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Abstract

The purposes of this research were to determine (1) lipid peroxidation inhibition property on
polyunsaturated fatty acids, (2) cytotoxicity on a human cell line and human normal cells, and apoptotic

proteins which were to induce apoptosis in both human cell line and human normal cells.

Lipid peroxidation inhibition

Mintweed leaf extracts were found to process lipid peroxidation inhibition in Fe (II)-induced lipid
peroxidation of phosphatidylcholin, the polyunsaturated fatty acid which is one of the principal fat
components in cell membrane. Leaf ethanol extract (MLE/e) was more potent in lipid peroxidation
inhibition than water extract and antioxidant standard, Catehin, by 3 fold. The IC,, at 24 h of MLE/e was
5.43 +£0.37 pg/mL and of MLE/w was 17.45 + 0.21 pg/mL which was merely equal to of Catechin, 17.92
+ 0.18 pg/mL. The mintweed seed extracts were significant less potent than the leaf extracts. The IC;, of

MSE/e was 35.95 + 1.78 pg/mL and of MSE/w was 725.48 =17.81 pg/mL.

Cytotoxicity to T lymphocyte leukemia cell line - Jurkat cells and peripheral blood mononuclear cells

(PBMCs)

Cytotoxicity of mintweed extracts was analysed by observing the viability/death of the cells at 24
hours by Alamar Bleu (AB) assay. The leaf extracts were cytotoxic to human T lymphocyte Jurkat cells,
but not to human peripheral blood mononuclear cells (PBMCs). The level of cytotoxic potency was dose
dependent fashion.

Cytotoxicity of MLE/e to Jurkat cells lower then of Catechin 1.63 fold. The MLE/w cytotoxicity
was less than Catechin’s 2.68 fold. Cytotoxic efficacy of all extracts determined by IC, at 24 hours was
arranged as MLE/e, 553.52 + 14.00 pg/mL > MLE/w, 912.06 + 16.86 pg/mL > MSE/e, 2385.95 + 81.28

pg/mL > MSE/w, 5813.45 £ 111.25 pg/mL. While the I1C,, of Catechin was 339.74 + 14.55 pg/mL.

Cytotoxicity of both MLE and MSE extracts were very low and much lower than of Catechin,
significantly. Although, the toxicity was dose dependent. The potency of all extracts was arranged as

MLE/w, 1140.52 + 06.05 pg/mL > MLE/e, 1356.17 + 136.78 ug/mL > MSE/e, 2920.68 + 155.38 pug/mL >



MSE/w, 5813.45 +£ 111.25 pg/mL. The Catechin’s IC,, was 647.00 = 12.76 pg/mL.

Apoptotic induction

MLESs were able to induce apoptotic death in Jurkat cells and PBMCs analyzed by the nuclear
morphological changes. The nuclear blebbing appearance was observed by Hoschst 33258 staining. DNA
fragmentation was investigated by SDS-polyacrylamide gel electrophoresis (PAGE). The apoptotic factor

proteins, Caspace-9, Bcl-2 and Bax, were analysed by Western blotting followed by immuno detection.

It appeared that the lowest effective concentrations at 400 pg/mL MLE/e and at 800 pg/mL MLE/w
were able to cut nucleus in to nuclear blebbing and nicked nucleosomes into pieces which appeared as DNA
ladder on PAGE. These evidences were concurred with the Western blot analysis which showed the up-

regulation of Caspase-9, Bcl2 and Bax.

Therefore, mintweed extracts particularly MLEs contained antioxidants with property of lipid
peroxidation inhibition in fatty acid oxidation. This property was good for preventing the damage of fat, the
principal component of biological membrane. MLEs processed cytotoxic property causing death to human
T lymphocyte leukemia cell line, but not to normal mononuclear white blood cells. Moreover, MLEs were
able to induce apoptotic death to the cell line, but the normal cells. Thus, mintweed could be more studied
to obtain elaborate scientific data so that it could be developed as cancer prevention agent or cancer drug in

the future.
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Lipid peroxidation inhibition by mintweed (H. sauveolens) leaf and seed
extracts and catechin on phosphatidylcholine liposomes by TBARS assay.
Data were mean + SD., (n = 3).

Cytotoxic effects of mintweed leaf and seed extracts on Jurkat cells (human T
lymphocyte leukemia cells) determined by Alarma blue (AB) assay at 24 h.
Percent viability of treated cells and IC50 (ug/mL) at 24 h were present. Data
were mean = S.D., (n=3).

Cytotoxic effects of mintweed (H. sauveolens) leaf and seed extracts on
peripheral blood mononuclear cells (PBMCs) determined by Alarma blue
assay at 24 h. Percent viability of treated cells and IC50 (ug/mL) at 24 h were

present. Data were mean = S.D., (n= 3).
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Hyptis suaveolens (L.) Poit. A, plant tree. B, seeds

Radical chain reaction, forming a more stable radical species which can be
metabolized and excreted.

Mechanism of lipid peroxidation

Normal lymphocyte separation by Histopaque-1077

Thiobarbituric acid reaction N1 MDA HaHANIN lipid peroxidation
Resazurin and resorufin structures. Nonreduced Alamar blue correspond to
resazurin and reduced Alamar blue to resorufin

Figure 3.6 Comparison between the cytotoxicity (IC50, 24 h) of mintweed
extracts on Jurkat cells (human T lymphocytes leukemia cells) and PBMCs
(peripheral blood mononuclear cells) at 24 h (n = 3). MLE/e, mintweed leaf
ethanolic extract; MLE/w, mintweed leaf water extract; MSE/e, mintweed
seed ethanolic extract; MSE/w, mintweed seed water extract; CA, catechin.

(** =p < 0.01, *** = p < 0.001).
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[ o . Y . .
@ Hoechst dye LA TIUNAVTIUIU apoptotic cells 7Y fluorescent inverted microscope
< P o @
3) fny1 DNA fragmentation: INUIFAEN 3-6 $2 114 lyse cells @nALAZANALABY DNA

LA21en DNA fragment (ladder) Tu 2% agarose gel electrophoresis
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4)  UNTIEN Apoptotic protein factors: INUVLFAAN 6-12-24 219 lyse (¥aa SMETRL
Ts@u nenlusauaae SDS-polyacrylamide gel electrophoresis Lai& detect A28 Western

blotting I11& antibody Ao apoptotic proteins (U cspace-9, Bel-2, L1a¥ Bax
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2.1 ATW1

[ 4 a [}
TN R IGEREA L RE secondary metabolites A1 UA L¥UW phenolics, flavonoids, terpenoids
1ae alkaloids (Birt, Hendrich, and Wang, 2001; Reddy, Odhav, and Bhoola, 2003) ieiloaniy
[ 4
A719991N 715U )N38100NF1U (reactive oxygen species — ROS) FI0191NAIMIFD 15A 59T 1Ay
Y Ay 1 < Yy 9 < a A
ﬁﬂ?WLL?ﬂﬁ’ﬂil“VIubJLﬁiﬂgﬁll IFUAIULIU ANTUUARAULAY ANVLANLASUANY DU (Grassmann,
. . 1 % 1 d A I a o w
Hippeli, and Elstner, 2002) wua1iwin waldnuysdus Tnailue1misludiadsedriunas
A L o w ] a 1
mgu"lwwaw%uﬂﬁmiaaﬂqwmﬂu antioxidant M3a ROS 131117A52#314 normal cell metabolism
< v o .. . . . J .
Wunedeanunisriiane lipids, proteins, nucleic acids tta g tssaa (Heinonen, Meyer, and
4
Frankel,1998; Ames, Shigenaga, and Hagen, 1993) tag ADAIUMIINAILBION (antitumor) mld
I "y A < o LY a e 3 .. .
waamwmﬂ"lammmsmﬂ (apoptosis) uJufmsNﬂauﬂmﬂmumaﬂuazmm anti-inflammattion
uag 1asugiAuny waldlszan berry 15U strawberry HAAE15 antioxidants U5 1ige (273 mg
oo B A a 4 3 @
gallic acid equivalents/100 g fruit) tagWgnF dUdINTNulSuIasaauzTIduVe9IAY (HepG,)
1 1 o W % I
(Meyers, Watkins, Pritts, and Liu, 2003) muaguﬁmiﬁmﬂﬁa resveratrol a3y polyphenolic
a v o L 3 s I
compound FITUHIN aunsosnih 1 glioma cells U251 vosnuFuiluraauz5 Ve glia cells AYDE
by, . . dyw A A 9 = a 3’,
Won INTa (apotosis) (Jiang, et al., 2005) UonNUEINNS IUVATOUDH AW HAT NN U 52IMA
A £ v o o a
In 8ﬂﬁﬂﬂﬁ antioxidation, anti-cell proliferation, antitumor {aE¥NUI apoptosis Tusadviateyiauos
1 2 <
HYuasuodnu 1¥U VU (curcumin) (Choudhuri, et al. 2002; Sa and Das, 2008) U4 (Latha and
Panikkar, 1998) i8¢ Acanthus (christmas holly (Babu, Shylesh, and Padikkala, 2002)
@ . . I v A
HUIANAT (mintweed, desert lavender, chan) (Hyptis suaveolens) Wudsnylulszmeaua
Founa 'l wu Tu'lne nuwnlusmInerdemaluTadgsuisuazna lllunanz Jusenieuniio
v A I 4
pazludszmalunddsusn fuivermisUsaanaseunaludsemalue@old Usznalu
mioTm
Y

