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Abstract

Mintweed (Maenglak-kha / Kraproawphee) (Hyptis suaveolens) is a weed that grows widely
along road sides and farms. It is traditionally used to cure many symptoms. It is an interesting plant
to be studied at cellular level for further applications. The purposes of this research were to determine
secondary metabolites and biological properties at cellular and molecular levels in its extracts in
normal and cancer cell lines. The studies were performed as followings.

1) Analyzing secondary metabolites in leaf and seed extracts

2) Measuring total phenolic compounds and total flavonoid content in the extracts
3) Analyzing antioxidant activities of the extracts

4) Analyzing cytotoxicity of the extracts

5) Analyzing the proliferative effect on normal cells and cancer cell lines

6) Analyzing the cell cycle effect and its control factors

7) Analyzing the apoptotic induction on cancer cell lines

Secondary metabolites, antioxidant property and cytotoxicity of the mintweed extracts

Ethanol and water extracts of leaves and seeds of mintweed were separated and analyzed by
thin layer chromatography (TLC) and specific reagent testing. The leaf extracts, MLEs and the seed
extracts, MSEs possessed phenolics, terpenoids and essential oils, except in MSE/w. There is saponins
only in the seed extracts. All extracts have antioxidant property.

The mintweed leaf extracts contained more total phenolic compounds (TPC) and total
flavonoid (TF) content than those of the seed extracts. MLEs had TPC 319.45 £ 8.67 - 370.07 £ 7.10
mg GAE/g dried extract and TF 240.81 = 5.01 - 278.81 + 3.40 mg CAE/g dried extract. MSEs had
TPC 77.02 £ 2.05 - 135.92 + 2.17 mg GAE/g dried extract and TF 15.38 £ 0.21 - 86.28 + 0.67 mg
CAE/g dried extract.

Antioxidant activity of the mintweed extracts were analyzed by free radical scavenging
DPPD and ferric reduction ability power (FRAP). MLEs possessed DPPH activity, IC,, 9.26 + 0.08 -
10.89 + 0.70 ug/ml and FRAP 6.27 + 0.03 - 8.52 + 0.44 uM FeSO,/mg. MSEs contained DPPH
activity, 1C,, 32.85+ 0.05 - 147.17 + 1.67 ug/ml and FRAP 2.01 + 0.35 - 1.36 + 0.00 uM FeSO,/mg.

The antioxidant activities of the extracts were agreed with the amounts of TPC and TF.



All extracts did not express cytotoxicity on brine shrimp and normal cells as compared to
ascorbic acid standard with LC,, of was 13.77 ug/ml. The cytotoxicity, the LC,, of MLEs was 360.48

ug/ml; of MLE/w was 1,282.47 ug/ml; of MSE/e was 708.26 ug/ml; and of MSE/w was 470.60 ug/ml.

Effect of mintweed extracts on cell proliferation, cell cycle and apoptosis

Cell proliferation was analyzed by AlamarBlue (AB) assay. It appeared that MLE/e enhanced
the proliferation of normal white blood cells, peripheral blood mononuclear cells (PBMCs), with ICy,
at 24 h of 1,356.17 = 136.78 ug/ml. On the contrary, mintweed extracts against the proliferation of
Jurkat human T leukemia cells by which the MLEs was higher than MLE/w. Their effects were dose-
dependent manner. Their IC,,, 24 h, was orderly arranged as MLE/e (553.52 + 14.07 pg/ml) >
MLE/w (912.06 + 16.86 pug/ml) > MSE/e (2,385.95 + 81.28 ug/ml) > MSE/w (5,813.45 + 111.25
ug/ml). MLE/e was selected to be tested with 3-surface attach cell lines, MLE/e reduced these cell
lines as dose-dependent manner. It reduced proliferation of MCF7 human breast cancer cells with
IC,,, 0f 763.12 £ 9.51 pg/ml and of HepG2 human hepatocellular carcinoma cells with ICy,, of 866.06
+ 16.44 pg/ml. However, MLE/e did not reduce the proliferation of PC3, its IC,,, was 1,636.16 +
152.90 pg/ml.

Cell cycle arrest was analyzed by separation of cells at different phases of cell cycle through
flow cytometer. MLEs arrested Jurkat cell cycle at G1 phase causing the cells accumulated in sub G1
in dose- and time-dependent manner. MLE/e at 400, 600, tta ¢ 800 ug/ml, 24 h induced cell
accumulation in Sub G1 1.07%, 8.01%, 27.29% and 63.10% respectively. MLE/w needed higher
amount of the extracts to express their effects. MLE/w at 800, 1,000 &t@1& 1,200 ug/ml caused cell
accumulation at Sub G1 1.23%, 4.33%, 10.23% and 22.38% respectively. MLE/e at 600 ug/ml was
selected to treat Jurkat cells for 0, 6, 12 and 24 h, these caused the cells accumulated in Sub G1 1.24%,
4.87%, 22.13% and 28.06% respectively. MLE/w at 1,000 ug/ml made low cell accumulation, only
1.70%, 1.92%, 4.12%, and 10.11% respectively. While MSEs did not exert their effects on Jurkat cell
cycle arrest. This result was correlated to the results of cell proliferation above.

MLE/e was chosen at 400 ug/ml and 600 ug/ml to treat Jurkat cells for 0, 1.5, 3, and 6 h. The
protein lysates were separated by SDS-PAGE and Western blotting. MLE/e at 600 ug/ml induced
deregulation of Jurkat cell cycle factor dose and time dependently. Cyclin D1 began to decline at 1.5
h, Cyclin E at 3 h, and CDK4 at 6 h. CDK2 did not express from 1.5 h of treatment on ward. The

deregulation effect on cell cycle factors of MLE/e agreed with its effect on cell cycle arrest.



Cell apoptosis was analyzed by Annexin V/propidium iodide staining and flow cytometry.
MLE/e at 400, 600 and 800 ug/ml incubated with Jurkat cells for 24 h were able to induce apoptosis
32.00%, 73.97% and 93.27% respectively. Selected MLE/e at 600 ug/ml treated the cells for 0, 6, 12
and 24 h was able to induce total apoptotic cells 17.55%, 25.28% and 74.00% respectively. Thus
MLE/e induced Jurkat cell apoptosis in dose- and time dependent manners.

In summary, mintweed extracts contained phenolics, flavonoids and essemtial oils with
antioxidant property, without cytotoxicity but enhanced proliferation of normal cells. The leaf extracts
possessed potential against cell proliferation of Jurkat, MCF7, and HepG2 cancer cell lines.
Selectively, MLE/e arrested Jurkat cell cycle at G1 phase; deregulated CDK2, CDK4, Cyclin D1, and
Cyclin E; and induced cell apoptosis dose and time dependently. Mintweed is therefore a weed plant
with high potential for further research and development in many other aspects including clinical and

pharmaceutical researches for cancer prevention and cure.
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DPPH free radical scavenging activities of mintweed (H. sauveolens) extracts
and of the standards, catechin and ascorbic acid. Data were mean + SD., (n =
3).

Ferric reducing ability power (FRAP) values of mintweed (H. sauveolens)
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Summary of antioxidant activities of mintweed extracts analyzed by DPPH
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Antiproliferative effects of mintweed leaf extracts on peripheral blood
mononuclear cells (PBMCs) by AlamarBlue assay at 24 h. Data were mean =
S.D., (n=13).

Antiproliferative effects of mintweed leaf and seed extracts on Jurkat cells
(human T lymphocyte leukemia cells) by AlamarBlue assay at 24 h. Data were
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Hyptis suaveolens (L.) Poit. A, plant tree. B, seeds

Two-chamber container with a perforate divider. The smaller compartment
was for brine shrimp egg hatching. The larger compartment was for the
nauplii, migrated toward the light.

TLC fingerprints of mintweed extracts were separated in ethyl acetate:
methanol: water (81:11:8) and visualized under UV light at 254 nm (A) and
366 nm (B). MLE/e, mintweed leaf ethanolic extract; MSE/e, mintweed seed
ethanolic extract; MLE/w, mintweed leaf water extract; MSE/w, mintweed
seed water extract; E,, estradiol

TLC fingerprints of mintweed extracts were developed in ethylacetate:
methanol: water (81:11:8) and sprayed with specific reagents: A, KOH
reagent (UV-366 nm); B, Dragendorff’s reagent (vis); C,
Anisaldehyde/H,SO, reagent (vis); D, Vanillin/H,SO, reagent (vis). MLE/e,
mintweed leaf ethanolic extract; MSE/e, mintweed seed ethanolic extract;
MLE/w, mintweed leaf water extract; MSE/w, mintweed seed water extract;
Cou; coumarin.

TLC fingerprints of mintweed extracts were developed in ethyl acetate:
methanol: water (81:11:8) and sprayed with specific reagents: A, FeCl3
reagent; B, DPPH reagent; C, Kedde reagent. MLE/e, mintweed leaf
ethanolic extract; MSE/e, mintweed seed ethanolic extract; MLE/w,
mintweed leaf water extract; MSE/w, mintweed seed water extract; CA,
catechin; Tro, trolox.

A: Terpenoids detection in mintweed extracts by Salkowski test. B: Tannins
detection in mintweed extracts by Ferric chloride test. C: Alkaloids detection

in mintweed extracts by Dragendorff reagent test. MLE/e, mintweed leaf
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ethanolic extract; MLE/w, mintweed leaf water extract; MSE/e, mintweed
seed ethanolic extract; MSE/w, mintweed seed water extract

Frothting test of mintweed extracts. A, after shaking, B, after adding NaOH
and shaking, C, after adding HCI, boiling for 10 min and shaking. MLE/e,
mintweed leaf ethanolic extract; MLE/w, mintweed leaf water extract;
MSE/e, mintweed seed ethanolic extract; MSE/w, mintweed seed water
extract.

