUMS carboxylic acids Y83 Krebs cycle, Ol-amino
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acids, carbohydrates, fats, proteins and nucleic acids waziluassnilu (essential) ABNITAITIFNUD
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= a . A %dd’l d' 1 . .
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< 4 o . . .
secondary metabolites Lﬂum%eﬁe“lumimuuﬂﬁmﬁwqummﬁ (botanical classification W30
8 :

chemotaxonomy) (Mann, 1987; Torssell, 1997) ©15 secondary metabolites 391U non-essential
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Phytochemicals (Jua1si3adoud Tuanagudounin Junnat 8,000 siianduunldud
o o & A v ' 9 Ao o oA v .
Wuwannmsnaeiuguesny uazuanguaylassadnaluana ndAnfoats lungy alkaloids,

Isoprenoids/Terpenes, Rubber-like Polymer/Polyisoprenes, Phenolic compounds, Rare amino

acids/Tannin, Plant amines I8¢ Glycosoides (Sensbusch, 2003)
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Phytochemicals wmwuﬂmmﬁwmummm A C‘?Nawﬁqmmu (1) antioxidants i’Jmﬂu
4 a ' o o 4 Aaa ' . = . tY
Mfﬁmlﬁ%ﬁﬂﬂ'l'lmt’fﬂ\‘l?l’f)ﬂ']ﬁ!ﬂi!ﬁ‘éili@iﬂﬁﬁll‘lﬂﬂ 1Y ally sulfides 6l‘L!f]ﬁ?J!fVlfJiJ carotenoid, 114!51?1‘1“
flavonoids Tuin wa'lsy wag polyphenols lemua:ag'u (2) hormone action, AB18 hormone VBIAY
' Id 3 ' .
1%U Isoflavones 111 phytoestrogen (3) enzyme stimulants niwj'umsmqmmmmu‘lmf 1% indoles
117 soy 12 beans 1A terpenes JENUAL berries (4) 157UNIU DNA replication 143 saponins 114
TP p p
9 beans 1A% capsaicin Tunsn (5) anti-bacterial effect 1 allicin 14 Az (6) physical action oNy
P! [+Y [ W A‘ ' v g . . ‘gl
WOIanUoINUMSIVAAVDUFD 15 13U proanthocyanidins (www.phytochemicals.info) H9n91NU
i P S .
phytochmicals DInH¥HAwHANANen W IUMIAIUANINES 11Ua1S antifecdants, relellents, growth
d [ '
feactors, growth inhibitors, attractants, chemosteriles N30 insecticides 1 1miluarsaatsdely
A R A w oy = et LY Y o 0o a o aw my 9
FITUYIR ﬂﬁﬂﬁﬂUﬂTWHN‘WTEI!‘BEJ"VIﬂ%i“]ﬁm‘l&ﬁﬁﬁﬂlﬂi"m’l’i‘luﬂ'l'ifﬂ%ﬂltfhﬁﬂ ﬂx‘lﬂ"\ﬁ’l%ﬁlquﬂﬂﬁﬂﬂ
muguuuaiunestsasanaluazan Tudesnin way luuuednm
@ @ o a o A AL 4 e .
Phenolic compounds UANMNWFAUWUFAY antioxidant activity Lﬁ’c)dmﬂﬁﬂmﬁlmﬁ reducing
< .
property Wuens ¥ hydrogens %30 electrons (hydrogen- or electron donating agents) FIE W50
a @ I o w a K I = o
ﬂszmullﬁ'mﬂ ﬂﬂﬂfﬂWﬂ’lﬁlﬂuﬁ'ﬁﬂ"ﬁ]@‘l&lgaﬂﬁiz (free radical scavengers) w‘%mﬂuﬁﬁuﬁaﬂmwu
. . . o Y ad . . Y At A
(antioxidants) Total phenolic compounds (TPC) A30vmTN U antioxidants l@Ma183a N
o @ A @ 3‘/ o any U N P Y 9 Y ] P - 24
’EﬁﬂﬂJﬂﬂﬁTNﬁﬂU‘Uﬂﬂﬂ{]ﬂﬁfﬂ@ﬂi“ﬁﬂl@ﬁ free radicals HHNANMVUIUUDUNIITITNGN oxidized 19D
1A radicals UM TPC Fdpudabosine lildinadgnsegnladamiine U (Halliwell er al., 1995)
4

130 NANEMWEVEINITNA radicals 9105188 metal-chelation (Rice-Evans, Miller and Paganga,

1997) 51181 TPC W1n01992 ¥ radical scavenging activity g4 (Paixao et al., 2007)
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3.1.1 o24@1 Neem (dzadirachta indica A. Juss)

Classification: Azadirachta indica A. Juss.

Kingdom Plantae — Plants
Subkingdom Tracheobionta — Vascular plants
Superdivision Spermatophyta — Seed plants
Division Magnoliophyta — Flowering plants :
Class Magnoliopsida — Dicotyledons Figure 3.1 Neen:
Subclass Rosidae Azadirachta indica A. Juss
Order Sapindales

Family Meliaceae — Mahogany family
Genus Azadirachta A. Juss. — azadirachta

Species Azadirachta indica A. Juss. —neem

gz (Figure 3.1) ﬁﬂmﬁuﬁﬁ%ﬁl%@ﬂ (fungicide) (Geraldo, Arroteia, and Kemmelmeier,
2010) HATHUOUAINAN (nematicide) (Schmutterer, 1995; Pundt, 2000) Lﬂuﬁyﬁmﬁu (mite,
Tetramychus cinnabrinus) (Mansour et al., 1997) ammwﬁﬂmsif}a azadirachtin ﬁﬂmﬁuﬁ&ﬂﬂﬁﬁ%ﬁ
wuae Higudansin mswan'lvues cockchafer (Melolontha melolontha) (Kacthner, 1991) 1azld
MURUIA (fleas) GHVIAZILI (Guerrini and Kriticos, 1998) A291912510N428 (Musabyimana e al.,
2001) wazonlFasaniuumnassssumandan uas wanmsiisadagisiidudagfuianaden
(Schmutterer, 1995; Agarwal, 1996; Alam, 1996; Mulla and Su, 1999; Joshi and Lockwood, 2000;
Daniel, 2000; Kumar, 2002). W8NI1AA15 azadirachtin 14 luuazildonaziaidanuiians gallic acid,
benzoic acid, p-coumaric acid, p-hydroxybenzoic acid, vanillic acid, and trans-cinamic acid

(Xuan et al., 2004)
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3.1.2 1081 Custard apple (4nnona. squamosa L.)