[ I A I Y1 dy a 4 . aA A .
unaananilunsdugnuaziiuliwinde Tuaszgaiiun (Lamiaceae) Indu (aromatic)

Q

Y

Y Y= o A = ] 9 o a
133 mqﬂﬂm 3 1UAT AAUTLAYY LIaZUUY Gl,ﬂgﬂllﬂ]@ﬂﬂ@]iﬁﬁlﬂllﬂu GL”LIEJYJ 2.5-10 FUALNAT 31U



o 3 ' = a Y A A o Y A A A d
iﬂgﬂﬂ'ﬂfﬂ ﬂ@ﬂlﬂuﬂ@u ﬂﬁﬂﬁ’luﬂ@ﬂuﬁuﬂa’lﬂﬂ]u 5% NAUABDNAUINUUY llﬂaﬂcluﬂflﬂﬁln\i 2 0l

(Figure 2.1)

Figure 2.1 Hyptis suaveolens (L.) Poit. A, plant tree. B, seeds.
Source of Figure 2.1, A: Author;

Figure 2.1, B: http://plants.usda.gov/core/profile?symbol=HY SU3#

9
[ [ ] v A [] I
1151919815 ¥191N15110 100819V UAILAY (conventional therapy) 15U 11T ua13nTzqu
1 b4
Uszam (stimulant) YUY (carminative) VU0 (sudorific) 48 YUUIUY (lactagoue) 1¥2aan01013
.. 9 [ < X ¥ ¥ Y 9y X
19 (catarrhal condition) 15 1UFny NS naziiesen WiAuIN luuneINITndwlonIZaN
. . Y Y o . o I Y
(antispasmodic) Haglne1n15 lutooniay (antirheumatic) 81015U3ANTLINTY (stomachach) 1A 19

< Y . Yy L. ¥ o v o 1
waalFunnsevng (allay thirst) HANBIKN (constipation) uwmumaﬂmmumiﬁamaauium‘;

(http://www.mpbd.info/plants/hyptis-suaveolens.php) 3 dsalunadnansadudinsniyveslsn
%1ﬂl§®tlﬂﬂﬁﬁiﬂﬂl 991/a1Ha/NuUNY (Malar, Sushna, Johnson, Janakiraman, and Ethal, 2012) @15aA@
1uLmqﬁ'ﬂﬂMﬁﬂﬂQﬂ%ﬁ’Wﬁ’@d%N (Shaikat, Hossain, and Azam, 20012) 891015023 Tunyund
(Grassi, et. al., 2006) uazcﬁaaaﬁamwummmaiﬂﬂﬁﬂﬁ’(éauﬁaﬂﬂmmmaﬁ'aﬁu (Shenoy, Patil, and

Kumar, 2009)


http://www.itis.gov/servlet/SingleRpt/RefRpt?search_type=author&search_id=author_id&search_id_value=47550
http://plants.usda.gov/core/profile?symbol=HYSU3
http://www.mpbd.info/plants/hyptis-suaveolens.php
http://plants.usda.gov/java/largeImage?imageID=hysu3_001_ahp.tif

2.2 9YNINITIUVDINNIANAT (Taxonomy of mintweed)
%mﬁnﬂ; chan, Chinese mint, horehound, hyptis, mint weed, mintweed, pignut, wild
spikenard

[

v <3| o g}/ a g
uusananilunsaonluana Punicaceae HAIAUIUOYNTUITIUALL

Taxonomic Hierarchy Y93 Hyptis suaveolens (L.) Poit.

Kingdom Plantae -- Planta, plantes, plants, Vegetal
Subkingdom Tracheobionta -- vascular plants
Division Magnoliophyta -- angiospermes, angiosperms, flowering plants,

phanérogames, plantes a fleurs, plantes a fruits

Class Magnoliopsida -- dicots, dicotylédones, dicotyledons
Subclass Asteridae
Order Lamiales
Family Lamiaceae -- menthes, mints

Genus Hyptis Jacq. -- bushmint, hyptis
Species Hyptis suaveolens (L.) Poit. -- pignut, wild spikenard, mintweed
Source:

http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=32534

d v
2.3 gNEAIHPNTIATY (Antioxidant activity)
Ly a & o A A ~ A R Ao o2 A
ONIATUDDNYIATUUDILUIANAT:  WENHLIAY  ADFITIANIINNY  BINTFAIUATISHUIUIND
o A Y A v aw = = a P a ]
ﬂmﬂuwmmuamuﬂﬂﬂ “L!ﬂ')i]ﬂﬂ?@'ﬁ?ﬂﬁ'l‘iWi]ﬂHlﬂllﬂiZiJ?m 40,000 ¥UA m‘imuaaﬂ%m%mﬂu
{ a a ~Aq Y @ a . 2 A
M5Mna Taesssuma lunanldlosnunsaineyyadase (free radicals) Fuiluozaounio Tuanad
1 ~ A (aaa o 4 a a a
Ulillﬁﬂﬂiﬂﬂi‘]ﬂiﬂ']gﬁ FUNIUNTTNINIUUDILB AR ﬂuyﬁ@ﬁi$ﬁﬂ1ﬂﬂ1ﬂﬂ1ﬂﬂa1ﬁlﬂ I ITUDINT
(additives) A13MIAAATNY (pesticides) A1TMIAUVAL (insecticides) ATUYHT 104 DYYADATZINAY
1 4 g‘/ = o 1t a <3 Y = ao Y 1
ﬁ’JUﬂizﬂ@UGU’ENLG]fﬁﬁ 334NN DNA/RNA G]f\iuﬁjﬂ1imﬂil$ﬁﬁllﬂ “ﬁ\?ﬁﬁ']ﬁl\i']lnﬂﬂllﬁﬂ\?slﬂlﬂu')'] [LHF]
[ .. g’/ @ o ¢ . wa o . .
ANANNY Hiptis spp FIUVNNLNANATNUT Hyptis suaveolens ﬁﬂmﬁwmﬂumi antioxidants
(Nantitanon, Chowwanapoonpohn, and Okonogi, 2007; Gavani and Paarakh, 2008; Ghaffari, Ghassam,

and Prakash, 2012; Ghaffari, Ghassam, Nayaka, Kini, and Prakash, 2014; Priyadharshini, and Sujatha,


http://keyserver.lucidcentral.org/weeds/data/080c0106-040c-4508-8300-0b0a06060e01/media/Html/glossary.htm#weed
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=202422
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=564824
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=18061
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=18063
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=29909
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=31632
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=32251
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=32522

2013) tlesnluasanaunsanmia1sUseney alkaloids, flavonoids, phenols, terpenes L1ag steros
(Agarwal and Varma, 2013; Sharma, Roy, Anurag, Gupta, and Vipin, 2013; Okoye and Chukwu, 2014)

UBNIINHEINUI resveratrol 3MNOJULAZAYDU] 191 07 UAMANIA antioxidation tazFIetosny

mﬁm@ugﬂwmﬂ (prostate cancer) (Pezzuto, 2008, Seeni, et al., 2008)

d

2.4 qn%éimmiﬁama%amgg%wmumé’nm (Tumour/cancer prevention)
Ly ' < < o 3 3 s 1 o A o Ay o
NIATUNITNOUSLIV/USLIIIVDILUNANAL: 3J$L§QL‘]J‘L!L“B&ﬁVILLUQ@?LWN%WN”JH‘W“N@TW&W?Q
Y 3 =X o dy 9 a o YR 1aAa 9 [ A a

ﬂ'J‘]Jﬁ]llvlﬂ mmmmmmuauazmmzﬂﬂﬁ%umwﬂwmuﬂm’m% A1IIENAINNEHAIFUA

= Ly a @ Y A Ly a s 3 v ' o Y
UENIINUHNTATUDDNHBLATULAINGNTATUNITLITYUDIFAANSLIINIY (B ﬁ'lﬁ’ﬁﬂﬂﬁ]'lﬂsllmuaﬁ'l
V9 Plumeria acuminate (Periyasamy, Gupta, Mazumder, Gebrelibanos, and Sintayehu, 2013) luaen
(Arindam Bhattacharyya, Tathagata Choudhuri, Suman Pal, Sreya Chattopadhyay, Goutam K.Datta,
Gaurisankar Sa and Tanya Das, 2003) Sl‘l.l‘V!Wlﬂ Zizyphus (Hassan, A.I. and Abdel-Gawad, E.I., 2010)