Figure 4.1 Cell cycle (A) and the protein factors in cell cycle regulation (B).
Peripheral Blood Mononuclear cells separation by density-gradient
centrifugation in Histopaque-1077 (Hofmann et al., 1982)

AlamarBlue® assay principle (Markaki, 2009).

Proliferation of HepG2, MCF7, and PC3 cells after MLE/e treatment at
various concentrations and incubation at 24 h (A) and 48 h (B). Data were
mean = S.D., n = 6.

Dose—dependent effect of mintweed leaf ethanol and water extracts, MLE/e
and MLE/w, on cell cycle of Jurkat cells (human T leukemia cells). The cells
were treated with various concentrations, designated, of MLE/e (upper
panel) and MLE/w (lower panel) for 24 h. The cell cycle phases were
analyzed by flow cytometer. The percentage of cells in G1, S and G2/M
phases are indicated. The sub G1 represents the apoptotic population. Data
shown are representatives of three independent experiments.
Dose—dependent effect of mintweed seed ethanol and water extracts, MSE/e
and MSE/w, on cell cycle of Jurkat cells (human T leukemia cells). The cells
were treated with various concentrations, designated, of MSE/e (upper
panel) and MSE/w (lower panel) for 24 h. The cell cycle phases were
analyzed by flow cytometer. The percentage of cells in G1, S and G2/M

phases are indicated. The sub G1 represents the apoptotic population. Data
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shown are representatives of three independent experiments.
Time-dependent effect of mintweed leaf ethanol and water extracts, MLE/e
and MLE/w, on cell cycle of Jurkat cells (human T leukemia cells). The cells
were incubated with 600ug/ml MLE/e and 1,000 ug/ml MLE/w. The cells
were harvested at 0, 6, 12 and 24 h and then were subjected to flow
cytometer. The percentage of cells in G1, S and G2/M phases are indicated.
The sub Gl represents the apoptotic population. Data shown are
representatives of three independent experiments.

Time-dependent effect of mintweed seed ethanol and water extracts, MSE/e
and MSE/w, on cell cycle of Jurkat cells (human T leukemia cells). The cells
were incubated with 2,500 ug/ml MSE/e and 6,000 ug/ml MSE/w. The cells
were harvested at 0, 6, 12 and 24 h and then subjected to flow cytometer.
The percentage of cells in G1, S and G2/M phases are indicated. The sub G1
represents the apoptotic population. Data shown are representatives

of three independent experiments.

Effect of MLE/e on the expression of Cyclin and CDK proteins in Jurkat
cells. The cells were treated at 400 ug/ml and 600 ug/ml for 0, 1.5, 3, and 6
h and 40 ug cell protein lysate was then subjected to 12% SDS-PAGE and
Western blotting. Actin was used as a protein loading reference. The
autoradiogram represents three experiments.

Cytogram of annexin V binding and propidium iodide uptake in Jurkat
(human T leukemia) cells after treated with 400, 600 and 800 ug/ml MLE/e
for 24 h (A) and with 600 ug/ml for 0, 6, 12 and 24 h (B). Q represents
quadrants in cytogram; Q1, necrotic cells; Q2, late apoptosis; Q3, live cells;
Q4, early apoptosis. Data shown are representatives of three independent

experiments.
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Figure 2.1 Hyptis suaveolens (L.) Poit. A, plant tree. B, seeds (Provided by ARS Systematic Botany

and Mycology Laboratory, Mexico)
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&Ry chan, Chinese mint, horehound, hyptis, mint weed, mintweed, pignut, wild spikenard
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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, dicotyledones, 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

[ o ] I Y
imsldunsanmSnmmatsemaru Tailuasnsgdualszam (stimulant) ¥Uay (carminative)
) Y
TUIMID (sudorific) hag VUL (lactagoue) 1¥RAAABINITUIN (catarrhal condition) 19 15 AHN
3 & ¥ ¥ v vy & . . v y
WILILASIUHBDIDN mﬂumﬂslmmmmiﬂmmu@ﬂimﬂ (antlspasmodlc) Llﬁgllﬂﬂ']ﬂ'lﬁul.‘“sllf’)
o . . Yy 3 qu ¥ . v
oL (antirheumatic) 2151 anIUINe (stomachach) ud 14 waaldudnsznie (allay thirst) (49
[ £ a Y4
‘ﬁjﬂwj‘ﬂ (constipation) 1‘1JmmLmqaﬂmﬁqmﬁ’mmimtywug (Pokharkar, Saraswat, and Kotkar,
4
2010) 41210 luld¥1utasnoon (blood bleeding) (Sukumaran, Brintha, Subitha, Sheebha, and
Jeeve, 2014) ansanalutednmauisosnuiviauma il nunatla’lda (Shenoy, Ushenoy,

Patil, and Kumar, 2009)


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

2.3 AIMNUBINTIAYY (Antioxidants) 31NN

a 14 . I v a g 1
T1500NHUAUN (oxidants) L‘]Ju‘ﬁﬂﬂ/ﬁﬁ JUIANATOU LYW oxygen, ozone, hydrogen
peroxide, inorganic peroxide, nitric acid, nitrate compounds, chlorite, hyperchlorite a2 813919
I < o J o a J
a201a U111 household bleach 1iludu WiotlueoyuguesllsAunseluiu a1seonguaum

a

A . < A ~ [ A (aaa
W30a150YNADATY (free radicals) 1lupzaounio luanah luedes HUgnserge sunIuns
o 14 a a a .. o v w
WMo usaa eyyasaszlNINNIBNINUANY T151ETV01415 (additives) T1TMIAAATNY
o w . .. [ § a o 1 4
(pesticides) A13N19ALULNAY (insecticides) mumﬁ 49 aigagjaaaizmawmuﬂizﬂammwaa
H) % o 1 a < . o [ .
590919 DNA 1az RNA #aigmsmnanzi5e1a 415 oxidants d3amisniateTuanaduq Tu
A= 1 A AaAaa [ o Y a [ o dy d‘ 19 o Y dy d’
aa NHARedINFIN U 1AM UINe Y Yanaileaeauare iz oo aueIvIa
I o 4 [ a
won 1Wulsale Tsniale uaz15AdUY (Gospodatyov and Lushchak, 2012)  &@3UasMUe0N T
. . < 3 < Yo
1A (antioxidants) 1iu Turanavinaan anaeusnuaznelumades 019 lasuanemsuay
a [ a . . . a I Y
Taandiu 1y Talu C (Ascorbic acid), glutathione (GSH) ttag 13@134 E (tocopherols) 11U
(Frei, 1999)
A A = A =R A [ 5’49! A Y v A Y a v Aav
WONHIAY ABAIANIINNY FanydunTIzHVINel ot vl InazALs Tnn 110396
Y
[ a 1 a3 a a .
MANTNYNBIANYTZUIA 40,000 HilA 151 a1T U 15)ABYN (secondary metabolites) 1A
I J Aa 4 a A
AumsidsznovlunguInailuean (polyphenolic compounds) Hale¥iialaMdUITANINTININ

'
T A

1 ~ 1 a3 a ana g’/ 9 g}/ @ Y o Y a @ ] g}/
wawamw”lmﬂuwwammm FIAIUNYUYIN1TDNLA D @]Tlill’liﬁ ATHIDNFLIATY JUVYIINT

@ g’/ [ J

nIUeuwas Wie dudaiginwad msnouziie uaziliivadnailndaindinie (apoptosis)
(Guo, Matsidak, Ablise, Sheng, and Abudula, 2013; Katyal, Bhardwaj, and Khajuria, 2014; Saritha,
Karpagam, and Sumathi, 2014)
Lmaa‘”ﬂﬂdeuﬁ%?)ﬂ%ﬁwﬁaﬁmiﬁﬁmgmﬁﬂmﬁﬂmﬁnﬂ'azﬂumi 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, 2013) iiosnnluasasaunednaiia1siseney alkaloids, flavonoids, phenols,
terpenes LA g sterols (Agarwal and Varma, 2013; Sharma, Roy, Anurag, Gupta, and Vipin, 2013;
Okoye and Chukwu, 2014) uf]ﬂiﬂﬂ‘ﬁ AFANALINSNANNYTEAUVDA antioxidant enzymes catalase
e superoxide dismutase LLQ1E ESUNITTAYIVIALNG (Shirwaikar, Shenoy, Udupa, Udupa and