Classification: Annona squamosa L.

Kingdom Plantae — Plants
Subkingdom Tracheobionta — Vascular plants
Superdivision Spermatophyta — Seed plants
Division Magnoliophyta — Flowering plants
Class Magnoliopsida — Dicotyledons Flguz’r; Custard ple:
Subclass Magnoliidae Annona squamosa L.
Order Magnoliales
Family Annonaceae — Custard-apple family
Genus Annona L. — annona

Species  Annona squamosa L. — custard apple / sugar apple

toominiluiiynaliflungu custard apple family Tuiszma Inownzalgadosminaioiug
Annoana squamosa (Figure 3.2) ﬁﬁﬁﬁ’ﬂmaﬂﬁﬂﬂﬁﬁﬁhﬂ ethanol 10 methanol ﬁf]‘l/l%'fﬁ‘ﬂﬂ A
pulse (Callosobruchus chinensis) Taoa 100% (Al-Lawati et al, 2002) uag NIAAN khapra
(Trogoderma granarium) (Rao, Sharma, and Sharma, 2005) ZTWSﬂﬁ/ﬂel‘ljLzﬂztuﬁﬂﬁﬂﬂﬁﬂ1gﬂﬁ1mﬁa
muguuuaIdsnnawiia 1 e nueuthe anuau ua tuam (www.oisat.org) d15millura
Wosnilsenoudae diterpenoid compound kaur-16-en-18-oic acid, Ol-pinene, sabinene LY
limonene (Andrade et al., 2001) lumsanaludle petroleum ether Usenaudiy n-alkanes, n-
alkanols, 16-hentriacontanone, and sterols “‘I&NWUﬁQ‘}’l%{ﬁHu gram-positive bacteria (Staphylococcus

aureus, Staphylococcus albus, WQ$ Streptocorus viridans) HazAu gram-negative bacteria Escherichia

coli, Pseudomonas pvocyanea, W% Klebsiella (Patel and Kumar, 2008)
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3.1.3 BNSANAT Mintweed (Hyptis suaveolens L., Poit)

Classification: Hyptis suaveolens (L.) Poit.

Kingdom Plantae — Plants
Subkingdom Tracheobionta — Vascular plants
Superdivision Spermatophyta — Seed plants
Division Magnoliophyta — Flowering plants
Class Magnoliopsida — Dicotyledons
Subclass Asteridae
: Figure 3.3 Mintweed:
Order Lamiales
Hyptis_suaveolens (L.)
Family Lamiaceae — Mint family
Genus Hyptis Jacq. — bushmint

Species  Hyptis suaveolens (L.) Poit. — mintweed / chan / pignut

uuadnm (Figure 3.3) 1iluiiasasulns #5nonsaade lumaduermns indnha s
msfmiaAaEe  (Wulff, 1987) umﬁﬂﬂwﬁqw‘éusamn%aifluTia!,fdmmms (stored food
commodities) (Mishra and Dubey, 1994) ﬁim%igﬁu bacteria 1’%\3 gram-negative Q¢ gram-positive
(Asekun et al.,1999; Nantitanon, Chowwanapoonpohn and Okonogi, 2007) AIUAN L‘Wéﬂ Aphis gossypil
Glov. 9% Orthaga sp. (DUN Q'lﬁﬁf!ﬁ, 2540) AIUAN American ballworms (Heliothis armigera Hubn.)
(%l‘}fmﬂi‘m( ﬁﬁﬂﬁ‘ﬁﬁu, 2544) umﬂuimﬁuwﬁmwa (Palsson and Jaeson, 1999) 1a¢yd (Tanprasit,
2005) szl lunaenuiivesTanldluumednman W 1¥iAaa 1 lduuas (Aycard ef al.
1993) 1 essential oil anAIIALNIBNAINAITITZAPUNANAD 1,8-cineole, B-pinene, sabinene, B-
caryophyllene, Ol-pinene, 4-terpinenol, Ol-berganmotene, limonene, biclyclogermacrene, B—

phellandrene and, Ol-copaene, B-clemene, and eugenol (Preezada, 1997)
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3.2 Ingiszaan

o

s =2 & A a ¢ . §
ﬁﬂi)ﬂizﬁdﬂ%aﬂﬂﬁﬂﬂ‘HWH NOUATIZHNY U310 total phenolic compounds (TPC) gﬂumj
P . wa o ) < . .
MIUINVOININONEUAN (TLC fingerprints) ﬂmﬂuﬂ%tﬂuﬁﬁﬁﬁﬂ&)ﬂ%m%ﬂ (antioxidant) B
= < o 0 ' I .. 1Y V i < o
ANIgNIANUYUNEADIYAT (cytotoxicity) ¥odensdnaluaziat Tutsenun Tuuazmdauusanm
=1 s -t v 9 ¥ ¥ A A g BV
Tﬂﬂlﬂ%ﬂﬂlﬂﬂﬂﬂmﬁhﬂﬁlﬁﬁ?'tﬁ)'lﬂﬂ']ﬁﬁﬂﬂﬂ'wu'llmﬁi ethanol V]Q‘HLW@L‘IJHﬂ'ﬁﬂTJ%ﬂmﬁMUW

&l b Y =1 =1 ' gl = & = ' @

iipsduvoang nuualinnAwrartiney Anyimsniugu lassinwasuNaITune
J a

3.3 gunsamaz3Es

3.3.1 Jaquazasiail

Folin Ciocalteu’s phenol reagent, DPPH (2,2-Diphenyl-1-picryl hydrazyl radical) t9g TLC
sheet, pre-coated silica gel 60F,,, 911 Merck, Germany !ﬂ%’mﬁﬁﬂ universal extraction Buchi model
B811 9710 Buchi, Germany, Lyophilizer 494 LabConco, U.S.A., drtemia salina 910 Sandders™ Great