4
1ag Lactuca serriola (prickly lettuce) (Mona Alshathly, and Eman Elsharkawy, 2014) ﬁqmamum
& . . . 4 t a . o X g
11999n Ehrlich ascites carcinoma (EAC) Gluﬂwmﬁ wenanil liswedd (propolis) INTIKN
FWITDaAUUIAUDY EAC (Badr, Edrees, Abdallah, El-Deen, Neamat-Allah, et al., 2011)
v 1 o . o o I a1 J 3
msaﬂﬂmumé’fu (aerial part) YDIULNIANAT H. suaveolens ﬁﬁﬂﬂﬂ”lWLﬂuWHﬂ’t]L“]fameN
! [ 4
Tuxeaio (Ehrlich ascites carcinoma / spontaneous murine mammary adenocarcinoma) Mmiradane
[ 4 Y] [
ﬁ?ﬂ@ﬂﬁg’ﬂ DNA U2UsaaanN1n (Gurunagarajan and Pemaiah, 2011) 4ag arsanansly family
o ] a 1 4 ¥ 4 <3
Lamiaceae H3® genus Hyptis spp (MIoUNY 15U HWbaABIyadiiiodenuaziyaanzi5a @15 hyptoside
Lo ¥ a s 4
NN H. verticillata ﬁfmﬁﬂummmiﬂummmaammmmﬁamn adult T-cell leukemia (ALT)
(Hamada, Whire, Nakshima, Oiso, Fujita, Okamura, Iwagawa and Arima, 2012) saeiina! NFIUVDN @19
[ a 1 a o 3 v d

aNNIN H. dilatata ﬁWH@@ﬂTﬁ!ﬁ]ﬁﬂlusllﬂﬁl"])'ﬁaﬂ$Liﬁﬁﬁ?ﬂﬁ?ﬂwuﬁﬂlﬂﬂﬂu [MDA-MB-231 (human
breast cancer), PC-3, (human prostate cancer), MCF7 (human breast cancer), HT-29 (human colon
cancer)] UagUDINY V4T1 (mouse mammary cancer), and RAW-267 (mouse leukemic monocyte
macrophage cell line)] (Taylor, Arsenak, Abad, Fernandez, Milano et al., 2013) ua lun19a 3w a3
ANAVOY H pectinate N3zAUM5193 0 IMUV0IAVUNAVOINYUITNUAINTARADOONU WA (partial

hepatectomy) (Melo, Silva, Melo, Antoniolli, Roberta, et al., 2006)
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Lipid peroxidation inhibition and Cytotoxicity to cell line and normal cells

3.1 A1
. S o A 3 ' o o o ~ Y 13
Phenolic compounds Wudina I luisuazitluaiudngvesommsdmsuau tasuaiy
= = a o’%l o Y A Y A A I 1 @
ﬁ"liill!ﬁflﬁmﬂﬂ]i]‘L!’LNﬁTiTWﬁm@iu'quﬂTﬂJmflﬁ’q@ wallu WY WD uazmimﬂmﬂmmawaﬂ
v Y
V94 phenolic compounds @11 5UAY phenolic compounds ﬁﬂmﬁ U1# antioxidant activity FIUUNY
Tasearevesans Taamme SuIULazd K 1HaYed hydroxyl groups LAZFITUFIAVDY aromatic
' (% @ 3 @ : § a 4
rings WuNluasanaluuneanaazuaaUuIanANeas phenolic compounds FatioIATILY
wa o
@28 DPPH scavenging activity 10 Ferric reducing ability power (FRAP) uamﬂmawmﬂu
antioxidant (NTNY dUNIINYY, 2558)
ﬂmﬁuﬂ‘ﬁ anti-oxidation U®4 phenolic compounds 1Y ﬁﬁﬂa%aﬁaiz (free radical
{ a L a 1 4
scavengers) NtNAN18 1UIaa N ¥ I 15U hydroxide radicals 11a% reactive oxygen species (ROS) 919
NNNTEVIUMIMIETD 15U superoxide (O,) Hag peroxide (0,7) ROS MANUITIN 1800 DNA
o 4 s 4 1 s
TsAu way luduveusorsad (cell membrane) Haz@oRudIulIznoUVOIFAAYIZIAN
=KX A o 1 1 | P I I J . .
organelles ROS WUUNVINTAYADNITLUN (aging) s Turaaniou Lo superoxide dismutase
{ ’ . N 3 nmoa g 3 X
1ae catalase 1agu superoxide 401 per0x1deslﬁjlﬂu oxygen AU ua laisiou Tasaidnu hydroxide

Y
Y a @ 4 [ .
radical A9 UMTIAN free radical scavengers 1@ M50 0INUFAG 1N ROS 1089111 free radicals

Y 9
L0YT ué’agﬂﬁﬁmm (Figure 3.1) (Soderberg, 2015) (8¢ Phenolic compounds 8131308V lipid

peroxidation
radical more stable
;venger radical
X- +Y X + oY\
harmful non-radical \ :
feafadical metabolized, excreted

Figure 3.1 Radical chain reaction, forming a more stable radical species which can be metabolized

and excreted. (Soderberg, 2015)
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Lipid peroxidation

lipid peroxidation 13111 oxidative degradation (1f® electrons) sum"lmﬁ'u«?uﬂuﬁ 15152neu
WENUBUTOFINMN (biological membrane) NI¥VIUMS lipid peroxidation 1Aa laioelus1an1e Tag
s55uaa TuSana Tinn Fadrmmmudniwaved reactive oxygen species (ROS) 19514 hydroxyl
radical, hydrogen peroxide ﬁJuﬁ’uw‘%mﬁﬂmﬂﬂﬁﬁ‘%wmwaﬁ phagocytes  NITUIUNIT lipid
peroxidation Lﬁmﬁﬂ oxidants 1% free radicles 138 ROS Lﬂaliiﬁiﬂf]ﬁ.%mﬁ}u carbon-carbon double
bond lagtanz polyunsaturated fatty acids (PUFAs) ¥®4 fatty membrane (Mylonas and Kouretas,
1999) tag plasma lipids (Yoshida, Ito, Shimakawa, and Niki, 2003) LLﬁZL‘]dJu‘lJf]ﬁMﬁEJ”IQﬂIGI} (self-

propagating chain reaction) (Figure 3.2)

R H,0 R
4 + "OH —L» 4 Lipid radical
H — -
Initiation
Unsaturated lipid 0,

Propagation

R R
4 74 + 4
OOH H o*

Lipid peroxide Lipid peroxyl radical

Figure 3.2 Mechanism of lipid peroxidation

(https://commons.wikimedia.org/wiki/File:Lipid peroxidation.svg)

o -~ a da . . 9 { = L e &

M558 membrane lipid uag HanaANNAIN lipid peroxidation il cytotoxicity g

. o Y 4 &‘ A & . Y =

gene expression mivdiraauaziloony (Ayala, Mufioz, and Argiielles, 2014) i luwaad

4 ] ] (' 1 o H

1ou'lar3] catalase, superoxide dismutase uazans 11 1aou Tosiaa'ldun vitamins A az E vmvii
I~ [ a 1Y L o a .. . . 1

Wuna'lnaedu oxidants TAe5ITHMA IATEALHHY F9v11¥IAA lipid peroxidationld  iad7e
aan 1 1 a 1 < o

URnsengn Tgveanszuaums udnvzine lipid peroxidation tieslunTuananaunsnsiiate

&’ A Y 1 A v o I 1 . .
m@mallﬂamwuﬂﬁmtg uazzﬂummmaﬂswmﬂiﬂ 1 U atherosclerosis, asthma, Parkinson's

disease, kidney (Mylonas and Kouretas, 1999), arthritis (Saxena, 2014), cerebral ischemia (Fuchs,


https://www.ncbi.nlm.nih.gov/pubmed/?term=Mylonas%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10459507
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mylonas%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10459507
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Perez-Pinzon, and Dave, 2014), Alzheimer's disease (Petursdottir, et al., 2007) LA aging

(Rinnerthaler, et al., 2015)

Cytotoxicity
I a [ 4 A o A

MINTIMANUYUNBVOITANAADIFAT in vitro LWEJ'?]"ILL‘Hﬂ‘Vi']IﬁJLanLﬁzﬂallﬂ‘l/l
d' 9 o A Y an ' 1o 4 Aana
INYIUD fﬂiﬁ3’]%‘Vi'l?ﬂiﬂﬁﬂﬂnuuﬂﬁllﬂﬁa%’l’]‘ﬁ IFH HINANDITUIULEAA NITUTINTDAUDN

4 LY Jd a @ @
1gaa N1ILUIAIVDILE A ﬁ?l&tﬂﬂl&ﬂﬂﬁ@]i')‘ﬂ’)ﬂ@?ﬂﬂl%} 113597 ATP, MTT, neutral red membrane
. . . . . < .
integrity/LDH release, macromolecular synthesis {1& glutathione depletion Fludu (Hamid et al.,
a o ¢ v d 1 1
2004) Tums Qfﬂﬂ‘ﬁcl‘f)’j Alamar blue #413)1 oxidation-reduction indicator NUAsUF fluorescence 910
Y a I a 211 9 Aaa A 9 . .
W uiag mmﬂu%mnmmmm NITMNABUTIY LLagNITYNTNUD choriocarcinoma cells
Y
W1 fibronectin-coated filters (Al-Nassirry, et al., 2007) vazlumsnaaaiily Peripheral blood
% 3 73 a

mononuclear cells (PBMCs) Fauiluaadamenv1IUna tag Human T lymphocyte leukemia cells

=2 g s g s A < 7Y
(Jurkat cells) G]NnJumma3Jzmwaammaammﬂuwaa@uu‘uu

(Y} J
3.2 Jagiszaan
Y
Aa o 4 A [ [
msavetlseasn (1) ﬁﬂ‘]ﬁﬂmﬁuﬂ@ antioxidant TUENTANAUNIANA Hyptis sauveolens
[ o gJ/ % 3| Y] a
ABMSEVEY lipid peroxidation HUTu oxidative degradation ved'lviiu tag (2) ANV INBURIATT