Shetty, 2003)



a d
2.4 ﬁ1’iﬁ1uﬂ1’i!ﬁ]’iq}ﬂl®\‘l!°ﬂﬁﬁ (Antiproliferation) ﬁ]]ﬂ‘ﬁ‘lf

asnnfianareriauaasgnisiunseyin Tnveuwadmeiuiniorraduz e gy
A1300A1UNABIIU (Zizyphus) (Hassan and Abdel-Gawad, 2010) @13a0a 10515199 (Plumeria
acuminata) (Periyasami, Gupta, Mazumder, Gebrelibanos, and Sintayehu, 2013) §15¢ ﬁlﬂfﬂm‘ﬁﬂ A
V09 Lactuca serriola (prickly lettuce) (Alshathly and Elsharkawy, 2014) 81 gj N9 L%%ELISUENLGK aa
Lﬁjﬁlﬂﬁlﬂ%ﬁ@ﬁn Ehrlich ascites carcinoma leﬁmﬁ’awmwy}gmﬁ Swiss albino W% (Camellia
sinensis) WAAT13 polyphenol - Epigallocatechin-3-gallate (EGCG) ﬁmmmﬂﬂﬁ’aumunmuaﬂwaﬁ
fudimsiusmraduzdaimia fsa ROS (reactive oxygen species) uazs‘fm‘?ﬁmmmmi
wUaHad mitosis lugilroTsanasaiaon1y (cardiovascular disease) Tsalszamdon
(neurodegenerative disorder) LA N L:‘ai 1 (Yang and Wang, 2010) Taeg EGCG dUnN 1 epidermal
growth factor receptor VB D ﬁ’iwl,%ﬂ HIN Y (hunam epidermoid carcinoma cells) EGCG 1 5’ N
ms¥nih lvinga inhibitory nitric oxide synthase iNOS) Tty aé'macrophage 1ag EGCG 1 5’@’3};]
Snswaduzdadiuy MCF) 3iszer Gi Tasdninsdansizy p21 1ag p27 Yaduda
cyclin-dependent kinase (CDK2/4) CT}QL‘]dJu’d 1sifadenisutiaad (Lin, Liang, and Lin-Shiau, 1999)
wenvIndl EGCG dudimsiiaifiosenlutlen madneits uaz daugﬂmmiﬂﬂﬁ’ug’qms
wamveaen T u3a signal transduction 99% 1AM uiNsIUILYAE (Yang, Wang, Lu

and Picinich, 2009)

Q‘{g} a a J

k4
?f”li?fﬂﬂﬂ?ﬂi‘ﬂllll\iﬁﬂﬂ”Iﬁi]Tl‘ﬁ@HuﬂTilﬂiﬂJuan’J\‘ll%ﬂﬂﬁLl“l’liEJ Escherichia coli,

Staphylococcus aureus LLﬁzLG]d;"’e)ﬁ Candida albicans, Aspergillus niger W0 Trichophyton rubrum
(Iwalokun, Olwadun, Otunba, and Oyenuga, 2012) lUN4ATIAUNUNDNATANALUIANANATY
m3syay Tnvesadiiafenu1InAvesal (human lymphocytes) 1a33MI¥IUVBIBAR
Lﬁmﬁflmﬂ’gﬂﬂa ¥UA natural killer T lymphocytes (NK) (Sriwanthana, Treesangsri, Boriboontrakul,
Somchit Niumsakul, and Chavalittumrong, 2007) 01 aana lumsd %}Nndjllﬂ!ﬁ‘ﬂuﬁ? (epithelization

< 1
period) Tumssnuiuiauna (Rajiput, et al., 2011) msﬁﬂmqmmmumaﬂmm antioxidation,

[

v A

J 3 o a J o
cell proliferation, cell cycle LLa1¢ apoptosis maqwaamwﬁwﬁmmmﬂm INDAATIEUUIANYNIN

v [ o J o I a A g o a dy <
VDIANTANALNIANAN Ll']llTJ‘IJi$QﬂﬁLlagW@Juﬂﬂ‘Ll’f]ﬂ’ﬂiLﬁiMLW’EJ‘]J’E]\?ﬂuﬂ1§LﬂﬂLu’EJ\1§)ﬂ/3J$Li\?

o <3 [ <3 aa ]
lla%W@Ju’llﬂuEﬂiﬂ‘]&l'lllgl,iﬂsluﬂ'mﬂauﬂﬁﬂllﬂ
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3.1 A
s o ' y A X o
’E]\?ﬂﬂ'lﬁ@iﬂllfﬂaﬂ (WHO) Uszaan 80% sllfN‘]JﬁgG])'"Iﬂﬁclu‘ﬂ@Qﬂl&WQWTﬂWﬁLLWWﬂLLUU
¥ a 9 o o a . L
ANLAY (traditional medicine) mmumﬁiﬂmﬂgugu (primary health care) Msunnd lulszina
a A Y A I v o o [ 2 Ao =
%“L!llﬂ131%Wcﬁlﬂu§1uﬁaﬂfﬂﬁillﬂWﬁiﬂ'H']‘llSZGIﬂﬂi“]NN‘DTL!'JL!iﬂﬂ Gluﬂi%!ﬂﬂiﬂﬂmiﬂiﬁﬂTﬁ
o A A 1 a [ g’/ a
msunndgugiiveduaiumsldneayu InsuazmsFnyuuaua (Srivastava, Lambert, and
v Aaw ' o ' S A
Vietmeyer, 1996) WNIe1szuunIsn ﬁaﬂummmﬁwﬂaﬂﬁﬂmmmﬂﬂmmm Lﬁ’f)\ﬁ]']ﬂ
a a o
NFNANAITAIUDOATUAUT (antioxidants) (Balassundraum, Sundram and Samman, 2006; Khalil,
: I { [ a 3
Moustaf, and Naguib, 2007) FU eI NUANININAIUATLUIUNITBONFIAT U (antioxidation
activity)
. . a v Yy ¥ o d o . . 4
Antioxidants 9MNTIINYIA LLNVIﬂ'JHJHIlIﬂJuﬂTﬂﬁWNWiﬂﬂfNﬂu oxidation Eumm'i“lmcﬁaa
9 1 o =) o 14 . . . o J
1 11 ToanuTysau Ty m5Tu'lewsn 1ag DNA (Deoxyribonucleic acid) NMITNAYNUT
] a3 S
HAZNIINONLLIY (Tapiero, Tew, Nguyen Ba, and Mathe, 2002) antioxidants N &3 Usgnounig
1 o [ 1 @ @ dy
MENINUAIATLANAIINY  antioxidants Ui ungunan< 14 @il (Gupta and Sharma, 2006;
Sharma, Singh, and Singh, 2013)
4
1) Enzymes Tuiitiasa (plasma) i superoxide dismutase (SOD), catalase (CAT), 4o
Glutathion peroxidase (GPx) Wntiuasy Reactive Oxygen Species (ROS) 1a¢ Nitrogen
. . Y 3 =~ ST
Reactive Species (RNS) Glmﬂuimaqmﬁa 87 Llas U lipid proteases, transferase (41 DNA
. )
repair enzymes duau
2) High molecular weight compounds launTusau iu albumin, transferrin, L& ceruplasmin
ﬁqmuﬂmawamm metal catalyzed free radicals
. = o ] g I
3) Low molecular weight compounds Faduundos laoniu
3.1 Lipid soluble antioxidants: tocopherol, quinins, bilirubin L& polyphenols VB UA
3.2 Water soluble antioxidants: ascorbic acid, uric acid (i1& polyphenols VNTUA
I
4) Minerals: selenium, copper, manganese, zinc Fudu
5) Vitamins: vitamin A, C 8% E

'
A Aaa A

6) Antioxidants NBLasaINiFInoU : carotenoids, phenolic compounds 48g flavonoids



16

[

Antioxidants 91n#a#n wa lifazayu Insmdslasuanuaulvediauindreainise
o £ 1 =Y I
ﬂ@ﬂﬂuﬂ’ﬂm?TEJWWiHﬂi]WﬁﬂJEN oxidation HAE AUATUFUNINVOIAY  antioxidants 1)
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(Danmalam, Abdullahi, Agunu, and Musa, 2009; Mishra Verma, Mukerjee, and Vijayakumar, 2011)
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a o
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. A = . dy Y a L4 = = a
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& U U A G u
3.3.1 MSNUAIEINTHATMSAIBNTITANA
< o zil A a @ = = zil A 9 = a
nutananninunMeluumInedema Tulaggsuistas NuN1UABIUTNIUTOY
a o o a [ a o 4 4
UMIINOIEY MITWUNFHAVDUINENAIAINOYNTVITIU 1ATUANUOYATIZHIIN AEATI50
o o a a a o a [ < o
a3. Useuen 3uNs ladis MAIITIINGT AL INGIAEAT 1IN woULAY DU TuLueanan
1 o g 1 < [
serudouaaIny anluuuednadetilaz oAz INIRIA0UE AR BIUNAALLNENAT
<3 1 A = [ I ] I ?_,' g’; 2 9 A I A
NUFIUADUNNTIAN teTsuanaman lasusaaluihazeiaainal Prudienveunaauudiy
2 o o a £ 3 A A Y v < o = )
MIaenne anwaanisianienlvuraluena uenualusazuanuuaanmNAINLHT
udrluToua T (electric blender)
(% < 4 @
anaruavedluLazINAARIUIATBANA Soxhlet extraction apparatus (Buchi Instruments,
Y '
Switzerland) T¥mava 50 N1 U39 70% ethanol (v/v) 500 ml ¥ 24 92119 PFOIEITEANA
) Y
wazin 1y dul1as 0952118 rotary evaporator (Buchi Instruments, Switzerland) 310114911 1%
1] I §
q1TANA uﬁjﬁ Wuwalae lyophilization A -50°C (Freeze-zone 12 Plus, Labconco Corporation,

< o 1 '
Missouri, USA) INUKITNA lyophilized extract 1 -20°C aunInvz l9naans

3.3.2 MIATIIMIE 1579]%1{]3? (Secondary metabolites screening)
;%

3.3.2.1 MIA5IVIA13A8 Thin layer chromatography (TLC)

TSunAd0 silica gel 60 F,, 0.25 mm (Merck, Darmstadt, Germany) azaledITana

E ] ) 1 1 % ]
11111 1150 70% cthanol 99 (spot) A13AI081VULKY TLC JularsuruaugaasaIegaly
71592018 mobile phase #9152 noualY ethyl acetate: methanol: water (81:11:8) TUNAUDVET

H 9 !
maisﬁ’um UV 9 A-254 gz A-366 nm mﬂuuwuﬁ'aa’miwmyﬁuwmﬁamnmmimwuﬂ

E4
v A

AU (1) Potassium hydroxide (KOH) reagent A1HTUATIVN anthraquinones, anthones L8
coumarins group, (2) Dragendorff’s reagent @ 1% § U @ 5 23 ¥ 1 alkaloids group, (3)
Anisaldehyde/sulfuric acid (H,SO,) reagent, 448 (4) Vanillin/sulfuric (H,SO,) reagent CREERT
essential oils, steroid, terpenoids and phenols, (5) Iron (III) chloride reagent AMTUATIVN phenolic

compounds L8 ¢ tannins, (6) DPPH reagent A11SUATIVN antioxidants 118 % (7) Kedde reagent

9 (2

1IN TUATIINA cardiac glycosides (Wagner and Bladt, 1996; Gibbons and Gray, 1998) i1u1@ R,

[ 9 !