Salt Lake, Brine shrimp company, U.S.A. ua:amﬂﬁmmgms::ﬁmm%mmzﬁ

3.3.2 unasvaInBazMIana
q T @ g Qs o ¥ Y a o
luazer  ludeeswiy  luuwednar way  waauuadna  inuluthuSnaumineas
maluTadgsnBuazusnalndifieasouq uniinedea vanuazornluiy duazden euukain
W [} I~ as [} ?)} o o =4 @ I
45°C 2 u dadaunadna uathueshiadienlasmsouuaagn/ganunzaouman udreuun
=l =1 ¥ v =
yaluNBasIuaane I upaazioon
1 Avua 10 05y analuimse 95% ethanol 11AS 09RO 113A universal extraction 1
PN 1 o a o .. { 0 ] o A
gaMnlgInd1 100° C sumemsanane1y waziuiafae lyophilier 1 -54°C ifumsaniah -20°C

v a i o < {0
FEUINMINARDIAITANANYAITAZMOUAUNVN 4°C
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3.3.3 MIUATNUSIN Total phenolic compounds (TPC)

Vinaansiszneuiluoannanua (otal phenoloic compounds - TPC) ¥83e15e0A luazian
(neem leaf extract - NLE) arsanaludsemin (custard leaf extract — CLE) arsana luLuaana
(mintweed leaf extract — MLE) 4o ﬁWﬁﬁﬁﬂ!ugﬂL1M35ﬂﬂ1 (mintweed seed extract — MSE) Jalae s
Folin Ciocalteu’s method (Swain and Hills, 1959; Matthaus, 2002). azmﬂmiaﬁmmzmsmmgmiu
methanol

Wmsaza1ea10619 100 UL 1du 2 mL 499 Sodium carbonate UV 2 w1 ud21d 100 mL
Folin Ciocalteu’s phenol reagent C’}éﬁazmﬂu methanol (1:1) 13 30 WIN A absorbance 'ﬂ A, nm 14
pure gallic acid Lfﬂumﬁmmgmgﬁﬂn m triplicate LIS HeaelSuniun total phenolic compounds

1 milligram gallic acid equivalent (GAE)/L

3.3.4 Antioxidant activity 1a8l DPPH assay

AT IRAUTVIR antioxidation ¥9IE158AA IAwIA9IN free radical scavenging activity f1®
DPPH (2,2-Diphenyl-1-picryl hydrazyl radical) (sigma-Aldrich) #1075909 Brand-Williams et al.,
(1995) uag Sanches-Moreno, Larrauri and Saura-Calixto (1999) Tﬂﬂﬂﬁumﬂéﬂmﬁﬂﬁ/ﬂﬂ 14 gallic acid
ﬁJu positive control HD¥ methanol R negative control m’%awmﬁammms’g’rf‘i’ﬂﬁmms%%’u 31.5,
62.5, 125, 250, 500 UA% 1000 ppm 11 methanol 311 0.5 ml 15 finazate laluaisazaredall 0.2
mM DPPH Tu 1 ml methanol meruldidiuunzfivluiida 30 1t Samagauasii A, om 19
methanol 1T blank HazLAazAI T HEUI triplicate $11I8M percent Y99 DPPH” radicals tnie

Mngasdaang

[
. DPPH |,
%DPPH ,=  ——— X 100
DPPH | _,

hd vy L
DPPH , A71M9u3UY03 DPPH 0
DPPH , Anududuves DPPH Man t

. o v oy o .
DPPH Wuanududuyes DPPH 11381 0 (zero time)

t =0
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[ * 4 ] v & .
uaasralu % DPPH vel) o natfingiam @A % ¥ee DPPH  radical scavenging activity

38 % radical inhibition YB4TITANASIUINIINGATI9A1T

ASAA/[PLE
% Radical scavenging activity =1- ——— X 100
ACON'I‘ROL
A A a
Ay pe O absorbance YDIX1TATDIUINDOY extract
*®
A Ao absorbance Y939130¢a18 DPPH

CONTROL

. . Lo v oW ' I W
Radical scavenging activity voesananleaagauiluanudutuvesesana (ppm) Nandum

LIS A g A o
DPPH AU 11 50% nio1ilu 50% inhibitory concentration (IC,)

3.3.5 Thin layer chromatography (TLC) fingerprinting
Spot e 5 L #e capillary YU TLC sheet (2.5 x 7 c¢cm) ¥4 pre-coated # silica gel

60F,,, 1141 0.25 mm & 1M U9 199101a18ueY 1 em 111 spotted sheet 21911 125 ml beaker 1559

254
10 ml solvent system CdI'NL‘clﬁJu mobile phase ‘lumsmaaaﬁi%’ 3 solvent systems ﬁmmmuﬁqﬂ fio
Ethyl acetate : methanol : water (81:11:8 v/v/v), n-buthanol : glacial acetic : water (40:10:50 v/v/v), and
chloroform : methanol : glacial acetic acid (47.5:47.5:5 v/v/v) ﬂmﬁuiﬂ@ beaker 1oanuaisazaly
52 a0l solvent H99UA 201 1 om 39111 TLC sheet on %11 tazasnmasdae

HE9 UV #i A, nm TA5208n190ABUNYDITITUY TLC sheet MUIMIZOZMIUATOUNTUNT (R)

254

1 o Y
pazmon It undng I

Distance from start to center of sustance spot (cm)
f puwny

Distance from start to solvent front (cm)
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3.3.6 nageuaNMIuNyAeTINTIn (cytotoxicity) ¢ Brine shrimp lethal assay (BSLA)
a s £ g a1 7Y as R . "
’Jlﬂﬂ&"ﬂQVl‘ﬁﬂ’J”lmﬂuWHﬂ’meaﬂ’JEDﬁ Brine Shrimp Lethal Assay (BSLA) (McLaughlin
3 1 % s I ] [ ")
and Rogers, 1998) Tawotassuimetaion (120 g/1) lunaesdanuilu 2 voelumnu mizdedoy
g o T <3 o ] Y A Y
(brine shrimp — Artemia salina) Iaoldluua (cysts) 1g/s00ml lugeuan Uavostiieiuasday
b4 v ] ] 1
NSZAINA (369 brine shrimp 1 25°C Wszans 24 2 Tus 18A200U nauplii - do9ldiveelnajive

2 (A - = v ' < "
ANNANIDDU nauplii ponu1nnimie liluvedan (Figure 3.4)

Figure 3.4 The two-chamber container with a perforate divider and light. The smaller chamber was for
brine shrimp egg hatching. The larger chamber was for the nauplii, migrated toward the light.