Y 1 a @ ]
ane H. sauveolens Aoivagnduazivadaonuiugis

d
3.3 gunsaazisms
I3 Y} | A = (Y}
3.3.1 MSINUAIENINTFIaTMSIAIENaITANA
< [ = & v A ] dy ~ a (% =\ = dy ~
inusssanadaiuiyianun I luiuiaelusminerdema Tu Tadgsuisuagiun
UABIUTNUTDUNHING DY MstuunriaveuaanmaueynsuaIsu lae lasuam
4 J [ Y] a a a J a
PYINIITHIIN MAN319138 A3, Uszuen Tuns Jasis MAIFFIING AU INMAAT NN
1 < [ 1 A 9 [ 9 g Yy 9
vouuny NulumanaszrnufeugaIny a1 lumanmasdzeIanasAININRIY
[ < [ < 1 A ~ o I~ ] I ao’ gz Qy
HANUAA FIUINAALNANANN UL INUADUNNTIAY WTauanaman lasusuaaluiinazein aang

o v A

udlenvouudauaniiy Sesaiionins mawdailnenndlenliuialueinie uenualy
nazsdauuadnafininudauda luToua 1Wih (electric blender)

anarsuavesluiaziand Jﬂlﬂéﬂﬂﬁﬁﬂ Soxhlet extraction apparatus (Buchi Instruments,
Switzerland) 1991 50 n51111H 30 70% ethanol (vAv) 500 ml 1M 24 2134 NTRsAITARA

I 9
pagih lmdudulunsesszive rotary evaporator (Buchi Instruments, Switzerland) 9101 U i
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ﬁﬁﬁﬁmgﬁ’uﬂuwﬂm lyophilization 1 -50°C (Freeze-zone 12 Plus, Labconco Corporation,

< o { o 1
Missouri, USA) INUMIERNA lyophilized extract 1 —20°C aun119z 19naans

3.32 Msmseu peripheral blood mononuclear cells (PBMCs)
donvesnugunnas1dveunnzinnamnmalng mnsiiaunsasdn i
oAl phosphate buffered saline (PBS), pH 7.4 g (1:1) ¥ig#Aa3UU Histopaque-1077 (Sigma-
Aldrich, St. Louis, MO, USA) “?‘ngﬂu density gradient ﬂum'ﬁlm‘ﬁ 400xg ﬁqmwgﬁﬁm UIU 30
Wi wensufiveusadiaden ) PBMCs Useina 0.5 om 32MIN 3 plasma 1@
Histipaque-1077 (Figure 3.3) 19 PBMCs 3 A5a810 PBS 1fiuisad Iaeiiufi 250xg 10 w1 :1miu
LWW%L%ENL%QZ{ Tu complete RPMI 1640 medium (Gibco, New York, USA) ﬁ?dﬁulﬁﬂiﬁ}monocytes

Aa A g Yy A A U a I
1ae platelets \NTAARIVIAGRLG LLAUND lymphocytes NaveuuIuie 19 1un1s a1z iae 11/

Centrifuge

Blood Pay — Plasma
ood—
. 400 x g iy | I'éﬂeolllonuclear
> A

30 Minutes

/

SEp oA

HISTOPAQUE®-1077

Figure 3.3 Normal lymphocyte separation by Histopaque-1077 (Hofman et al., 1982).

3.3.3 Cell culture §1%31 Jurkat cells
Human T lymphocyte leukemia cells, Jurkat E6-1 (Korean Cell Line Bank, Seoul, Korea).
LWW&L%ENGI,U RPMI 1640 medium ﬁfl 10% fetal bovine serum (FBS), 1 mM sodium pyruvate, 100
IU/mL penicillin and 100 [Lg/mL streptomycin (& wsng’?aymwa 4910 Sigma-Aldrich, St. Louis, MO,

Y v v
USA) ‘]JZJI‘L!@?])LW”I&EIENL%aﬁVI 95% humidified atmosphere Lag 5% CO, 11 at 37°C

3.3.4 Lipid peroxidation (LPO)
AN wﬁ‘w 11/5319 oxidative stress fe N Thiobarbituric acid reactive substances (TBARS)

assay 1AOAIIVIA  peroxidation HIWAR free radical MiIATeL T ldwanaa

a

9 [
malondiadehyde (MDA) 8% MDA ‘Ll‘Vh”lJ;]ﬂi 810U Thiobarbituric acid (TBA) NQUWHU 90-100°C

G
]

I ~ L o = =1
1§ MDA-TBA adduct iHluasa (chromogen) Feiannudua lame spectrophotometer N1 530-540
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v 9 { . . o .
nm 1393ARY spectrofluorometer 1 excitation wavelength 530 nm [i8& emission wavelength 550

nm (Figure 3.4) (Oakes and Van Der Kraak, 2003)

SH
M Q T '\I Y + 2H,0
CH—CH=CH.

MDA BA MDA-TBA \dduu

Figure 3.4 Thiobarbituric acid reaction A1 MDA WHaNaAN lipid peroxidation (Gerard-Monnier,

1997).

E4
Av A

Tum3 390118 AT129 TBARS assay Tno1Hinan (Fe’) $111 peroxidation tag 1494 luaiu
phosphatidylcholine liposome Aueng gﬂﬁu ANHUAINITNTUDI Gonzalez-Paramas et al. (2004)
wavdfunlaswanites 1asatannutudiuaig 1a1u reaction mixture 711 mM KCI, 0.2 mM
FeCl,, ttag 1 mg/mL of phosphatidylcholine liposome (final concentration, Sigma-Aldrich, St. Louis,
MO, USA) E'illﬂjjﬁ“%m peroxidation Tae 1a@ 0.05 mM sodium L-ascorbate 114 0.4 mL (final
concentration & final volume) umﬁ 37°C 60 mﬁ ﬁfgﬂﬂﬁﬁ%ﬂﬂﬂmau 0.4 mL 20% trichloroacetic
acid (TCA), 0.01% butylated hydroxytoluene (BHT), 0.25 N HCI taig 0.4 mL 0.8% thiobarbituric
acid (TBA) U3 80°C 111 30 17 lamsazaredyun WlEudeh uazdumiesdt 5000 rpm
WU 10 WIT Sawanaadi 535 nm 19/ Fe 1Az L-ascorbate induced liposome 1314 control 1A% un-
induced liposome 13114 blank waz 14 catechin 11U antioxidant standard ﬁmammﬁu&% LPO w®N
@1390A91N malondialdehyde (MDA) fiRaIuMNaYMIThaa msnaaewh triplicate 11y

9 9 5
AUUUNTH 3 ATI ATUIUNIAT inhibitory concentration 50 ( ICs,)

% LPO inhibition = ( Acontrol - A Samp'eJ <100

A control

A uas A L‘]J‘Llﬂ?ﬂmlﬁﬁsll’t’)ﬂ control LA AIDYN

control sample

a 4 y
’Jlﬂi”lzﬁﬁlsllﬂyja@g]!’sﬂ ANOVA 11ag Duncan’s Multiple Range Test WM significant differences

FEUINNGUN p < 0.05
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3.3.5 Cytotoxicity test

luasazare Alamar blue (AB) 3 Resazurin ﬁJu active ingredient L% non-toxic ?ﬁ?\h “T'N
Lﬁ'ac?im%’umaﬁ%zgﬂ reduced 111 Resorufin @15a1AMALEOUEIGY (Figure 3.5) MIIATIEH
cytotoxicity #18 Alamar blue assay Glsff}mﬂﬁﬂﬁlmu Berntsen et al. (2010) tazys Ulﬂéﬂmgﬂﬁ}@ﬂ

PBMCs (1);105 cells/well) tiag Jurkat cells (2.5)(104 cells/well) Léﬂﬂu 96-well black clear
bottom plate (Costar, Corning Inc., NY, USA) ldasanainnudududie Tul5uas 100
uL/well 1y 24 %1 1a 10 uL AB (final 10% v/v AB) Lu@® 4 ¥N JAa13aza185eauaInie
spectrofluorometer (Spectra MAX Gemini EM, Molecular devices, California, USA) 17] excitation
wavelength ﬁ 540 nm LI¥ emission wavelength ﬁ 590 nm 14 Catechin 1182 Ascorbic acid (¥ 1uan3
positive control 4 19 0.2% (v/v) DMSO W negative control L181g well ﬁhlijﬁ cells 15/ blank 118y

a d o A ¥ [ ° . I & ¥
UNTITHN triplicate LAZAUUUNITE 3 AT ATUIU % cell viability Al

Fluorecene of sample — Fluorecenc of blank
Fluorecene of control — Fluorecene of blank

% Cell viability =

WATILH 50% cell viability (IC,,) AN % cell viability AUANMATNTUYDIATARA

A28 Probit analysis Cytotoxicity AAAUDIN mean cell vitality mﬂﬂﬁ1iﬁﬁﬂlla$ﬁ1iﬂ3UﬂM

Q_ Reducing emaronment
N.x_ T n viabie calls e ML T

Resazurin sodium salt Resorufin sodium salt

Figure 3.5 Resazurin and resorufin structures. Nonreduced Alamar blue correspond to resazurin

and reduced Alamar blue to resorufin (O’Brien et al., 2000).

3.3.6 Statistical analysis
a 4
AT wﬁslgljmgjaiﬂﬂ one-way ANOVA i8¢ Duncan’s multiple range tests #18 SPSS program
1 ] ' @ ' a [
ANUUANANIZHIN mean "UfNﬂ@nﬁﬁﬁﬂmm%ﬂ@hﬁﬁﬂ’)ﬂﬂhwmiﬂﬂlﬂu unpaired student t’

' I v o o aaa
test L!ﬁ%ﬂ')'llllmﬂ@nx‘llﬂuuﬂﬁ'lﬂmuﬂ'l\?ﬁﬂﬂﬁ p <0.05.