ANGATUNAN
_ Compound distance fromorigin(cm)
Sovent frontdistance fromorigin (cm)
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3.3.2.2 MSATIDTIA5AE Specific reagent testing

asauinl§asnsuansasaluvasanaass ¥ 1¥iAad (coloration) oA 1941
@15 W12 (Sofowora, 1993; Trease and Evans, 1989; Harborne, 1973) & Qﬁ (1) Salkowski test
AMTUATIIN terpenoids 1MaNTanaluuNIdNAT 0.05 NFU A MTARANAALNIENA 0.2 AT
WAUNU chloroform (CHCL,) 2 ml Ave9) 1d conc. H,SO, 3 ml VufvesEsHaNiy nauhma
Llﬂﬂﬁlﬁﬂ%uixﬁdﬁ interface HLAAIL terpenoids  (2) Ferric chloride test A1MSUNTIIN tannins
Fuarsataunednn 02 n¥u luthndu 4 ml 10 w1# nsee udrmoa 5% FeCl, 2-3 woaldly
filtrate 813 tannins 9% 1@ & brownish green %30 blue-black (3) Dragendorff’s reagent & 14 Ju
A329%11 alkaloids AT AAAUNIANAT 0.2 NTU WA 2% H,SO, 3 ml nniunses ndanen
Dragendorff reagent 2-3 ¥i & 9 Ta 1 filtrate 813 alkaloids 9% 1@ & orange red (4) Frothting test
F1M5UATIIN saponins (Harborne, 1998) §15ANALNIANAT 0.2 NTU Turhady 4 ml gu 10 WA
oA eI RMRaedRiael Mmiuiusumsi saponins 108 1) 1A} NaOH tv&1 i
fj’qﬁ%lmag' R (AR Y saponins 130 2) 1Ay HCl ué”;ﬁ’mﬁ@ hydrolyze saponin glycoside Tl

9 1
aglycone 1182 l3i%ivloq

3.3.3 myaanzTiUina Total phenolic compounds (TPC)
U518 total phenolic compounds Tuasanada1aeF Folin-Ciocault method (Matthaus,
2002) azaea1sanaluinvionnaneaed a13a3a18820619 0.1 ml WA 2% Sodium

9 v
carbonate (Na,CO;) 2 ml m‘li’ﬁ’qmmuﬁ'm 2 U9 ANE15aEa18 Folin-Ciocault (Folin:methanol,

QU

[
A =

1:1)0.1 ml U 30 U9 ilﬂ?]'TﬂﬂﬂauLLﬁﬂﬂ A-750 nm A28 spectrophotometer (CE1011, Cecil
Instruments, Cambridge, UK) 19 Gallic acid 1{ua151103531% Y5102 TPC 51891184128 m

Gallic acid equivalent Ao mg ATaAnALT (mg GAE/mg dried extract)

d
3.3.4 MmsanneriUSuna Total flavonoid (TF) contents

=) a 4 aan [ .

13119 total flavonoid contents 311512 ¥ A28 {13811 Aluminum chloride (AICL,) ¥4
v
a5u181A8 Liu et al. (2002) ¥1aga1ea15@30819 5 mg/ml luasasduiana a1sazaiefiodnd
Y f A

0.250 ml NEFUAVT 1.25 ml AL 5% NaNO, 75 ul Uy 6 U udAANTITAZAY 10% AICL,.6H,0

v A A a %} I 9 3’, A A Y
UW 5 ¥ AN 1 M NaOH 0.25 ml ianiih 19 145 umnaniug 2.5 ml Jamigaudan A-510 nm Ae

9y . I a I ' .
spectrophotometer 19 Catechin 1 ua153195914 UTu1a TF 518911150 UW 128 mg Catechin

equivalent 5 mg ATAnALT (mg CA/mg dried extract)
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3.3.5 MUY Antioxidant activity
3.3.4.1 Free radical scavenging activity 1ags DPPH

ANeNINN1TAITADYYADATZYDIAITANARI8TT 2,2-2 diphenyl-1-picryl
hydrazyl (DPPH method) (Sanchez-Moreno et al., 1999) #1382 a1891a10A NI T U VoA AL
#10819 50 ul HANAUAVAITALAY 40 mg/ml methanol DPPH® 1.95 ml Waruivenae1aus e 1¥id1nu
113 45 wiitludida Sadgandunaadi A-515 nm Tae1% methanol 111 blank control taz 14
methanol DPPH* ﬁJumimuQu 19 L-ascorbic acid 118¢ Catechin ﬁ‘Jumsmmgm antioxidant
activity 518&114@1;1%’11 %’uﬂszﬁm?ﬁmwm 99 DPPH® G%:\‘] cﬁ’u ]l@s]) 50% (Inhibition concentration 50,

IC,, ugCAE/ml %50 ugAAE/ml)

% inhibition =(AC°””°' —A Samp'ej 100

A control

A control ﬁﬂfﬁ absorbance YBIFA1TAIVAY

A sample ABA absorbance YBIATAIDE

3.3.4.2 Ferric reducing antioxidant power (FRAP)
ANMNAINITDAA ferric ions VBIET antioxidants IUEITHNA ﬁlﬂﬁzﬁlﬁ”maﬁ
FRAP (Benzie and Strain, 1996) éqgﬂumﬁﬂmmﬁn 1 V%’IWTSJWUEN antioxidants 19583 FRAP
reagent 14139 1A8WAY 10 mM TPTZ (2,4,6-tripyridyl-s-strazine) 1U@ 1502018 40 mM HCI, 20
mM FeCl, 11 0.1 M Acetate buffer, pH 3.6 TU0a3 1821 1:1:4 (v/v/v) HANEIT0LA19AI0819 50 ul
118 FRAP reagent 1.5 ml Uy 10 U9 i’ﬂﬁmﬂumﬁ A-593 nm 19 FeS0,.7H,0 (100 - 1000 pM)
Wumsuiasgiu uagsieunaioumn iy uM FeSO,.7H,0 @0 mg @13 aAauia M

FeSO,.7H,0 equivalent/mg dried extract)

d
3.3.5 MSAUASITH Cytotoxicity iﬂfl Brine shrimp lethal assay

A s £ 4 a sY ax . . :
amiwwqmmmmuwymwaammﬁ Brine Shrimp Lethal Assay (BSLA) (Wanyoike,
= %,‘ = 1 ] é ] < 1 (] [ Y 9
et al., 2004) Tagiasoniimziafion (3.8% NaCl) lalunaosdausiauilu 2 voe'liminu iz

1 ] 1 <3 a 1 d’} 4 [ o 1 .
to8 (brine shrimp) Tagla lauta (cysts) Turouan Uarostiiofuuaidlonsza1ya 1864 brine

p Yy

{ @ v 1 1 o da 1 A o
shrimp 71 25 +2°C sz a 24 $2Tua 18A200U nauplii @019l 20 Taanvoslnajengass

1 d' 1 ] <
90U nauplii panuIne U (¥ea1an) (Figure 3.1)
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Y Holes

|

Figure 3.1 Two-chamber container with a perforate divider. The smaller compartment was for brine
shrimp egg hatching. The larger compartment was for the nauplii, migrated toward the light.

P

e 10 nauplii Gltﬂqumm 24-well plate (SPL Life Sciences, Gyeonggi-do, Korea) “?Q‘]_Iiii]ﬁW
1 % %7} -
neraion 4 ml ldensazaroesanaluiil wie lu 1% DMSO (aNuiudIugane) uazilsy
9 v
AMTUTUEITTENIN 10 - 1000 ug/ml ANMTNTUAZ 6 W 1884 nauplii 7DD 24 T2 1 LAY

WUS I nauplii a8 T 24 2109 MWW % corrected mortality @38 Abbot’s formula (1925)

Observed treatment mortality-Control mortality
% Corrected mortality = x 100
100- Control mortality

Y A o

4
AN312¥H Y0R8 Probit analysis (Finney, 1971) 11 AW NTUN IR brine shrimp @18 50%

(Lethal concentration 50, LCs,)

J
3.4 HANMINAADIUAZIDIT

3.4.1 Secondary metabolites lTuasanauaaana

a

a [ < [ : (%
NITATIINITITINAYN /Wi]ﬂ‘]ellﬂﬁéluﬁ']iﬁﬂﬂiﬂlmmmaﬂllﬂﬁaﬂﬂ’]ﬁﬁﬁﬂﬂﬁ")ﬁl 70%

q £l

v A

¥ an
ethanol 118 11 (MLE/e, MSE/e, MLE/w, 1182 MSE/w aua1a1) laauiiums 2 331an fe
(1) uena15U52NOVAY thin layer chromatography (TLC) #2832 1Y ethyl acetate: methanol: water
81:11:8 1&1A5IMIENTAIBNAL UV 1ag (2) nadoualons 1dilgazennuas e (specific

reagent testing)
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3.4.1.1 Thin layer chromatography (TLC)