819610 10 nauplii/10 | TdTunquued 24-well plate (Solis ef al., 1993) V55 4 mL Wnziaiiioui
= o Y ] o < @ &
vesanaluazial (NLE) Tudeoniii (ALE) luuuedna (MLE tag iuaauuaanni (MSE) Gaazaiy

9 3 H v
11 0.01% DMSO % 10 - 1000 ug/mL H89AD UBLUUSIUIU  nauplii M09 24 TN NAALI 6

replicates AUIUNT % corrected mortality @78 Abbot’s formula (Abbott, 1925)

n 11& T ¥4 treatment
Corrected % =(1 - ) *100
n 11! Co 14 treatment

n = Insect population , T = treated , Co = control

"jlﬂﬂz‘ﬁ,ﬂ"l 50% lethal concentration (LC,) Tne Probit Analysis (Finney, 1971)
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3.4.1 msHuednNInNA (Total phenolic compounds - TPC) uazqﬂ%ﬁmawaﬁasz (Free radical

scavenging - FRS) YDIA1IANA

= = 7, . v 9 3
UsnauAueBnNIMUA (total phenolic contents - TPC) IUAITANARILNIMAL ethanol 1
p

d1a1 (NLE/w, NLE/e) Tuiloenth (CLE/w, CLE/e) Tutaadna (MLE/w, MLE/e) LaZiuaauuaan

A (MSE/w, MSE/e) tiaraalu Table 3.1 TPC ludisanaiiosarnuinlidoeniueiihivdidy

A9 NLE/e > CLE/w > NLE/w > CLE/e > MSE/w > MLE/w > MLE/e > MSE/e @401 mauifiu

338 1 41.83, 309 &= 44.45, 297 £ 31.67, 261 £ 30.74, 254 £ 30.51, 251 £ 31.55, 245 T 26.48 uaz

179 & 13.38 mgGAE/L auaau

Table 3.1 Total phenolic compounds and free radical scavenging by DPPH of the water and ethanolic

leaf and seed extracts of neem, custard apple and mintweed.

Total phenolic compounds

Radical scavenging inhibition,

Plant part Extract {mgGAE/L) DPPH (IC,,) (ppm)
Mean T SD,n=5 Mean SD,n=35
Neem leaf NLE/w 297 £ 31.67* 172.99 + 4.53*
NLE/e 338 1+ 41.83* 211.53 £ 8.61*
Custard apple leaf CLE/w 309 1 44.45* 163.55 * 8.99*
CLE/e 261 £30.74* 218.62 T 3.64*
Mintweed leaf MLE/w 251 £31.55 288.92 T 13.91
MLE/e 245 1 26.48 226.39 £ 6.22
Mintweed seed MSE/w 254 £30.51* 156.44 13,99
MSE/e 179 1 13.28* 155.48 1 7.06

N -neem, C - custard apple, M - mintweed, L - leaf, S - seed, w - water and e - ethanol
t-Test analysis of variance, n = 5 and *significant difference between same plant (P <0.05)
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3y TPC voaesana luaziadlu ethanol ¥INANANARILIN (NLE/e > NLE/w = 1.14)

W1 TPC veamsana ludeunidieshiininnafadie ethanol (CLE/w > CLE/e = 1.18 (1) TPC

vodlumadnmanadioasnzagmeiaaeariia luuana1enuun (MLE/w = MLE/) luwazh
o Y Qs %’ ] @ ]

TPC Y9UNAAUINANAIF NAAWUIINANANAAIY ethanol (MSE/w > MSFE/e = 1.14 1M1) TPC 04

ar a o e A vy o o [ ~ ., 1

drsanannuuanaidsuaanade lintuasvazats or0thunwsizarst polarity MINAM

(Goli et al., 2005)

Ly

3 Y A o ¥y a . o @ a
DPPH (a5 1 hydrogen #3051 electron 181U radical gnid/MIneyyadase (free
. ) ) 2 g} =Y as Y £ ® & g
radical scavenging) vosasanavesiyisenuyiaamisoialdnnmsly prrH  #Heily free
. sy o A - A o qw * g ot o
radicals NWIBUBLTU electrons W38 hydrogen radicals ey 1d DPPH Lﬂuimaqazanai AIanNa
A AR IS 1 o (maea W &, 9 9y =
INABTITIUINTIY phenolic compounds 921301 DPPH i 1d 18 DPPH Tuanaiddes
s d‘ Qs g{' o o’ e
anududuvesasananansndudinioniia DPPH 19 50% 15® 50% inhibition concentration
(IC,y) uaaaly Table 3.1 Uszdnsmmmsmitaoyyadaszvesaisanaisesninnnlinides wie
Tauisoarm 1C,, 91naiosluindsil MSE/e > MSE/w > CLE/w > NLE/w > NLE/e > CLE/c >
MLE/e > MLE/w #4111 IC,, 155.48 £ 7.06; 156.44 13.99; 163.55 & 8.99; 172.99 £ 4.53;211.53 &
8.61;218.62 1t 3.64; 226.39 & 6.22 1a 288.92 £ 13.91 ppm (ug/mL) AINEIAL
f1 IC,, YV0Ia15eAa ludzial NLE/w 1101 172.99 F 4.53 ppm a1 IC,, ¥99 NLE/e IMA1
211.53 & 8.61 ppm (Figure 3.5 A) @1 IC,, ¥94 NLE/w < NLE/e 1.22 11 Hufio NLE/w 3
Uszaninmdueyyadass 1dand1 NLE/e og1aiiivd 1y (P <0.05)
M IC,, ¥vosa1sana lulooniy CLE/w 101 163.55 = 8.99 ppm A1 1C,, 483 CLE/e 191111
218.62 T 3.64 ppm (Figure 3.5 B) CLE/w Hisz@imimmduoyyadass 1dAnan CLEe 1.34 1 (P
<0.05)
M IC,, YvoIa5ana luuadnat MLE/w 10U 288.92 & 13.91 ppm M1 IC,, 489 MLE/e
MR 226.39 £ 6.22 ppm (Figure 3.5 C) Falszanimmimoyyadasz hitanaaiu
1 1C,, Y9IATANANAALLIANA MSE/w M 156.44 = 3.99 ppm i1aze1 IC,, Y04 MSE/e
155.48 +7.06 ppm (Figure 3.5 D) Usz@nimuduoyyadasz luunnaieny
AMTANMUAAUIIANAT MSE Le0d free radical scavenging activity gannasanaiisdus