18

3.4 WanInAaeaas INIaINa
3.4.1 Lipid Peroxidation Inhibition

Antioxidant capacity YB4ATANALNIENAAATIZH A8 TBARS assay IagialTunaved
malondialdehyde (MDA) éqgﬂuwawammﬂﬁﬁ?m Fe (II)-induced peroxidation U3
phosphatidylcholin liposome (polyunsaturated fatty acids) MDA U1 thiobarbituric acid (TBA)
&5 MDA-TBA adduct #3annudud’ld wunhensataluuuadna (MLE) udawnauiia
fuda lipid peroxidation 1@AnI1 ensafAmAAUINdnM (MSE) wastiioulssansan lipid
peroxidation inhibition A3 Catechin «T}qﬁJuaﬁ antioxidant 41913g1U ﬂ%%ﬂlﬁ]ﬂﬁﬁﬁﬁﬂﬁﬁﬂ
PNEIUDR (-e) ETUE%ﬂ@ﬁﬂﬁﬁ‘ﬁﬁﬁ/ﬂﬁl’wﬁi (-/'w) uazﬁuﬁ’ummﬁu%’u (dose dependent)
U52@NTN W lipid peroxidation inhibition Roamudidn 188si MLE/e > MLEAw = Catechin >
MSE/e > MSE/w

asanaluuusdnamdeensiuea (MLE/e) 14194 lipid peroxidation inhibitionl’l@%}?}ﬁQ@I 1l
f IC,,, 24 V. ‘ﬁ 5.43 +£0.37 ug/mL (Table 3.1) iﬁNa\1ll1ﬁﬁlﬁﬁﬁﬁ/ﬂimumﬁﬂﬂ1ﬁl’wﬁ1 (MLE/w)
fA11C,, 17.45 £ 0.21 pg/mL Farlsz@nsamlndiResiuarsniuay Catechin Afie 1C,, 17.92 +
0.18 pg/mL AIETANALAALNIANALAAY lipid peroxidation inhibition lATesnaseanaly
MsanaaadIseNsIUea (MSE/e) 1A IC,, 35.95 + 1.78 pg/mL Fadudaldanhansaiawia

A2011 (MSE/w) U3zanal 20 1111 MSE/w §A1 IC,, 725.48 + 17.81 pg/mL

9
v v

Ay lugisanalunueanaiil antioxidants ‘ﬁﬁlﬂé‘lﬁ Fe (II)- induced lipid peroxidation &
ganhasatanda gnisusuanudidy dose dependent) nazdimuhausniataeandes
ﬁﬂﬂ?TNL%}Mﬂi}uﬁllﬁﬁuﬂ%@Q antioxidants 138 ferric reducing ability power (FRAP) Loy
U52ANTNNAD free radicals (DPPH®) scavenging ellE]Qﬁﬁf;’fﬁ/ﬂGl’U!,Luﬂﬁﬂﬂ1ﬁllﬁﬂﬁﬂﬂ§gﬂﬂjiﬁ1i
AnANAALNIANA (DTN DUNTINLYY, 2558) HONING HANIIATEN LT A0AARDITUHAYS
asafalunsdnmiianuisadusa Fe (I)-induced lipid peroxidation TuguesyuendaIdad (in
vitro) S uaueailuiiorto/e frz il polyunsaturated fatty acid g4110 taag1e3 Tuluuaan
aamsntloanulfizen peroxidation Tuauoald (Oboh, (2008) 1oy KAvVEIATANALINANAT

T%IIQG%}HET‘]JE%Q CCl,-induced lipid peroxidation 4 tissue homogenate ﬂl@ﬂﬁﬂﬁk&ui% (Pradeep, et al.,
2011; Ghaffari, Ghassam, and Prakash, 2012) s]”aﬁwﬁﬂgmdmwmﬁﬁﬂﬁ’%ﬂmsﬁfTﬂGl,mm H.
spicigera Wy 1UNRREINY H. suaveolens 1Tas lipid peroxidateion Tuavaaas (Aja, et al., 2015)

] [ ' 9 1
uenNi Gallasanaona1eNyNigneues Fe (ID-induced lipid peroxidation ©1MFU &13

Y
9

ANA 1Y VO Rumex vesicarius L. 813150804 lipid peroxidation 14 tiver homogenate voln
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Table 3.1 Lipid peroxidation inhibition by mintweed (H. sauveolens) leaf and seed extracts and
catechin on phosphatidylcholine liposomes by TBARS assay. Data were mean = SD., (n = 3).

Sample Conc.(ng/mL) % inhibition IC,, (ug/mL), 24 h.
MLE/e 2 5.95+5.51 5.43+037
4 27.02 +5.30
6 56.23 +9.17
8 87.08 + 1.26
MLE/w 5 10.84 +0.92 17.45 +£0.21°
10 22.90 + 0.65
15 4133 +0.17
20 59.63 + 1.08
MSE/e 10 9.59 £ 6.50 35.95+1.78"
20 27.79 + 4.13
40 51.98 +3.21
60 73.58 +1.82
MSE/w 200 10.54 £1.13 725.48 + 17.81°
400 28.97 £ 0.99
600 39.08 +0.99
800 57.07 +2.37
Catechin 10 7.76 +2.50 17.92+0.18"
15 25.12 +2.00
20 59.25 +0.84
25 97.48 +0.37

Different letters within the same column were significantly different (p < 0.05). MLE/e, mintweed
leaf ethanolic extract; MLE/w, mintweed leaf water extract; MSE/e, mintweed seed ethanolic
extract; MSE/w, mintweed seed water extract.

(Prasad and Ramakrishnan, 2011) AFANAT I HOAUYDY Hertia cheirifolia 81 g’ﬂ lipid
peroxidation @0 linoleic acid (Kada, et al., 2016) @135d AR NS (Mangifera indica) ET‘IJE%Q lipid
peroxidation Tu'l'ln wae homogenates YOIAUDILAZAY (Badmus, et al., 2011) arsanansvaly
$UAIN Amazon GT;Q‘I%)L?J‘L!EJ”IW&‘W»J‘]?I)”IH Brownea rosademonte, Piper glandulosissimum, Piper
krukolffii, Piper putumayoense, Solanum grandiflorum, and Vismia baccifera ET‘]JE%Q lipid peroxidation

14 microsomes mﬂﬁUWHLLEﬂ (Lizcano, et al, 2012) tag @15anaAvIN Metasequoia
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Y [

glyptostroboides 8183 Fe (I11)-induced lipid peroxidation & (Bajpai, et al., 2014) mﬂwaﬂgm‘ﬁ

[ Y I 1 [ [ = o @ A . =

na1n  udadlimun  asanausanmiaislsznoudianfoasdszney  phenolics 1
wa Lo & 1 o o w 4 J

AuauAues  antioxidant 1azlgNFIUGY oxidation @e luiuasdinglwboad (cell
a % o [ [ o [ a

membrane) ¥ Fuhasanauusana laommizanlidszgnaldlumsiesiumsina lsa

A o a a Y A~ ] 1
viesnueminalnaneg luuyudla nazaueuensii luiuiuaiwlseneu

3.4.2 Cytotoxicity Y9813 NAUNIANA
3.4.2.1 Cytotoxicity Mo T lymphocyte leukemia cell line - Jurkat cells
Jurkat cells (Had T lymphocyte Huiuounz WA interleukin 2 152 Tweridmsu
ANY1 human T lymphocyte leukemia cells wm'wmiﬁﬁ’ﬂiugzuaﬁ’ﬂﬂ1awmsas‘i’u§qﬂmaﬁtyﬁum
Jurkat cells @RI (A1811ANT) MsEPALAAINENAT Laz TagmInz aTanadlee N Lo
uaaannuiuisaniasatadioh uazqw%{s‘i’ug’mmﬁmmmﬁq 4 asafaruiuANY
I FUTUYBIET (dose dependent) U5z ANTa AN UNYV0IANTARAAD Jurkat cells 13 MLE/e
> MLE/w > MSE/e > MSE/w 1 IC,, 7l 24 . BoanuduRatl 553.52 £ 14.0; 912.06 = 16.86:
2,385.95 + 81.28; A2 5,813.45 + 111.25 pg/mL luumzi 1C,, ¥03 Catechin W11 339.74 + 14.55

ug/mL (Table 3.2)

Aa Aa I a T I [ H
Usz@nsamanuiunyae Jurkat cells tiar@ a3l inhibition concentration 50 (IC.,) N
50

9 1] 9
24 ¥U.UDIT1THNATN 4 GI’J’E'J?JNLﬁ'é)LIEiEJ“lJmEJ“lJﬂ’]JﬁWiﬂ’J“lJﬂiJiJW]iﬁWu Catechin ANU

Extract IC,, (ng/mL), 24 h. Cytotoxicity c/f Catechin (fold)
MLE/e 553.52 +14.07 <1.63

MLE/w 912.06 + 16.86 <2.68

MSE/e 2,385.95+81.28 <7.02

MSE/w 5,813.45+111.25 <17.11

Catechin 339.74 + 14.55
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Table 3.2 Cytotoxic effects of mintweed leaf and seed extracts on Jurkat cells (human T lymphocyte
leukemia cells) determined by Alarma blue (AB) assay at 24 h. Percent viability of treated cells and
IC,, (ug/mL) at 24 h were present. Data were mean + S.D., (n= 3).