LEAEITANA A28 TLC LAg ATIVHIANUITITAIY UV 2 modes Ai® UV short
wavelength ﬁ A-254 nm 1ag UV long wavelength “I?I A-366 nm a5 UM qualitative U®Y
chromatogram 910 R, value #aiflun1ssziiin iffeadu IuNTiaganaunasii UV-254 nm
c?dzﬂumi"hjﬁmum (quench fluorescence) miﬂimglﬂmm‘u (zone) am uuﬁru (background)
FWeran @91 UV-366 nm M1 uauansua 509 1ag5358%A (native fluorescence) 1M
background & Az Uszifiumansiinen'ldlag TLC u&I@18mM U0 visualization reagents

iiouenasaniadle TLC 1azATINNIAIE UV NUILLIENAa a8 70% cthanol
ausanenasiszneunnlunazidausdnarlduinnnaiadieh Tuiwewdorfuuen
asanannlylduinaiiasadiannwan (Figure 3.2, A & B) 910 R, value (Table 3.1) a181d
UV-254 nm llﬁ’ﬁm‘ﬂmgmhqﬁmu‘ﬁu%@mm Tugsanaludae ethanol (MLE/e) 1 5 unu (R,
0.39-.079) enTaAnANAAA2Y ethanol (MSE/e) 1 4 101 (R, 0.14-0.79) nsaraluder (MLEw)
§ 2 101 (R, 0.23-0.60) taz drsaiawdadaen (MSEA) 1 3 a1 (R, 0.16-0.42) no1d UV 366
am 1810015 fluorescence DUTNLA Hatugl R, funduauduandrsiusalyldasyiia
820U MLE/e 3 710U (R;0.032-0.79) MSE/e § 4 40U (R,0.06-0.79) MLE/w il 4 110U (R,

0.23-0.65) tiaz MSE/w ¥ 1 191U (R, 0.06)

E, MLE/e MSE/e MLE/w MSE/w E, MLE/e MSE/e MLS/w MSE/w

Figure 3.2 TLC fingerprints of mintweed extracts were separated in ethyl acetate: methanol: water
(81:11:8) and visualized under UV light at 254 nm (A) and 366 nm (B). MLE/e, mintweed leaf
ethanolic extract; MSE/e, mintweed seed ethanolic extract; MLE/w, mintweed leaf water extract;
MSE/w, mintweed seed water extract; E,, estradiol
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Table 3.1 R; values of TLC fingerprints of mintweed extracts visualized under UV light at A-254 nm
and A-366 nm.

TLC R; of extracts
Detection MLE/e MSE/e MLE/w MSE/w
UV, A-254 nm 0.79 (LD) 0.79 (LD) 0.60 (B) 0.42 (LD)
0.74 (LD) 0.60 (LD) 0.23 (B) 0.25 (LD)
0.72 (B) 0.21 (B) 0.16 (LD)
0.44 (LD) 0.14 (B)
0.39 (LD)
UV, A-366 nm 0.79 (LR) 0.79 (LBI) 0.65 (LBI) 0.06 (BI)
0.65 (BI) 0.58 (BI) 0.58 (B)
0.62 (P) 0.21 (BI) 0.47 (B1)
0.58 (BI) 0.06 (BI) 0.23 (Bl)
0.45 (Bl)
0.42 (G)
0.32 (Bl)

MLE/e, mintweed leaf ethanolic extract; MSE/e, mintweed seed ethanolic extract; MLE/w, mintweed
leaf water extract; MSE/w, mintweed seed water extract
(LD), light dark; (B), black; (LR), light red; (Bl), blue; (R), red; (G), grey; (LBI), light blue.

astlsznenlumsanauusdnaganaunasil Uv-2s4 ﬂi1nggﬂulgauﬁaqﬁ1uuﬁu@En
@ (dark violet spots on a bright green background) (Figure 3.2, A) éléﬁ Jachen (1991) ® FU1877
?fﬁﬂizﬂﬂ‘n‘ﬁﬂﬂﬂﬁuuﬁﬂﬁ A-254 nm daummﬂumsﬁﬁ aromatic rings i1 conjugated double
bonds 1511 | 13 dark violet spots U bright green background LB anthraquinones, coumarins,
flavonoids 11ag polyphenols L&AYI1 AsaaUednA1InluLazIuAANNEITANATl aromatic
rings U0 conjugated double bonds VD4 flavonoids L& polyphenols MINTINMETRMEIL A 1%
@119 visualization reagents Wif Y KOH, Dragendorff’s reagent, anisaldehyde/H,SO, reagent,
vanillin/H,SO, reagent, FeCl, reagent, DPPH reagent tlas Kedde reagent Lﬁﬁ) TUWUNTITINNIZOY
Tu chromatogram

1) N198959911 anthraquinones (red), anthrone (yellow) @1 coumarins Taeld KOH

reagent AANY TLC plate #93 coumarins dumsuaspudmsvnleudion HAZATIMOVT A-
366 nm coumarins Lﬂﬁ'ﬁlu‘ﬁﬁ R;0.75 (blue-green) (Wagner and Bladt, 1996) lugsanauueana

uaazsiauandly Figure 3.3, A ag Table 3.2 MLE/e 81931 anthraquinones (R, 0.79 LR) 1@ 1343
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anthrones @% coumarins 1UVYMEN MSE/e 135 anthraquinones, anthrones AL coumarins (R,

9 Y
0.79 BI) &34 MLE/w tag MSE/w laifiansna 3 ¥UAU

Cou MLE/e MSE/e MLE/w MSE/w MLE’e MSE/e MLE/e MLSE/e Eue MLE/e MSE/e MLEAw MSE/w E, MLE/e MSE/e MLE/w MSE/w

A

Figure 3.3 TLC fingerprints of mintweed extracts were developed in ethylacetate: methanol: water
(81:11:8) and sprayed with specific reagents: A, KOH reagent (UV-366 nm); B, Dragendorff’s
reagent (vis); C, Anisaldehyde/H,SO, reagent (vis); D, Vanillin/H,SO, reagent (vis).

MLE/e, mintweed leaf ethanolic extract; MSE/e, mintweed seed ethanolic extract; MLE/w, mintweed
leaf water extract; MSE/w, mintweed seed water extract; Cou; coumarin.

2) N15ATIIN alkaloids LA AT nitrogen compounds Tagnu TLC plate At
Dragendorff’s reagent (potassium iodide-bismuth nitrate) é]? 3 alkaloids 9215 ng LLE]‘U?T‘L?WHEW?%@
&1 71814 visible light (Wagner and Bladt, 1996) wuiasasauuagnaanlunaziuiana 4
arsanaluil alkaloids (Figure 3.3, B wag Table 3.2) ualudiasTaona'l alkaloids Hunlumda
wanatmmadgnanineg liFhuisAtny (Doughari, 2012)

3) N1TATIVN essential oils 14 Anisaldehyde/H,SO, reagent WY TLC plate 5]:}\1 Y
2319171814 essential oils, steroids, terpenoids 118% phenols 141D F191A9 Wie 113U Hie
e 17] visible light (Jork et al., 1990; Wagner and Bladt, 1996) 1un1535&51%’ eugenol (R;0.83)
Lﬂuﬁwsmmgmﬁm% phenyl essential oils WU MLE/e, MSE/e llag MLE/w 1 essential oils
TusezauanuduTua1eany uag lunud essential oils 14 MSE/w (Figure 3.3, C 118¢ Table 3.2)

4)  N1IATIIN terpenes/steroids 4 Vanillin/H,SO, reagent WU TLC plate GT'N terpenes
nanowiia i duaaaziigy Lf}aﬁwﬂﬁ 138101 Vanillin/H,SO, reagent (Macherey Nagel GmbH &
Co.) 16195} estradiol (R;0.77 NBI) Lﬂuﬁﬁmmgmﬁm%’u sterol triterpenoids NUNFTANALUNIAN

< a . @ ' o .
arnlunaziudannsiall terpenoids TuTAUAMUITNTUAIINY (Figure 3.3, D 11 g
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Table 3.2) azMAUFA MLE/e (R,0.79), MSE/e (R,0.79) tnaoun 1nd1foany estradiol a2u
terpenoids Tu MLE/w (R;0.58) ®199¢ polar 171 estradiol 341AAOUN 1A¥1AI1 g MSE/w 3

. Y 9 9
terpenoids AUV NUVUUDY

Table 3.2 R, values of TLC fingerprints of mintweed extracts detected by KOH, Dragendorff reagent,
anisaldehyde/ H,SO, and vanillin/H,SO, reagent.