o o

¥ Y q a oA = ' as <
ptniiudiAy P < 0.05) WenSeuioulszanimudueyyadaszszninmsanalunazda
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unang muasasanagzmnnydenuaz luazianmBuviveslsumeuhaidnenw

| . o w L v X o ~ o 1 10 o
111U radical scavenger 19 DPPH A1 AUVUAUTUANITVNIAZDY uadsuna TrC lidany a3
o 4 ¥ o o L R"Y = v v 3 o vy 3
analaenain1dIe hexane 1A DPPH 18 10 11 anasanadeni  msanaluazimdiei
o L ¥ = Y ~ [ v Y o o o
fia DPPH 18 3 iMAn a3 afAfI8 methanol itaz ANNHITTNANITOYNUTUDIA 51BN DD
[ ) £
BU9  (Ghimeray, 2009) dwamueyyadaszuesmsasaluazmnnrdnguiiaeandesdiu
= ¥ g . . & d . w g
MsANYINTeH 0619150 INETS azadirachtin Haitlu active compound vosazim luasaname 80%
' v ?a A ' . ' a o A
methanol g4NNMTANAAILUDUNDY 200 (M1 Manjula (2011) wu luazedwRen 1lunig
a’ 1 T Qs i’;’ L]
MIUNNG ANRAIY ethanol, methanol NUFWe TPC Uszuiar 1.7 whmnnhasadiein  ud
I~ [ ) = ¥ ¥
AN 30U radical scavenger YOIETANARILATAZ AN 3 LA (ethanol, methanol 4agU1)
1 ' a/ yw v Qs Q Qs g
Tiuananasny wenvniidanunluazian lneain 13 sandavinynmavetlsunsing aiadaei
=) o s o o ¥ . ol Qs o as :ﬁ’ {
151w TPC uarnanudURUSHOALAY radical scavenging activity ttagduRusAuAuRgnazia
(Sithisarn and Gritsanapan, 2005; Sithisar et al., 2007)
Vv ° 1 Y v 9 (é’ 9 [ 1
dszmaluwwniou  shyndiwvesdosnin I ldmamsunndiubn  SnwmaeTsausu
'
T'iﬂ‘ﬁ'ﬂ'iig (epilepsy), Ua (dysentery), 1 le (cardiac problems), niniia (fainting), W&15 (worm
. . - L : ¥ X
infestation), GN Wf (constipation), GOGREL (hemorrhage), aanzda (dysuria), 14 nseuiei e
39n3181139 (malignant tumors), UGN (abortifacient) azuna luaT8IzMAURUBINT (ulcer) (Yadav
] 'y g 1 o w = = g o @
et al., 2011) uazwuNdeeniniuunaId1AYVeIaTs antioxidants TusssunAdmiuinmisald
@ I 32 g . .
YSus TPC vosaisanaludesmihdistidauiluans polar solvent T¥ina free radical scavenging
' w 2 g . .
#18 DPPH 1@ana15anadae ethanol Fuiluais non-polar solvent (Kothari and Seshadri, 2010)
= o =S H dyd 1 as [ < o Y 9 i
HAMSANTIZA TUMSAnEIRSIAMIEUAY  e61915Amu a1sanaludie ethanol ¥oaioenii
ﬁiﬂﬁqu. squamosa fM9a DPPH® 14d (Vanitha et al., 2010) unda 18 T08n 0 4. reticulate iaz A.
muricata (Baskar, Rajeswari and Kumar, 2007)
¥
' a a . o ] o
Tumsdanp1il WuNYseEnTaIn free radical scavenging vosasanalunazmwanauuednm
¥y ¥ a @ ' o v @ A o o ¥
A1An 71 (IC,, 1o8nI1) AAARIY cthanol 1Az IC, WNRUAUUTINYEY TPC Assziiiuldnings
a < [y { . . ..
AnANAAULNEan MSE/e 3 TPC Wouliga uazuena IC,, Y9 antioxidant activity 1n8 DPPH assay
ooy Wufe a1saNAY0UNANMEANARIY ethanol 1152 ANT AN free radical scavenging activity

o

J Q/ g 1 s 4 @ as 1
gInhasanadin  wer  gannasasadivdug  Ivangiumumisadeuusdnmdinly
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{(Narayanaswamy and Balakrisnan, 2011) 8% Funiioan (aerial parts) (Khomdram and Singh,
2011) AAAA0 AT ethanol YDA H. suaveolens 1A IC,, ¥4 antioxidant activity WnHUAY TPC %9

@ =2 ¥ d"
auumgumsﬂﬂm“luﬂsw
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3.4.2 Thin layer chromatographic (TLC) fingerprinting