Extract Conc. Jurkat
(ug/mL) % viability IC;, (ng/mL), 24 h.
MLE/e 200 92.45 +2.00
400 79.59 +3.25 553.52 + 14.07°
600 49.15 + 3.00
800 8.95 + 1.30
MLE/w 600 66.08 £2.10
800 53.99 + 7.40 912.06 £ 16.86°
1000 4935+ 7.70
1200 32.54 £2.43
MSE/e 1500 66.17 = 0.90
2000 55.19 + 1.80 2,385.95 + 81.28°
2500 47.55+0.72
3000 39.99 +3.70
MSE/w 2000 72.01 £0.31
4000 62.93 +0.60 5,813.45+111.25"
6000 48.42 +0.70
8000 35.52 +0.80
Catechin 200 65.48 £2.30
300 54.63 +1.50 339.74 + 14.55"
400 42.18 +3.25
500 33.46 +1.23

Statistical analysis was performed by ANOVA. Different letters within the same column were
significantly different (p < 0.05). MLE/e, mintweed leaf ethanolic extract; MLE/w, mintweed leaf
water extract; MSE/e, mintweed seed ethanolic extract; MSE/w, mintweed seed water extract.
Catechin was standard control.

@ J

v [ o I a ' X d J @
@Quuﬁ'ﬁﬂﬂ@ﬁlﬂllﬂNﬁﬂﬂ'lL!’GT@\?ﬁﬂEJﬂ'IWﬂ'NiJL‘]JuWHﬁ@ Jurkat cells G?Ql,ﬂuwaamawu‘g
Y
f

U

<3 1 o < a 1% g e
e ldaannnnasanaman uaziy1ndiReanuaIs antioxidant standard Catechin M99
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esninluasanaluuneanmiia1siseneu total phenolic compounds 1@g total flavonoids
[ % I [ 1 a a o

wnanluaisanawaauuesana @ssuna 3 m1) (5N% DUNIINLYY, 2558) LAz ADANRDIN
[ o { 1 o I

antioxidant activity 108 lipid peroxidation inhibition Y948158AA 1ULLENANGINNATAIANEN

unaanAUsEual 7 1M1 (Table 3.1)

3.4.2.2 Cytotoxicity to peripheral blood mononuclear cells (PBMCs)

miﬁf‘fmmﬁﬂmﬁ’qmﬂimaxmﬁmmmmwmﬂuﬁyf‘i'ug’amm?tmlm peripheral blood
mononuclear cells (PBMCs) G?'Mﬂuwaﬁgﬁmﬁaﬂﬂmﬂﬂmuﬁmmﬂﬁwﬁuqﬁ@i@ Jurkat cells 1161
3EAUATNTUITIVEN cytotoxicity A8 PBMCs 1oeniiae Jurkat cells usasanaludauh
MLE/w nansnnuiiufivsomad PBMCs mnnhansafamdadioh MSEA tazausunim
uduvesasaia  (dose dependent) uazfimiemnnnilenouiousuivvesdisuinsgn
Catechin (Table 3.3) ’c?’qmG;}"l@gﬁmﬁaﬁ’ﬂLmqﬁ’ﬂﬂﬁamammaaﬁ’ﬂmmzmﬁ@"lajs?’ug’m@iﬁ
uuaTdunszduns9Syved PBMCs

ﬂizﬁﬂ%mwmmu,ﬂuﬁwsTus%mmﬁtgmm PBMCs §1ii MLEAv > MLE/c > MSE/e >
MSE/w 118A1 inhibition concentration 50 (ICy) ﬁ 24 TU. ﬂlﬂﬂﬁﬁﬁﬁ/ﬂﬁll\? 4 ogafFeuneuny

Y
@15AUAN Catechin a31/'14A3T (Table 3.3) 11AZ cytotoxicity Y99 MLE/e 18z MLE/w lia13iu

GEANUNILAGET
Extract IC,,(ng/mL), 24 h Cytotoxicity c/f Catechin (fold)
MLE/e 1,356.17 £ 136.78 <2.10
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Table 3.3 Cytotoxic effects of mintweed (H. sauveolens) leaf and seed extracts on peripheral blood
mononuclear cells (PBMCs) determined by Alarma blue assay at 24 h. Percent viability of treated
cells and ICy, (ug/mL) at 24 h were present. Data were mean + S.D., (n= 3).

Extract Conc. PBMCs
(ug/mL) % viability IC,, (ug/mL), 24 h.
MLE/e 200 140.50 +9.50
400 125.36 £0.70 1,356.17 + 136.78"
600 115.92 +£2.50
800 89.93 +£0.43
MLE/w 600 93.09 +2.00
800 81.90 +3.30 1,140.52 + 6.05"
1000 61.18 £0.30
1200 4424 +1.34
MSE/e 1500 142.34 £ 4.80
2000 133.50 + 3.00 2,920.68 + 155.38"
2500 128.47 +3.40
3000 119.69 + 5.00
MSE/w 2000 107.23 £2.00
4000 86.34 +£0.50 11,366.26 + 266.28°
6000 79.72 £2.00
8000 71.31+0.80
Catechin 200 106.00 +2.50
300 99.23 £ 6.50 647.00 + 12.76"
400 82.35+0.60
500 67.91+0.80

Statistical analysis was performed by ANOVA. Different letters within the same column were
significantly different (p < 0.05). MLE/e, mintweed leaf ethanolic extract; MLE/w, mintweed leaf
water extract; MSE/e, mintweed seed ethanolic extract; MSE/w, mintweed seed water extract.
Catechin was standard control.
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Figure 3.6 Comparison between the cytotoxicity (ICy,, 24 h) of mintweed extracts on Jurkat cells
(human T lymphocytes leukemia cells) and PBMCs (peripheral blood mononuclear cells) at 24 h (n
= 3). MLE/e, mintweed leaf ethanolic extract; MLE/w, mintweed leaf water extract; MSE/e,
mintweed seed ethanolic extract; MSE/w, mintweed seed water extract; CA, catechin. (** =p < 0.01,
*** =1 <0.001).

Extract Cytotoxicity to Cells Fold
MLE/e Jurkat cells > PBMCs 2.45
MLE/w Jurkat cells > PBMCs 1.25
MSE/e Jurkat cells > PBMCs 1.22
MSE/w Jurkat cells > PBMCs 1.90
Catechin (standard) Jurkat cells > PBMCs 1.90
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ABSTRACT
Mintweed, Hyptis suaveolens L. Poit, leaf ethanolic and water extracts
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apoptotic cell death induction in human T-leukemia cell line, Jurkat

s

cells. The cytotoxicity was evaluated by Alamar blue assay and the
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_ apoptosis was detected for nuclear blebbing by Hoechst 33258
Dr. Korakod Indrapichate

TR IS O Sre oo, e staining, DNA fragmentation by SDS-PAGE and related apoptotic

University of Technology, protein expression by Western blot analysis. MLE/e and MLE/w

Nakhon Ratchasima, Thailand significantly reduced the viability of Jurkat cells in concentration
dependent manner with 1Csq values of 553.52 + 14.07 and 912.06 +

16.86 ng/ml, respectively. The cell nuclei and nucleosome breakages were detectable as
nuclear blebbing and ladders of DNA fragments. Concurrently, Western analysis
demonstrated that MLE/e and MLE/w up-regulated Caspase-9, Bcl-2 and Bax expressions. In
addition, MLE/e was likely to enhance the growth of normal peripheral blood mononuclear
cells, PBMCs, at lower concentrations with 1Cso value of 1,356.17 + 136.78 ug/ml. This
study is the first report on the cytotoxic and the apoptotic properties of the mintweed extracts
on T lymphocyte leukemia. This can be further studied and clinically developed for

immunomodulative agents and cancer preventive and therapeutic drugs.
Key words: Cell proliferation, Nuclear blebbing, DNA fragmentation, Apoptotic proteins.

INTRODUCTION
Cancer is a disease of worldwide importance as it is the leading cause of death. It is a
complex disease and closely related to the abnormality of the intracellular transduction of

signaling system [1]. Successful cancer treatments by anticancer drugs have been evident, but
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effective therapeutic agents act at molecular level for many cancer types are awaiting for
identification and development [2]. Naturally occurring chemopreventive agents can induce
apoptosis of cancer cells without side effects. Thus, actively novel phytochemicals are of
interest to search and apply for cancer prevention and cure [3]. Mintweed, Hyptis suaveolens
L. Poit, belongs to the family Lamiaceae and it is aromatic. It is native to tropical America
and now it is considered a worldwide weed [4]. In Thailand, this plant is locally named
“maeng lak kha”. It is a fast-growing perennial herb which is found in dense clumps along
roadsides, in over-grazed pastures and around stockyards. Almost all parts of mintweed are
used in traditional medicine for treatment of various symptoms such as gastrointestinal
disorders, respiratory tract infections, colds, pain, fever, cramps, and skin diseases [5]. Its
leaves have been utilized as a stimulant, carminative, sudorific, galactogogue, and as a cure
for parasitic cutaneous disease [6]. It was also reported to possess anti-HIV [7], antiparasitic
activity [8]. The plant also possessed antimicrobial [9], antifungal [10], antiplasmodial [4,
11], antinociceptive [12], antidiarrhoeal [13], anti-hyperglycemic [14], anti-inflammatory
[15], and anticancer activities [16]. Mintweed extracts comprised of alkaloids, glycoside,
saponin, tannins and flavonoids as major active constituents [13], sabinene, limonene,
biclyclogermacrene, p-phellandrene and 1,8-cineole [17], 1,8-cineole, (E)-caryophyllene,
spathulenol [18]. The extracts also exhibited insecticidal activity against rice weevils,
Stitophilus oryzae [19] and mosquitoes, Aedes aegypti [20].