TLC R, of extract
Detection MLE/e MSE/e MLE/w MSE/w Coumarin Eugenol Estradiol
KOH 0.79 (P) 0.79 (BD) 0.65 (BD) - 0.75 (BGr) - -

0.65 (BD) 0.43 (BD

0.58 (DBI)

0.47 (LBI)
Dragendorff ND 0.05(CYL) ND 0.00CYD) - - -
Anisaldehyde/ 0.79 (V) 0.88 (P) 0.69 (LPu) - - 0.83 (Pu) -
H,SO, 0.74 (Pu) 0.79 (Pu) 0.63 (LPu)

0.63 (LPu)  0.71 (LPu)  0.54 (LPu)

0.56 (LPu)  0.48 (Pu)

0.50 (LPu)  0.38 (LPu)

0.04 (Br) 0.28 (LPu)

0.38 (Br) 0.24 (Pu)

0.35(PGr)  0.16 (Y)

0.31 (BD 0.06 (Pu)

0.25 (Br)
Vanillin/ 0.79 (NBl)  0.86 (DBl)  0.65 (LV) 0.33(LBl) - - 0.77 (NBI)
H,SO, 0.70 (DB  0.79 (NBD)  0.58 (Bl) 0.25 (PG)

0.60 (G) 0.70 (B 0.47 (PG) 0.23 (LP)
0.54 (G) 0.48 (Pu) 0.36 (G) 0.05 (Gr)
0.47 (DG) 0.40 (G) 0.52 (Br)
0.43 (DG) 0.35 (B 0.14 (Y)

0.31(G)

0.27(NBI)

0.23 (LV)

MLE/e, mintweed leaf ethanolic extract; MSE/e, mintweed seed ethanolic extract; MLE/w, mintweed
leaf water extract; MSE/w, mintweed seed water extract

(P), purple; (Bl), blue; (V), violet; (LV), light violet; (Pu), purple; (LPu), light purple; (Bl), blue; ;
(BGr), blue green; (NBI), nevy blue; (DBI), dark blue; (LBI), light blue; (Br), brown; (Gr), green;
(PGr), pale green; (CYL), cadmium yellow light; (CYD), cadmium yellow deep; (P), pink; (LP), light
pink; (Y), yellow; (G), grey; (DG), dark grey; (PG), pale grey; ND, not detectable
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5) N13ATIVNI phenolic compounds LAY tannins A FeCl, reagent Wu TLC plate T4
L3 A a1y Y ad A o A o
catechin (JumsuIasg I odanuaie FeCl, lagamiiaaniomidii R, 0.67 wolumseana
a o 1 o <3
‘K]ﬂ"]mﬂfl phenolic compounds Tuasanalud phenolic compounds wmnnnlussanawan a3
VINFUAIADOUNTINI1E15UI1ATF U catechin (Figure 3.4, A 118 g Table 3.3) &135 phenolic
compounds 1”ﬁ15ﬁﬁﬂl!bﬂﬁﬂﬂ1ﬁﬁ$ﬁImaf]aﬁ polar WINNI catechin
6) MIATIN antioxidants Tua1sana Tasn15WU TLC plate 328 DPPH reagent 1Ay
I 1 v o o ann o
1% Trolox 1fluens11A3§1U WU phenolic compounds Tuasernananuailfasernu DPPH
P A A A 9 1 o A o @ = wa . .
Tmvaeauunuaaoud19N9 Ao ITaNAUNIanAIUAMANITAITUA1S antioxidants 1A
15191913 antioxidants 14 Figure 3.4, B U31u0ua3 3013110 1v04 phenolics compounds 114
9
Figure 3.4, A1la2 MLE/e, MSE/e a2 MLE/w # R,0.60 254101 R, ¥4 Trolox 1U@15ANANT
R a 'y o Y Yy 1y S
AN Trolox YszNOUOYAIY NITUENAITANAAIY TLC HAINUAIBAIT DPPH 11)u
{ A . I a Y
HUINNMTATIIM TN UAUTUTA antioxidants FuTUITATIVMIAUAVIA TAgN15118N9IN
o A = I . . 1 Y Y
Noa TuiAave9d 2T U119 (TLC bioautography-guided method) 328 1 a 1m0 321y 181 1u
v A A o 3 . Ay A . . ¥
asanala1sNUAneN 1Y antioxidant VINKIOUOY INONITUINTS (fractionation) Gh*ihlﬂﬁﬁ
g v f
mqwﬂumuma"lﬂ (Vogel, et al., 2005; Gu, Wu and Wang, 2009; Wang, Yue, Tang and Sun, 2012)
7) NMINTIIN cardenolides/cardiac glycosides WU TLC plate #18 Kedde reagent QY
= = [l % [ I
quouniel@uaadura (visible light) TAnaUT yuw uag vio U9 Feluarsanaluuazivan
@ ] = I
uneana 1us1ngil cardiac glycosides (Figure 3.4, C ag Table 3.3) cardiac glycosides 11uas
a % I A 4 ~ = [ 4 =
steroid ¥HANHY taziduasNApUYIY hydrophilic 819tAAeuT 1A 1 vise lundeudilu solvent
H Y i1 1 i1 1
system 5211 ethyl acetate: methanol: water (81:11:8) N 191 @1adeudenldszuvdusg Fanasun
R, 1499 NU (Heftmann, 1979) 130 1ULLNANA10199¢1 cardiac glycosides 01T 0 laifitae

1 [ I A A [P= N 1 o Y dy @
LLﬁ@\?'ﬂL!iNaﬂﬂHﬂUWGIS‘V]UIJJ3JW‘]sJGlf]ﬂ'l'i“l/]NTlHlfNﬂaHJLu@W’ﬂi]
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MEe MSe MEw MSBw

Figure 3.4 TLC fingerprints of mintweed extracts were developed in ethyl acetate: methanol: water
(81:11:8) and sprayed with specific reagents: A, FeCl3 reagent; B, DPPH reagent; C, Kedde reagent.
MLE/e, mintweed leaf ethanolic extract; MSE/e, mintweed seed ethanolic extract; MLE/w, mintweed
leaf water extract; MSE/w, mintweed seed water extract; CA, catechin; Tro, trolox.

Table 3.3 R; values of TLC fingerprints of mintweed extracts detected by FeCl,, DPPH and Kedde

reagents.
TLC R;of extracts
Detection MLE/e MSE/e MLE/w MSE/w Catechin Trolox
FeCl, 0.77 (DB) 0.23 (B) 0.60 (DB) 0.21 (DB) 0.67 (B) -
0.60 (DB) 0.12 (DB) 0.46 (DB)
0.21 (B)
DPPH 0.73 (Y) 0.60 (Y) 0.75 (Y) 0.07 (Y) - 0.60 (Y)
0.60 (Y) 0.20 (Y) 0.66 (Y) 0.13 (Y)
0.14 (Y) 0.60 (Y)
0.46 (Y)
Kedde 0.79 (PBr) 0.25 (Y) 0.65 (PBr) 0.15 (Br) - -
0.73 (PBr) 0.13 (Br) 0.44 (PBr)
0.60 (PBr) 0.21 (Br)
0.44 (PBr)
0.37 (Br)

MLE/e, mintweed leaf ethanolic extract; MSE/e, mintweed seed ethanolic extract; MLE/w, mintweed

leaf water extract; MSE/w, mintweed seed water extract

(DB), diluted black; (B), black. (Y), yellow; (Br), brown; (PBr), pale brown



27

3.4.1.2 Specific reagent testing
1) Salkowski test LRIk terpenoids
. . [ aan Y g’; = A 9
Salkowski test NATOUH 1 terpenoids 1ua1sana Unierlnyuuovdviaeauan
{ < ¥ ' . [ [
1aeuIn1a1A952 119 interphase V4 ethanol/water AU chloroform 4 2 W11 WUEITANA
< o 31/ =\ . [ < A Yy 9 1 .
lutazmaauueaanaIMIuall terpenoids Tuensanawaaiinuantuunn1Iuly (Figure 3.5,
A 1 ] 3
A) terpenoids ﬁﬂmﬁ VUANNFININHA190819 15U 1 uans antioxidants, antibiotics, antitumour,

a I
insecticides, pazuNriadluasnousLIve (volatiles) (Raaman, 2006)
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Figure 3.5 A: Terpenoids detection in mintweed extracts by Salkowski test. B: Tannins detection in
mintweed extracts by Ferric chloride test. C: Alkaloids detection in mintweed extracts by Dragendorff
reagent test. MLE/e, mintweed leaf ethanolic extract; MLE/w, mintweed leaf water extract; MSE/e,
mintweed seed ethanolic extract; MSE/w, mintweed seed water extract

2) Ferric chloride test @1%5Y tannins
Ferric chloride %111 f] 73610 tannins 1998 brownish green 1350 blue-black WU
MLE/e, MLE/w % tannins 482 MSE/e ¥ tannins WUIUNIN FIU MSE/w 1313 tannins (Figure 3.5,
. < . A A . < Ao qIA o
B) tannins U3 polyphenolic compound Tunsrarestia tannins (Huarsnin ldnsisavuy

HJoaruiirarnmshateTaeuuad uaz 1% tannins 1 astringent (Ashok and Upadhyaya, 2012)

3) Dragendorff reagent test ¢ 15U alkaloids
Dragondorff's reagent (potassium iodide-bismuth nitrate) T49819n319v3191W 0
A329%1 alkaloids Ta® heavy metal atom (Bil4) § WY nitrogen 1w alkaloid 16 ion pairs liiazane

1@dnznouas complex FduuAs  114a15 MLE/e, MLE/w 11a2 MSE/e 133 alkaloids 1% MSE/w 3

alkaloids (Figure 3.5, C)
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4) Frothing test LRIk saponins

Saponins WUl lufivviateyiia 15lungu amphipathic glycosides Tu Turanaiiniiae
hydrophilic glycoside moieties Ay lipophilic triterpene derivative HanyaeniAye Lﬁ’e)!,‘llﬂ' 10814
useluasazarenii Mamlea (froth) (Hostettmann and Marston, 1995: Silva et al., 1998) HaUaAT
fi saponins WU31 MLE/e t1as MLE/w) iAo uas MSE/w fvleaunndiga 15 honeycomb g4
31 2 HavInAdveaINaziadeseguINa 10 w1H luvmsi MLEe nas MLEAw 1%
honeycomb g415118 1 cm (Figure 3.6, A) udiiieBududr0nsAy NaOH WU MSE/e W9
11N91 MSE/w, MLE/e 1182 MLE/w (Figure 3.6, B) 182 110608 saponin glycoside 228 HC1 1%
111 aglycone sapogenin &' liiT a3 ofiveafosunn asaiana 4 wiialide (Figure 3.6, C)