¥/ 3
Tumstneindell Idmsduuumsuenveseswgnuundl (fingerprint profile) TaonfSeu 1oy
. & o A o Mg Y A a o Y v W
9105¥VY mobile phase Fuilumsiazawimihaswgnyuail lfndouiituniualsszeeniamans
¥ s . ~ 3 ~ 2 L) o R Uly
udwaguauiamuaivesaisunazaia Tumsanyiildnaaoeld mobile phase systems au'ld 3
STUUMMINZ AN ITI5UENEITanA 1A 7D System A YTLABUAIY ethyl acetate : methanol : water 11
N1 81:11:8 (v/v/v) System B U52n9UR3Y n-buthanol : gracial acetic acid : water Tugasiaiu
40:10:50 (v/v/v) U System C 152APUAIY  chloroform : methanol . gracial acetic acid luensiau
[~ ' = o
47.5:47.5:5 (v/iv/v) 92 1@31 mobile phase 3 systems Henuisousnaisailuasanavosluazion
6 ] s <4 @ ] @ %
Tudeonin Tuuusdnan uag waauuednm Idmasy uaglduoummizvesansadnmu mobile phase
system HUAB d13dna luaziaien i mobile system A ¥130 B 30 C uon'|d Fingerprints 494 NLE/w
ATIBUDY NLE/e (Figure 3.6) 1y ue@eafl Fingerprints Y99 CLE/w ad18v89 CLE/e (Figure 3.6)
Fingerprint Y99 MLE/w 710903 MLE/e 14a% Fingerprint Y89 MSE/w Ad18v89 MSE/e (Figure 3.7) 113
' r 6 v o 4
ndouNvoIEITWY NHUATIUDIETanAll mobile phase system LEABBANIARUITULDUFITTLEEN
4 lo o 1 ) @ W @ =1 { @ P
waBUNFUAT ¥50 R, UMMAY TLC @199 Audananilu Table 3.2 vedunsuiiuansnanadieiii)
¥ 1 ¥ ' ar I q ' °
polarity §4A319% adsorbed VULAY TLC HUUNNTANARIY ethanol 1Hunald Idm R, &1 ondu 13
anpvesluuuadnaina R, Indifeeny wazionsiaguaudionas UV fi A, nm nouvosmslsingd
UANAINAU (Table 3.2)
. <3| ~ jj @ o 1
Thin layer chromatography (TLC) flumatialumisnsivnudesduvesarsananing1afiss
4 Y | . Ay A ) v oA qu P o
mgu"lws L‘WE]GW:J: characteristic fingerprints mmmummw“vﬁyu"lwmm ﬂaumﬂmwﬂumzﬂuqa
) . .. g i : 2
I%¥U high performance chromatography TLC fingerprinting %qzﬂuﬁﬁazﬂaﬂ‘lumﬁmmammw
(quality) NAUFWIB (semiquantity) tagldnsrnmaasolulumsdsenovvesiivayulnids  TLC
fingerprinting f]”ﬂ%’ﬁmﬁwﬁﬁmmgullwsﬁnlﬂé’qmﬁuﬁ (endangered medicinal plants) Tus¥smi1d 14
) 3
MANFIUYDI TLC fingerprints HATIZHHIAIUAT VOIRY 11018 31Mae) thaiuldnaunuiy Tay
n3sumey R, 499 TLC chromatogram moldudsaing (VIS) UV A, nm Ha¥ A, nm (Zschocke et
Y-V I2N ks ~ [ =) o s [ H =
al., 2000) waglFunnsimmsnldoun)asaidsenovvesiweayu lnsiivaniamaiy dwaieseaa
3 o r Y a
auﬁamqmu 59 (Stafford, Jager, and van Staden, 2005) TLC fingerprint FaldFwrumsinsigim
free radical scavenging activity YB3 ANA lAeDY (Lavhale and Mishra, 2007) wazld TLC fingerprint
g fe*4 i s =y l{
asmmsday lumsanadylaohonm R, Ae51as31uuSgnd (Cui er al., 2005; Anandjiwala et

al., 2007)
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Table 3.2 Comparison of R, values and color appearances of ncem, custard apple, and mintweed

extracts separated by thin layer chromatography using three mobile phase systems. System A contained

ethyl acetate : methanol : water (81:11:8 (v/v/v)), System B contained n-buthanol : glacial acetic acid :

water (40:10:50 (v/v/v)), and System C contained chloroform : methanol :

(47.5:47.5:5 (v/v/v)). The band color was detected under UV A, nm.

glacial acetic acid

R, values
g Neem leaf Custard apple leaf Mintweed leaf Mintweed seed
% extract extract extract extract
:
% NLE/w NLE/e CLE/w CLE/e MLE/w MLE/e MSE/w MSE/e
=
A | 0.40(DB) | 0.34(DB) 0.24(DB) 0.14(B) 0.24(B) 0.24(G) 0.10(DB) 0.34(DB)
0.42(L.Y) 0.34(LB) 0.80(LG) 0.44(LY)
0.54(LG) 0.56(LG)
0.82(DG) 0.74(G)
0.82(DG)
B 0.11(B) 0.31(Y) 0.06(B) 0.19(B) 0.15(B) 0.19(B) 0.12(B) 0.36(LY)
0.24(Y) 0.47(G) 0.14(B) 0.46(Y) 0.28(LB) 0.42(LB) 0.21(LB) 0.44(LY)
0.44(Y) 0.63(Y) 0.40(LB) 0.60(LY) 0.46(LY) | 0.51(Y) 0.44(Y) 0.56(LY)
0.61(LY) 0.74(LY) 0.47(G) 0.82(G) 0.60(LY) | 0.64(LY) 0.66(LY) 0.75(G)
0.58(Y) 0.80(LY) | 0.81(LG) 0.78(LY)
0.84(DY)
C | 0.09(LB) 0.31(LB) 0.63(LB) 0.38(B) 0.35(B) 0.14(B) 0.24(B) 0.51(G)
0.31(G) 0.39(G) 0.49(LB) 0.56(1.B) 0.50(LB) 0.40(LB) 0.65(LB)
0.49(LG) 0.50(L.G)
0.66(Y)

N - neem, C - custard apple, M - mintweed, L - leaf, S - seed, w - water and e — ethanol; DB - Dark brown, LB - Light

brown, B - Brown, DG - Dark green, LG - Light Green, G - Green, LY - Light yellow, and Y- Yellow.
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a d (%4
3.4.3 anuiuiivaeiraa (cytotoxicity) vosmsana

£ a A ¥ g a : A .
ﬁrljaaﬂﬁ]ﬂ‘ﬁ(ﬂ’]\j%?ﬂleLﬂ@ﬂVNﬂNﬂlﬂuWH (toxic) cnﬂ%lﬂmu']ﬂ (hlgh dose) NIINTIINN

&

a

anuiluiyvosmssssumnanaiyldlasgainmsavvosdafuuindn (in vivo lethality) M3
31nT121IA0 Brine Shrimp Lethality Assay (BSLA) 1 bioassay system ﬁ’d&’ﬂjﬂ ml1¥91elinn
waz lideamansaeaideunz bidealddatduge iilosnn1dfulos dremia satina il
o inaanaduuyy