However, there are no mechanisms of mintweed extracts acting on cytotoxicity and apoptosis
of cancer cell lines available. Thus, the present study aimed to investigate the actions of
mintweed leaf ethanolic and water extracts on viability and apoptotic induction in Jurkat

human cancer cell line.

MATERIALS AND METHODS

Chemicals

Alamar blue, Hoechst 33258 and SeeBlue® Plus2 prestained standard were purchased from
Invitrogen (California, USA). Histopaque-1077, ribonuclease A, bovine pancreas,
acrylamide, and bis-acylamide were purchased from Sigma-Aldrich Company Ltd. (St. Louis
MO, USA). Dimethylsulfoxide (DMSO) and formaldehyde were obtained from Amresco
(Ohio, USA). Phenol: chloroform: isoamyl (25:24:1) solution and Super Signal West Pico
chemilluminesence substrate were from Thermoscientific (Lillinos, USA). Proteinase K,
agarose, and Lambda DNA/Hind 11l marker were purchased from Promega (Wisconsin,
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USA). Ethidium bromide was purchased from Bio-Rad (California, USA). Bovine serum
albumin (BSA), fraction V and TEMED were from BDH Chemicals (Yorkshire, England).
Protease inhibitor cocktail was from Roche (Mannheim, Germany). All antibodies were
obtained from Santa-Cruz Biotechnology (California, USA). Nitrocellulose membranes were
obtained from Amersham Biosciences (Vienna, Austria). RPMI 1640, penicillin-
streptomycin, Hepes and fetal bovine serum (FBS) were obtained from Gibco (New York,
USA).

Plant extraction

Mintweed, H. suaveolens, leaves were collected on Suranaree University of Technology
campus, Nakhon Ratchasima, Thailand, in October 2008. The plant was kindly identified by
Professor Dr. Pranom Chantaranothai, Faculty of Science, Khon Kaen University, Thailand
and the voucher specimens were in the Forest Herbarium, Royal Forest Department,
Bangkok, Thailand. The leaves were washed, sun dried, ground into fine powder. Fifty grams
of the leaf powder were extracted in 500 mL of 70% ethanol or water in Soxhlet extraction
apparatus for 24 h. The extract was filtered, evaporated (Buchi Instruments, Switzerland) and
Iyophilized into powder (Freeze-zone 12 plus, Labconco Corporation, Missouri, USA) and
then stored at -20°C until used. The powder extract (MLE/e and MLE/w) was dissolved in
0.2% DMSO in RPMI 1640.

Cell culture

Human T lymphocyte leukemia cell line, Jurkat E6.1, was purchased from Cell Line Services
(Eppelheim, Germany). Whole blood from healthy donors was a kind gift from the Blood
Bank of the Thai Red Cross Society, Nakhon Ratchasima. Peripheral blood mononuclear
cells (PBMCs) were separated by density-gradient centrifugation in Histopaque-1077 at 400g
for 30 min at room temperature. The PBMCs in the opaque interface were transferred into a
15-ml conical centrifuge tube, washed in PBS, pH 7.4, and collected by centrifugation at
250g for 10 min. the Jurkat cells and the PBMCs were cultured in RPMI 1640 medium
containing 10% fetal bovine serum, 1 mM sodium pyruvate, 100 1U/ml penicillin and 100

pg/ml streptomycin under a humidified atmosphere of 95% air and 5% CO; at 37°C.

Cell growth and viability

Cell viability was determined by Alamar blue (AB) assay as described by Berntsen et al. [21]
with slight modification. Jurkat cells of 2.5x10* cells/well and PBMCs of 1x10° cells/well
were cultured in a 96-well plate, black clear bottom (Costar, Corning Incorporated, NY,
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USA) and treated with varying concentrations of mintweed leaf ethanolic and water extracts
(MLE/e and MLE/w) at 100 ul/well. After incubation for 24 h, 10 pl of AB was added and
incubated for 4 h. The fluorescence of the assayed solution was measured at excitation
wavelength at 540 nm and emission wavelength at 590 nm in spectrofluorometer (Spectra
MAX Gemini EM, Molecular Devices, California, USA). Vehicle control of 0.2% (v/v)
DMSO in culture medium was used as a negative control. Blank was set using wells without
cells and subtracted as background from each sample. The experiments were performed in

three replicates and the percentage of cell viability was calculated as following:

Fluoresence of sample — Fluoresence of blank

x 100
Fluoresence of control — Fluoresence of blank

% Cell viability =

The percentage of cell viability was plotted against various concentrations of the extracts.
The concentration of the extracts effectively inhibits 50% of cell viability (1Csp) was

determined.

Nuclear morphological observation

Cell nuclear morphological change was observed using the method of Chen et al. [22]. Jurkat
cells of 2.5x10* cells/well were cultured in a 96-wells plate and incubated with different
concentrations of MLE/e and MLE/w for 24 h. The cells were washed twice with PBS, pH
7.4, fixed with 4% formaldehyde for 20 min at room temperature and then washed with PBS.
The cells were stained with 10 pg/ml of Hoechst 33258 in PBS containing 0.1% triton x-100
and left in the dark at 37°C for 30 min. The cells were washed with PBS, observed and then
photographed immediately under the inverted fluorescence microscope (Olympus IX51 with
Digital Camera DP50 and View Finderlite Program, Olympus Corporation, Japan).

DNA fragmentation

DNA fragmentation was observed as described by Itoh et al. [23] with slight modification.
Jurkat cells, 1x10° cells/well, were cultured in a 6-well plate and treated with the extracts.
The cells were harvested by centrifugation at 700g and lysed with lysis buffer containing 10
mM Tris-HCI, pH 8, 0.1M NaCl, 1 mM EDTA, and 1% SDS. 100 pug/ml Proteinase K was
added and incubated at 56°C for 4 h. DNA was extracted twice with equal volume of phenol:
chloroform: isoamyl (25:24:1) solution. The upper layer was collected, to which 3M sodium
acetate was added at a 1:10 (v/v) ratio and then precipitated with 2.5 volume of absolute
ethanol and kept in -20°C, overnight. DNA pellet was collected by centrifugation at 14,000g,
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4°C for 30 min, washed twice with cold 70% ethanol and then dried. DNA was resuspended
in Tris-EDTA (TE) buffer containing 10 mM Tris-HCI, 1mM EDTA. DNA of 5 pg was
mixed with 100 pg/ml RNase A and incubated at 37°C for 30 min. Loading dye was added
to samples at the ratio of 1:5 (v/v). DNA fragments were separated on a 1.5% agarose gel
electrophoresis at constant voltage of 70 V for 90 min. The DNA gel was stained with

ethidium bromide and the DNA pattern was visualized under UV light, and photographed.

Western blot analysis

Jurkat cells, 4x10° cells, were treated with the extracts, incubated for 12 and 24 h. The cells
were harvested, washed twice with PBS and lysed with lysis buffer containing 50 mM Tris,
pH 8, 150 M NaCl, 5 mM EDTA, 0.5% NP-40, 0.5 mM PMSF, and protease inhibitor
cocktail for 30 min on ice. The cell lysate was collected by centrifugation at 16,000g, 4°C for
30 min. The lysate protein was quantified by Bradford assay [24]. The lysate protein (40 ug)
was separated on 12% SDS-PAGE gels at constant voltage of 120 V for 150 min and then
electrically transferred onto a nitrocellulose membrane at 400 mA, 4°C for 4 h. The blot was
blocked with BSA solution (BSA of 3% for Caspase-9 and 5% for Bcl-2, Bax and actin)
containing 0.1% Tween-20 in Tris-buffered saline (TBST) for 1 h at room temperature. The
blot was washed with TBST and incubated with the primary antibodies against anti-mouse
Bcl-2, Bax (1:1000) or Caspase-9 (1:500) in TBST containing BSA for 3 h at room
temperature. Then, the blot was washed thrice in TBST and incubated with the secondary
goat anti-mouse IgG-horseradish peroxidase-conjugated antibody (1:10000) in TBST-BSA
for 1 h at room temperature. The blot was washed thrice with TBST and twice with TBS,
incubated in chemilluminescent detection solution for 5 min and then autoradiographed on X-
ray films.

RESULTS

Cytotoxicity of mintweed leaf extracts on Jurkat cells and PBMCs

The cytotoxic effects of mintweed leaf ethanolic and water extracts (MLE/e & MLE/w) on
Jurkat cells and PBMCs proliferation were determined by Alamar blue assay for 24 h.
MLE/e treatment at 200 pg/ml and higher concentrations reduced the viability of Jurkat cells
in a dose dependent manner. On the contrary, 200 ug/ml MLE/e activated the proliferation of
PBMCs as compared to the growth of Jurkat cells and the control. The number of PBMCs
gradually declined as increasing the amount of MLE/e (Figure 1, A). At highest concentration

of MLE/e, 800 ug/ml, the reduction of Jurkat cells was approximately 11 fold of the control,
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but the proliferation of PBMCs was merely equal to the control. The ICs values of MLE/e at
24 h on Jurkat cells and PBMCs were 553.52 + 14.07 and 1,356.17 + 136.78 ug/ml,
respectively. The proliferative reduction of MLE/w on both cell types was required higher
concentration than MLE/e and exhibited as concentration dependence (Figure 1, B).
However, the cytotoxic reduction on Jurkat cells was slightly higher than that on PBMCs.
The ICsp values of MLE/w, 24 h, on Jurkat cells and PBMCs were 912.06 + 16.86 and
1,140.52 + 6.05 pg/ml respectively. Thus, both MLE/e and MLE/w inhibited the viability of
Jurkat cells, the human T-leukemia cells. MLE/e was likely to stimulate the growth of
PBMCs as opposed to MLE/w which significantly inhibited the growth of PBMCs (Figure 2,
A and B).