HAAINATANALUNANNNFUAN saponins THTNIUNA1INY (Trease and Evans, 1983)

MLE’e MLE/w MSE/e MSEAw MLE/e MLE/w MSE/e MSE/w MLE’e MLE/w MSE/e MSE/w

Figure 3.6 Frothting test of mintweed extracts. A, after shaking, B, after adding NaOH and shaking, C,
after adding HCl, boiling for 10 min and shaking. MLE/e, mintweed leaf ethanolic extract; MLE/w,
mintweed leaf water extract; MSE/e, mintweed seed ethanolic extract; MSE/w, mintweed seed water
extract.

amsngnuni lumsasalutazmdausdnmdmsnmaremain TLC udrwannd
(develop) A28N13AANY TLC plate AI8E15ATINRNIE tazmalianadoulfnseinaisiiay
agduamsasramiaangnuailludisanalasssingluegal Table 3.4 wulia1s phenolics
11ae terpenoids 1UA1TEANA W4 wila (MLE/e, MLE/w, MSE/e, MSE/w) ¥ essential oils 481
tannins 11 MLE/w, MLE/e a2 MSE/e 116 13w v 14 MSE/w @34 saponins Wuilmwig luans
afamdamniunaly MSEAw 1ag MSE/e 1ag alkaloids nuiimwng 1y MSEw ansaiana 4
wiia'l3id coumarins, anthraquinnones l9¢ cardiac glycosides ?]qm'n%uﬁ 15d ﬁ/ﬂlmdﬁﬂmmm’%’lﬁ 4

H
aA

a wa . .
AN INgAANNNAMauITA U antioxidants
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Table 3.4 Summary of phytochemical screening of mintweed extracts isolated by Thin Layer
chromatography (TLC) and specific test detection.

Phytochemical category MLE/e MLE/w MSE/e MSE/w
Phenolics’ + n + "
Terpenoidsb + + + +
Essential oils® + + + .
Tanninsb + + + _
Salponinsb - - + T
Alkaloids’ - - ; n
Coumarins’ - - - -
Antraquinones" - - - }
Cardiac glycosides" - - - i
Antioxidant activity" + - + +

“+” present; “-” absent; 'Detected by TLC; "detected by TLC and tests with specific reagents. MLE/e,
mintweed leaf ethanolic extract; MLE/w, mintweed leaf water extract; MSE/e, mintweed seed
ethanolic extract; MSE/w, mintweed seed water extract.

AFANALUIANAD phenolics, terpenoids, saponins tannins LA essential oils W1 el
1951 alkaloids W3 pe19vzTiuatoonin Famsuenuazasiamasngnund luasasauuadnan
ﬁﬁﬂﬂﬂé}@\‘]ﬁlﬂﬂﬁ'lEJ'fﬂ‘(’N'luﬂ15ll8ﬂﬁ1iﬁﬁ/ﬂﬂ1ﬂlli~lﬂﬁ}ﬂﬂ1 (Das Prabhat, et al., 2009; Mbatchou,
Abdullatif and Glover, 2010; Moreira, de Oliveira Lima, Wanderley, Carmo, and de Souza, 2010;
Pachkore and Dhale, 2011; Shaikat, Hossain and Azam, 2012) §31891u1d2ul5znouve
essential oils YO IUUIANATAD AT sabinene, limonene, biclyclogermacrene, B-phellandrene
(Azevedo et al., 2001), 1,8-cineole, (E)-caryophyllene, i8¢ spathulenol (Oliveira et al., 2005) 173
P PTTBE 1T (TTTIRME SETIE. o (Singha and Handiquea, 1997), 814N150M1aY (Grassia, et al.,

a

2006) V1LAT Y 1AL F0YAUNTE (Asekun, Ekundayoa and Adeniyib, 1999; Khamsan et al., 2011)

q

a 4 <3 ) 4
ﬁ'mmsmw)mmwaamm (Manosroi, Dhamtano, and Manosri, 2006) yazgmi lfmadaenyy

apoptosis (Cha and Kim, 2012) ﬁl”J‘LATerpenes QY tanins ﬁqm?ﬁmﬁ?@@ﬁuﬂ’%é(Joshi et al., 2008;
Akiyama, Fujii, Yamasaki, Oono, and Iwatsuki, 2001) AUy Lﬁuﬁi’mwwaﬁ (antiproliferation)
(de Almeida, Rios-Luci, Padron, and Palermo, 2010; de Melo, et al., 2010) Lasvga ’334] INTLHA ’c{
(cell cycle arrest) Mmldwadaindiaieny apoptosis (Chen et al., 2009; Chen et al., 2010) 4 i
516971UN saponins 61 E%Qﬂﬁlﬁ]aiﬂg"llﬂﬂl‘ﬂfa auazi Wiyad apoptosis (Tin, Cho, Chan, James and

’ L g y X @ o q Y 7 a .
Ko, 2007) @9U alkaloids Wuasauiliesen (Zupko et al., 2009) wazsni Ivaaing apoptosis
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Y 1
(Li, et al., 2008) SAUUATANAUNIGAANAT bioactive HarwsHaNvz I anauenuazIve

ao 1 ivowan 19 ua1sSnuens/1sn lavaieed1s

3.42 U3u1a Total phenolic compounds (TPC) ttag Total flavonoid (TF) contents 14815
anauusanm
PBInamnanuaveq phenolic compounds (TPC) ttazveanlarlauesd (TF) luansana
Tunazindauuadnaidalu Table 3.5 Usingirarsanavinlunusdnaiiiars TPC uaz TF
NN ARANININAR 1Az ARARIY 70% ethanol 1¥A/3378 TPC 1Az TF wnnhaiadierh
e TpC TumsadauusdnaFoudeunntzuamn ldesaudaudai
MLE/e (370.02 = 7.10 mg GAE/g) > MLE/w (319.45 + 8.67 mg GAE/g) > MSE/e (135.92 +2.17 mg
GAE/g) > MSE/w (77.02 +2.05 mg GAE/g) (Table 3.5, column 2) Lag
e TF Tuansasauusdnamuiinnun livilesaudgudai MLE (278.81

+3.40 mg CAE/g) > MLE/w (240.81 = 5.01 mg CAE/g) > MSE/e (86.28 + 0.67 mg CAE/g) > MSE/w

(15.38 £ 0.21 mg CAE/g) (Table 3.5, column 3)

Table 3.5 Total phenolic compounds and total flavonoid contents of mintweed (H. sauveolens)
extracts. Data were mean £+ SD., (n = 6).

Extract Total phenolics Total flavonoids
mg GAE/g dried extract mg CAE/g dried extract
MLE/e 370.07 £ 7.10° 278.81 +3.40°
MLE/w 319.45 + 8.67" 240.81 +5.01°
MSE/e 13592 +£2.17° 86.28 +0.67°
MSE/w 77.02 +2.05 15.38 +0.21°

Different letters within the same column were significant difference (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

<3 1 [ < @ ]
1111471 70% ethanol gaNsnanaa1s TPC tag TF 910 lutazmaauasana lduinna
v = 1 o
anadqe11 Iuriueufetuasanaanlull TPC uag TF MINANEITANANNMUEAA 11T
a d a dy Y Y = v W v Y
Ans1z¥ilTuaues TPC uaz TF tlawadoandodldlumaderduiumsnenaisanaaie
MANA TLC (Vo 3.4.1.1) uag MINAAOUITANAAIIE1TNIAY (V0 3.4.1.2) @15 polyphenols

. I a o J a 1% A A wa . . .
19 flavonoids Lﬂumiwammmﬁismmmiwaﬂmmwwuﬂmﬁwmﬂu antioxidants (Rice-

L)
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vans, Miller, and Paganga, 1997; Heim, Tagliaferro, and Bobilya, 2002; Stevenson and Hurst, 2007;

Wojdylo, Oszmianski, and Czemerys, 2007)

3.43 Antioxidant activity ¥@3a13anAUNIANA
3.4.3.1 Free radical scavenging activity (DPPH)

a131dsznousIsuMIAateyiia lunguals Al (secondary metabolites)
1Y phenolic compounds, terpenoids 481 alkaloids ﬁﬂmﬁ yiiAdIHeRATATY (antioxidant activity)

o w a I 1
Taof19AoYYad eI (free radicals) DPPH® @13 antioxidants 11/ uf 1% hydrogen un DPPH® ‘l4
~ = = aan A S I3 A A A
DPPH-H Tuianaftades dvesanslulfnsen/asunn auruiluamass tazaanisgauedan

o . .. o ¥ . ' Yy 9 { o o
A-515nm A1UIUN Y% scavenging activity 1un15M9 free radicals Az AIANMAGNIUN TR/

v
v %

. L .
8318 50% (half maximal inhibitory concentration (IC,;)) HtHudSurauvesarshndoanisly

o w =2

MTARSINT U4 free radicals AT 1UNTZUIUMININFTIINGT WU scavenging activity VOIAS
ﬁf‘fﬂ”l,mgmé”ﬂmﬁim% M9A free radicals IANIANNANTAAANNNAALNIGNAT LA ATARAAIE
70% ethanol 13910 TULALIEAILISNANRTA radicals Tdunnasafadieh Uszansam
a9 free radical DPPH® 40413 NALANGNANUT N IUEIAVINAT IC,, §ail MLE/e (9.26 £ 0.08
ug/ml) > MLE/w (10.89 + 0.70 ug/ml) > MSE/e (32.8 5+ 0.05 ug/ml) > MSE/w (147.17 + 1.67
ug/ml ) (Table 3.6)

Y

WenfSouiioy IC,, Y TaNAINANAINUAITNIATIIU catechin 1AL ascorbic acid 1AAIH

IC,, (ug/mL) IC,, (ug/mL)
MLE/e < Catechin 3.47 1M MLE/e < Ascorbic acid 2.20 19
MLE/w < Catechin 4.08 111 MLE/w < Ascorbic acid 2.58 11
MSE/e < Catechin 12.30 (11 MSE/e < Ascorbicacid 7.78 11

MSE/w < Catechin 55.12 111 MSE/w < Ascorbic acid 34.87 1M1
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Table 3.6 DPPH free radical scavenging activities of mintweed (H. sauveolens) extracts and of the
standards, catechin and ascorbic acid. Data were mean = SD., (n = 3).