TumsTaseimanuiuRyveId s anauAaE WY (single extract treatment) WU 13 eHA
U@ I8 ethanol flE]Vl%“llﬂ\‘iﬂﬂmﬂuﬁyq\m’j?ﬁﬁQﬁQH&WBdWQﬁﬁﬂﬁWﬁﬁj (P < 0.01) 93NV
msasawiauuadnmdnhilfiviesn nafndie cthanol (P < 0.05) (Figure 3.8 11ay Table 3.4)
50% lethal concentration (LCy) 7! 24 #1 Tusvesasaiaideanintioslann vienngniunnudes
#o MLE/e > MLE/w > MSE/w > NLE/e > MSE/e > CLE/e > NLE/w > CLE/w 3l LC,, 1111
0.14 £ 0.02, 0.86 1+ 0.07, 3.65 & 0.41, 6.33 &= 1.12, 6.37 & 0.60, 27.78 & 3.27, 48.37 £ 5.13 LAz

o w [ <3 @ a 7 @ 4
115.06 &= 8.97 ppm muday tagensanalunazuaauusanmINyganNamsanaisou

140-
120- T
— 100 o
£ :
o 804
S L
g 604 _ pi
S - pe
= a0 B
55 e
- .-om...-
o
oL EEE e /
& S @ @ A% O O
NN <o PP
NN N4

Figure 3.8 Cytotoxic effects of individual extracts of neem, custard apple and mintweed leaves and
mintweed seeds monitored and screened by brine shrimp lethal assay (BSLA). The toxicity was
expressed as 50% lethal concentration (LC,) at 24 hours. N - neem, C - custard apple, M - mintweed,

L - leaf, S - seed, w - water and ¢ - ethanol. Bars were S.D. (n = 6).
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NLE/e (LC,, = 6.33 ppm) WHEINI1 NLE/w (LC,, = 48.37 ppm) 7.7 1N
CLE/e (LC,, = 27.78 ppm) WHE4NI1 CLE/w (LCy, = 115.06 ppm) 4 171

MLE/e (LC,, = 0.14 ppm) ﬁ}!q&ﬂﬁ MLE/w (LC,,=0.86 ppm) 6 1
¥ A | o [} = P AE o o o A 3
Vlﬂu@"lmﬂuWﬁ’l&’ﬂTﬁ!lUﬂﬁTiﬂi$ﬂﬂﬂ'€]@ﬂﬂ1ﬂﬁ3'ﬂﬁﬂQW‘])'Wm1UsU‘LIﬂ‘Uﬁ1§‘Vn'ﬂ§ﬁ’lUiuﬂ15ﬁﬂﬂ AU

10 ¢ ethanol (Pisutthanan, 2004; Goli ef al., 2005; Ghimeray, 2009; Manjula, 2011)

dlowaw 2 msasadasadivansiazaeyiafety fuves NLEw + CLE/w (6,
10.95 ppm) ¥INNNNBYDI NLE/w (LC,, 48.37 ppm) 4.4 1M1 agNINNINWYUDI CLE/wW (LC,, 115.06
ppm) 10.5 Vi (Figure 3.9, Table 3.3) uﬁﬂﬁﬁﬁﬂ’!ilﬁ%hﬂ‘ﬂ% (synergistic effect) ¥ Avve9 NLE/wW
Hay CLE/w 1N NLE/w + MLE/w (LC,, 7.25 ppm) aANYYBI MLE/w (LC,, 0.86 ppm) 13 111
HAAINTAANY (reduction effect) YOI MLE/w

MIHANSENINATARAAIY cthanol ALeraIRyluUBARLINU NLE/e + CLE/e (LC,, =

1.52 ppm) WEWINAI NLE/e (LC,, = 27.78 ppm) 4 1111 11az11AnI1 CLE/e (LC,, = 27.78 ppm) 18 1111

S

s
<

ammms |
janase i

3
o

LCso (ppm)

e

0o

esEEssssnss s
T

INSEESNNESEEEARN
Tt

3
20
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Figure 3.9 Cytotoxic etfects of extract combinations between the same extract solvent. The toxicity was
by brine shrimp lethality assay and expressed as 50% lethal concentration (LC,) at 24 hours. N - neem,
C - custard apple, M - mintweed, L - leaf, S - seed, w - water and e - ethanol. Bars were S.D. (n = 6).

@ @ @ @ V ' £ I a
ﬂ’ﬁﬂﬁllf'”iaﬂﬂl!ll\janﬂ']ﬂl]ﬁ"]ﬁﬁﬂﬂiuaﬁlﬂﬁluﬁgiu‘ﬁ’ﬂﬂwuq WU'Jﬂlf]'ﬂ'ﬁﬂ'nnlﬂuwyﬂlﬂq

MsanadasdnneIanns wilaosIusnas uRBYIMNIGNIN NLE/W + MSEAv (LC,, 11.04
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ppm) MSE/w #4iif1 LC,, 3.65 ppm Wivanas 3 tM11ag NLE/w #ag CLE/e + MSE/e (LC,, 5.24
ppm) FWUWHYDI MSE/e (LC,, 6.37 ppm) (HE 1.2 1911
=4 9 £ a 9 @ 9 o o kY
vzrinlan  givesmsananausenIea1sanaludie  ethanol  ueasauduAy A
i % 1 ¥ Q) ¥ ?;v’ 1 V= S Y
NN (LC,, WoBnI1) MInausznInNasanaludluosniivdidy (P < 0.01) (Table 3.4)
= &£ ¥ i @ I~ Qs
MLE/e [@SUGNHIL synergistic effect 1% CLE/e 18 NLE/e ugimswauiilasafauaniuadnaay
% o PR [ ' = I - A =t o =t
11 (MSE/w) diivanas (LC,, 11nn71) egnilieddy P < 0.05) wenffeumsunuaimg
I a1 ' T ] v o = £ o a [Y o q
HAEHHIANAY (LC,, 11nn17) og1e luThisddny msaSugnianuiuivvosmsasanay vyl
annsodonlFamsanalulSuiandesawa Iddsz@nsmmganiwasdsendamldsiylduinan
1 ) w { % I o £ ar
wasA LC,, Mavasasananmviomsananauazilududonlumsinyimageugnivesansana

Tudoulvdun ao'll

Table 3.3 Cytotoxicity of individual and combined extracts of neem, custard apple and mintweed leaves
and mintweed seeds, determined by brine shrimp lethal assay (BSLA). Data are expressed as Mean +
S.D. of LC,, (ppm) at 24 hours.