A
1604
? 1204
=
= 80+
=
& 404 E Jurkat
3 normal PEMCs
D -
200 400 600 800
Concentration of MLE /e (ug/mnl.)
1604 =
= 120+
<
= g0-
g
= 40
b E urkat
i C3 normal PEMCs
0 600 800 1000 1200

Concentration of MLE/w (pg/mL)

Figure 1. Cytotoxic effect of mintweed leaf extracts on human leukemia T cells (Jurkat
cells) and normal peripheral blood mononuclear cells (PBMCs) evaluated by Alamar
blue assay for 24 h. (A), the effects of MLE/e on Jurkat cells and PBMCs. (B), the
effects of MLE/w on Jurkat cells and PBMCs. Data were means of % cell viability + SD,
n=_3.

Apoptotic effect of mintweed leaf extracts on Jurkat cells

To obtain cell morphological changes as a result of apoptotic induction by mintweed leaf
extracts, Jurkat cells treated with MLE/e and MLE/w were stained with Hoechst 33258.
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Chromatin condensation and nuclear fragmentation caused nuclear blebbing were observed
(arrows in Figure 2, B-D and F-H). MLE/e effectively induced nuclear blebbing in Jurkat
cells at approximately twice lower concentration than MLE/w. The lowest effective
concentration of MLE/e was 400 ug/ml (Figure 2, B) and of MLE/w was 800 ug/ml (Figure
2, F).

Figure 2. Apoptotic effect of mintweed leaf extracts on Jurkat cells at 24 h. The
apoptotic cells were arrowed. A and E, control; B, MLE/e 400 pg/ml; C, MLE/e 600
pg/ml; D, MLE/e 800 pg/ml; F, MLE/w 800 pg/ml; G, MLE/w 1,000 pg/ml; H, MLE/w
1,200 pg/ml. The results were from three independent experiments (magnification
400x).

DNA fragmentation in Jurkat cells

DNA fragmentation of cells indicates the apoptotic cell death. Mintweed leaf extracts were
able to induce DNA fragmentation in Jurkat cells in dose- and time-dependent manner
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(Figure 3). MLE/e was required less amount but more intense in DNA fragmentation than
MLE/w (Figure 3, A and C). MLE/e at 400 ug/ml produced few DNA fragments or
nucleosomes at 24 h. The more extract the more DNA band intensity was appeared and DNA

smearing was observed at 800 pug/ml MLE/e treatment (Figure 3, A).

MLE/w, from 800 pg/ml to 1,200 pg/ml, showed similar DNA band profiles as produced by
MLE/e, but much less intensity (Figure 3, C). In addition, the nucleosomes were early
detected at 6 h of 600 ug/ml MLE/e treatment as compared to 1,000 ug/ml MLE/w
treatments (Figure 3, B and D).

MILE/e (ug/mlL)) MILE/e (600 ug/mlL)

M C 400 600 800 C 6 12 24

bp 23.13
9.416—_"
6,557———0
4,360—

322
2.027

MLEAw (ug/mL) MILE/w (1000 ug/mL)

c 800 1000 1200

Figure 3. DNA fragmentation in Jurkat cells induced by minweed leaf extracts with
varying concentrations and times. DNA fragments were separated on 1.5% agarose gel
electrophoresis and stained with ethidium bromide. Each band indicates a nucleosome
of a chromosome. A, MLE/e treatment at 400-800 ug/ml, 24 h; B, 600 ug/ml MLE/e
treatment at 6-24 h; C, MLE/w treatment at 800-1200 pg/ml, 24 h; and D, 1,000 pg/ml
MLE/w treatment at 6-24 h; M, marker; C, control. The results were from three
independent experiments.

Western blot analysis for Caspase-9, Bcl-2 and Bax

Cell apoptosis is mechanically regulated by a numbers of proteins including Caspase and Bcl-

2 protein families. Thus, to make certain that the mintweed leaf extracts induced apoptosis in
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human leukemia T cells, besides the reduction in cell viability and DNA breakage, the
expression of somes related apoptotic proteins, i.e., Caspase-9, Bcl-2 and Bax were observed.
MLE/e at 400 ug/ml induced Caspase-9 and Bax at 12 h and Bcl-2 at 24 h (Figure 4, A).
However, 600 pg/ml MLE/e at 24 h incubation markedly abolished the expression of
Caspase-9, Bcl-2 and Bax.

MLE/w was required two fold of MLE/e concentration to induce these proteins (Figure 4, B).
MLE/w did not affect the expression of Caspase-9 at 12 h, but intensely affected at 24 h
incubation. The expression of Bcl-2 was not affected by MLE/w treatment throughout the

incubation periods, Bax was notably induced at 12 h and dramatically increased at 24 h.

12 A (h) 12 i {h
400 600 - 400 600 (pg/ml) - 800 1000 - 800 1000 (ugml)

Caspase-9 {46 kDa)

E

Caspase-9 (46 kDa)

Bel-2 (26 kDa) Bel2 (26 kDa)

Bax (23 kDa) Bax (23 kDa)

[-actin (43kDa) [actin (43kDa)

Figure 4. Western blot analysis for the effect of mintweed leaf extracts on the expression
of Caspase-9, Bcl-2 and Bax in Jurkat cells. The cell lysate, 40 ng, was separated on
12% SDS-PAGE and immunobloted. A, MLE/e treatment at 400 and 600 ug/ml. B,
MLE/w treatment at 800 and 1000 pg/ml. Two independent experiments were
performed. B-actin was used as protein loading control.

DISCUSSION

Mintweed (Hyptis suaveolens) is widely used in folk medicine in Latin American and Asian
countries. Its leaf extracts were separated for the active compounds. Diterpenoid was
determined and tested for the activities of anti-inflammation [5], antiplasmodium [4], and
wound healing [25]. The aerial part ethanolic and hexane extracts [26] and the leaf hexane
extract [27] of this plant possessed gastroprotective activity.

Our study is the first report demonstrated that mintweed leaf ethanolic and water extracts
were able to inhibit the growth and induced the apoptotic death of human T-cell leukemia cell
line, Jurkat cells, evident by cell nuclear blebbing and DNA fragmentation. Western blot
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analysis showed that the extracts up-regulated Caspase-9, Bcl-2 and Bax expression. These
results concurrently agreed with and supported by previous evidences that Caspase-9, an
initiator for apoptoic execution and linked protein to mitochondrial death [28, 29, 30, 31];
Bcl-2, a regulator for the permeabilization of mitochondrial outer membrane [32, 33, 34]; and
Bax, an apoptotic regulator and a Bcl-2 antagonist inducing the release of cytochrome ¢ from
mitochondia [35, 36] synchronously induced apoptotic cell death.

Interestingly, our study demonstrated that mintweed leaf ethanolic extract (MLE/e) was likely
to activate the proliferation of normal peripheral blood mononuclear cells (PBMCs), which
could benefit to immunomodulation. This finding was corresponding to the stimulatory effect
of the arial part water extract of H. suaveolens on the proliferation of PBMCs and the
enhancement of NK cell activity [37]. Oppositely, our study demonstrated that MLE/e of this
plant was cytotoxic and induced DNA fragmentation in Jurkat cancer cell line, which was
supported by the growth inhibition of Ehrlich Ascites carcinoma cells [16]. Menthol and
linalool isolated from leaf ethyl acetate extract of H. suaveolens inhibited the growth of
human breast cancer cells (MCF-7) [38]. In addition, a novel compound (lignan-related
agent) obtained from the ether/water extract of the aerial part of H. verticillata was reported
that it was highly cytotoxic to Jurkat cells and adult T-cell leukemia cell line, S1T, and
induced expression of apoptotic proteins, Caspase-3, Caspase-9 and Bax [39]. The
methanolic extract of H. verticillata also inhibited the growth and induced the apoptosis of
S1T cells [40]. Therefore, it is suggested that mintweed Hyptis suaveolens extracts are
selectively beneficial to both abnormal cancer and normal human cells depeding on the

extract solvents which could pulled out different phytochemicals for different purposes.

CONCLUSION

The present study demonstrated that both mintweed (Hyptis suaveolens) leaf ethanolic and
water extracts possessed potent cytotoxic and apoptotic effects on T lymphocyte cancer cell
line, Jurkat cells. The cell viability was significantly decreased. The cytotoxic ICsy values of
MLE/e and MLE/w were 553.52 + 14.07 and 912.06 + 16.86 ug/ml, respectively. The
apoptotic characteristics were detectable as cell nuclear blebbing, DNA fragmentation and
up-regulation of Caspase-9, Bcl-2 and Bax proteins. The leaf ethanolic extract was likely to
enhance the growth of normal immunological cells. Thus, mintweed ought to be further
studied and searched for different active phytochemicals for immunomodulation and cancer
prevention and therapy.
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