LC,, (ppm), 24 h.
Mean > S.D. (n=6)

Plant extract Water extract Ethanol extract P-value
Individual

NLE 48.37 1 5.13 633t 1.12 0.000%*
CLE 115.06 1 8.97 27.78 £3.27 0.000**
MLE 0.86 1 0.07 0.14 1 0.02 0.000%*
MSE 3.65 1 0.41 6.37 £ 0.60 0.004%**
Combination

NLE + CLE 10.95 1 0.74 1.52+031 0.000%*
NLE + MLE 7.25 1 0.88 0.07 - 0.01 0.000**
NLE + MSE 11.04 1 1.49 473 1054 0.000%*
CLE + MLE 8.4210.72 0.65 10.08 0.000**
CLE + MSE 8.93 1+ 0.60 5241116 0.002%*

Note: NLE - neem, leaf extract, CLE - custard apple extract, MLE - mintweed leaf extract, and MSE-
mintweed seed extract. ** significant difference at 2 <'0.01 and * significant difference at 2 <0.05,
analyzed by i-Test of variance
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3.5 ajldwemanaaes
= o A LY ~ @ £Y ' @ <]
msfinfaauAliioaduveoang nyuAlvosmsaia Ty Hoonul 11ednaI Lazman

=3 ]

puadndaldninmsadadioiuas 95% ethanol Tunsesdnada Tusiangumaligenin 100°C 31l

LY

o

%@Hﬂl%uﬂ%ﬂﬂtﬁﬂﬂlﬁﬂ?ﬂ& total phenolic compounds (TPC), free radical scavenging (FRS) ia¥
oytotoxicity zfiul@Imhawisaasams phenolics MnluvesfialdFinalndiRoasuasadi
cthanol spuasasawaaudnmiiaiadini (Msew) 18 TPC wn Fenaiiarsiseneni
polarity waniluly  misadadinivedluase (NLEw) uazludfesnin (CLEAv) ueaa
Uax?m%mw“lumaﬁwaﬁ“ﬂawaﬁmz (Free radical scavenging - FRS) DPPH. 8RN 1eriadae ethanol
NLE/e 418 CLE/e aaumsadaluuazuanveuadnmiilsednam Frs 1ndifeeny
sUnIuMILENYRITITHYNYUAN  (fingerprint profile) F9180nmMsuendds Thin layer
chromatography (TLC) 1u@15 mobile phase 3 ¥V Ao System A Useneume ethyl acetate :
methanol : water 1UOATIAIN 81:11:8 (v/v/v) System B U52nouRIe n-buthanol : gracial acetic acid :
water 1UOATIAIU 40:10:50 (v/v/v) 18y System C YseneuaIY chloroform : methanol : gracial acetic
acid TSATIAI 47.5:47.5:5 (v/viv) B1UNTOLEN fingerprint LAY 5oz AU R, YOI 151AT)
Tuasasadaoniuay ethanol vodluazan Tudesmit Tuunadnm uaz wiauuadna ldaaii
naznunanuiluivvesmsaiadomadusia (cytotoxicity) voaluiiwia 3 winfiasad s ethanol
NLE/e, CLE/e Ua¢ MLE/e ﬁmmz"ﬂuﬁuqaﬂiWﬁfTﬂﬁ”Jﬂﬁ1 dmdsasaudaveauadnamdini,
MSE/w AaUIREIIANIIARARIY ethanol, MSE/e 815aNANTNIZHINAITaZag¥ia@aeIfy wun

<
=

Ed 1
N33 WY AWTASURBABAUIDY synergistic effects I9gan Wyvosasanaguaunignigage
=] et 1 ' t:;d af o ‘:; 24
flo NLE/e + MLE/e T LC,, tM10U 0.07 &= 0.01 ppm uazgwauniignsiesngano NLEw +
1 ' L 1 =y Q( 2 ] H
CLE/w Jifi1 LC, tM1A1 10.95 1 0.74 ppm 1Az wu31 CLE 1505 1Wny NLE luvmzl MLE uay
a £ @ g @ i <
MSE 1@f3ugn5 1901 CLE msizanuvainnalevosngnyual lumsananey og1e lsiaiy ms
= £ o a ' [ q 4 g '
s nuvesmsananauInizitiumaionlumsldlsz Tesdnniesld 1dgega  wuldas
1 a £ ' I~ = g < Y
Ysunadesaua lilsednsgenit uaz iuwaddodunadoutazd s msiziua1s0nsssuman
W Y 4 Y fo g 2 a £ o A4
hiandnluduneadoy  wennnfiduilunuamalumstinyimmsiesugnivesansanaiydus
¥ ' o a I ® . (% =y .
no 1Y othelsnay dunamiulddn cytotoxicity apandoenuySunat total phenolic compounds V4

ANTANA UANARUNY free radical scavenging
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Table 3.4 Summary of total phenolic compound content, free radical scavenging activity and

cytotoxicity activity of the leaf extracts of neem, custard apple, and mintweed and the seed extracts of

mintweed.

Total phenolic cpd Inhibition of DPPH Cytoxicity, BSLA
Extract (mgGAE/L) (IC,,) (ppm) LC,, (ppm), 24 h.

Mean = S.D., n =5 Mean +S.D,n=5 Mean +S.D.,n=6
NLE/w 297 £ 31.67* 172.99 &= 4.53% 4837 £ 5.13%x
NLE/e 338 10 41.83* 211.53 £ 8.61* 6.33 T 1.12%*
CLE/w 309 1 44.45% 163.55 1 8.99* 115.06 = 8.97%*
CLE/e 261 +30.74* 218.62 £ 3.64* 27.78 £ 3.27%*
MLE/w 251 k3155 288.92 1+ 13.91 0.86 1 0.07%*
MLE/e 245 1 26.48 226.39 £ 6.22 0.14 1 0.02%*
MSE/w 254 F30.51% 156.44 1+ 3.99 3.65 1 0.41%
MSE/e 179 1 13.28* 155.48 1 7.06 6.37 1+ 0.60*

N - neem, C - custard apple, M - mintweed, L - leaf, S - seed, w - water and e - ethanol
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