Sample Conc. (pg/mL) % inhibition IC,, (ug/mL)
MLE/e 5 28.56 = 0.66
7.5 41.04 +0.35
10 53.39£0.50 9.26 + 0.08°
12.5 66.89 + 0.50
15 78.85+ 1.10
MLE/w 5 24.01 0.28
7.5 33.64 £0.56
10 46.06 = 0.93 10.89 +0.70°
12.5 58.10 + 0.36
15 68.17 + 0.58
MSE/e 2.5 5.93 £0.10
12.5 23.85+0.78
25 40.58 +0.51 32.85+ 0.05°
375 57.16 £ 0.65
50 71.94 +0.50
MSE/w 50 18.21 +£0.52
100 34.84 +1.71
150 53.22 £0.77 147.17 + 1.67'
200 66.83 + 1.62
250 81.33+0.31
Catechin 2 40.83 +1.42
3 55.42 +0.43
4 66.06 £ 1.25 2.67 +0.06"
5 79.96 + 1.18
6 91.95 +0.51
Ascorbic acid 2 25.02 +£1.33
3 35.53 +£0.48
4 47.14 £0.10 422+0.01°
5 58.81 +£0.37
6 70.74 £ 0.55

Different letters within the same column were significant difference (p < 0.05). MLE/e, mintweed leaf
ethanolic extract; ; MLE/w, mintweed leaf water extract; MSE/e, mintweed seed ethanolic
extractMSE/w, mintweed seed water extract; CA, catechin; AA, ascorbic acid
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1310911 A1 TAAAAULUITAAIAIY methanol HUTLANTANAD free radical scavenging
activity g (f"h IC,, A1) IC,, 7.49 ug/ml (Ghaffari, Ghassam, Nayaka, Kini, and Prakash, 2014) 913
analuuuedna1AIe methanol Hf IC,, 14.04 ug/ml (Gavani and Paarkh, 2008) FaroAN0INL
)
HAN5I38UHIANAAY ethanol 116 Nantinon et al. (2007) 3184914 radical scavenging activity Y9
. . o A ' 9 A .. o =2 g Y1
essential oil LUIANAT WA IC,, ADUVINGY (3.27 mg/ml 13D activity A1) viluldnanuense
o v v [ { 1 @ 4 o Jd
1un157199 free radicals VOIAITANAUNIANAINUANATINY 91014199910 APNUTIDEY (variety)

Q

A AA A . g A A an A o A1 o
UDINY ﬁﬂWuci/]W"]flﬂiﬂJ (location) Qﬂlﬂﬂlﬂﬂjw% LHAZITNITATINTITANANANNNU

3.4.3.2 Ferric reducing antioxidant power (FRAP)
FRAP (D u35 30512 m1anudud unavuanve antioxidants Tunaas st
a . . ~ . 9 I = I o 1 dy [
FITNWIA 1AUETT antioxidants 1128w ferric 191131 ferrous &9 FRAP 10l ud19wdnen1nues
antioxidant activity ¥99815a 1A (Benzie and Szeto, 1999) a13aAaluuNIanmIa1 FRAP gani
asatawan Uszus 4-6 w1 uazansanaluuaziu@nfig 70% ethanol A1 FRAP g4ni1ans
4 1 (% U U dai
anaale1i1 A1 FRAP voda1sanauudanissaa1nuinlifesdatl MLE/ (8.52 +0.44 uM
FeSO,/mg) > MLE/w (6.27 +£0.03 uM FeSO,/mg) > MSE/e (2.01 £ 0.35 uM FeSO,/mg) > MSE/w

(1.36 £ 0.00 pM FeSO,/mg) (Table 3.7)

Table 3.7 Ferric reducing ability power (FRAP) values of mintweed (H. sauveolens) extracts,
catechin and ascorbic acid. Data were mean = SD., (n = 3).

Sample/standard FRAP
(UM FeSO,/mg dried extract)

MLE/e 8.52 £ 0.44°
MLE/w 6.27 +0.03°
MSE/e 2.01 £0.35°
MSE/w 1.36 £0.00"
Catechin 16.26 +0.65°
Ascorbic acid 19.31 +£0.22°

Different letters within the same column were significant difference (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; CA, catechin; AA, ascorbic acid
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Wonfieuonn1 FRAP 521719004a15anauueanAasa1suInsgIu Catechin 1Az Ascorbic

< 1 [ 1 1 @ f
acid 921711 FRAP Y0d@senalia1iosn1uesd1snasgiuaail

FRAP (uM FeSO,/mg dried extract) FRAP (uM FeSO,/mg dried extract)
MLE/e < Catechin 1.91 i1 MLE/e < Ascorbicacid 2.27 1M
MLE/w < Catechin 2.59 11 MLE/w < Ascorbic acid ~ 3.08 111
MSE/e < Catechin ~ 8.09 11 MSE/e < Ascorbicacid ~ 9.61 191
MSE/w < Catechin 12.00 11 MSE/w < Ascorbic acid 14.20 1911

Antioxidant activity YBIEIANALNIANAIATIZH 1ARINT 5N DPPH radical scavenging
1A AIN33U ferric reducing ability power doanana 1 lumaderiu ude arsadaluuuadn
A3 antioxidant activity INANENTANAARA LAZATANAAE 70% ethanol 1 antioxidant activity
wnndrensanadier (Table 3.8) sl antioxidant activity veaasafauuadnatoon31v04
ATNINTTIU otiinsninansasadluans asaeY (crude extracts) llafkﬁﬁrm?q{w%miuﬁwa

1AV F90 NI UNATTHANTZNUABURNT 0181 DPPH reagent 1oz FRAP reagent

Table 3.8 Summary of antioxidant activities of mintweed extracts analyzed by DPPH radical
scavenging and ferric reducing ability power (FRAP).

Sample DPPH FRAP
IC,, (ug/ml) (uM FeSO,/mg extract)

MLE/e 9.26 + 0.08° 8.52 £ 0.44°
MLE/w 10.89 % 0.70° 6.27 +0.03°
MSE/e 32.85+0.05° 2.01 £0.35°
MSE/w 147.17 + 1.67' 1.36 +£0.00"
Catechin 2.67 +0.06° 16.26 = 0.65"
Ascorbic acid 422+0.01° 19.31 +0.22°

Data expressed as mean = SD (n = 3), 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; CA, catechin; AA, ascorbic acid
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3.4.4 Cytotoxicity VIaTANAUNIANA
I a 1 4 L. = X Yy 9
AN unyaesaa (cytotoxicity) VDITITUONHIANTIVUITONATDULUDIAUAIY
. . . 99y . . I v J9Y

Brine shrimp lethality assay (BSLA) 61‘1)’@30]68 Artemia salina \UTAIAULVUNAADI UBNIIN
NATBY cytotoxicity 1187 BSLA §anaaoy pharmacological activity Y9319 HANNUNTITUIA
NANFUAZ TR ’ﬂﬁl #e (Pelka, Danzl, Distler, and Petschelt, 2000; Carbello, Hernandez, Perez, and
Garcia-Gravalos, 2002)

. @ o 1 I
TuUMINATOY cytotoxicity VOIETANAUNIENAIAIY BSLA W11 MLE/e Hanuilu

v
a =

! . [ Y 1w
WBgaNiga A1 lethal concentration 50 , LCy, A ud Ui 1% Relooa18 50% 19110 360.48 ug/ml
1 24 ¥y 509090170 MSE/w tag MSE/e 43I LC,, 470.60 ug/ml 118 LC,,708.26 ug/ml
MUAIAY @21 MLE/w Uf1 LC,, 1,282.47 ug/ml (Table 3.9)
] I (% 1% ' %
9819 15NA cytotoxicity YOIANTANAUNIANAIFINI cytotoxicity YOI Catechin B3]
LC,, 2,332.00 ug/ml Y5310 2 — 6 111 LA WPHNIN cytotoxicity Y94 Ascorbic acid 110 HakA
LC,, 13.77 ug/ml 151101 26-93 1911 (Table 3.10) U3E@ANTAIMN cytotoxicity YD ascorbic acid g4
g dqu v 9 g < . L3 a £ . oy
nanlgauiuiudos 01910 UINI 12 ascorbic acid Lﬂuﬁﬁ‘]ﬁiﬂl‘ﬁ (Hanashima abd Namiki,
v 1
1999) ua luasanaunsanar livi ¥ dsdesais ieaetlesun duiulonSoufounuans
¥ a dy . . v [ =2 A < a 19 A
WIATFIUNY 2 ¥ilall Tean1g Ascorbic acid ETANALMNANATINANMYUNYADNIHOY HT 0

4 a9 A 9 Aa A 1 o @ A 3 A
L%aaﬂﬂ@uaﬂm'lﬂ L!a3ﬁ'lll'lfiﬂlaﬂﬂiﬂfﬂigﬁﬂﬁﬂ']Wﬁ'Na] "Uﬂﬂﬁ1§ﬁﬂﬂllnQﬁﬂﬂ11ﬂﬁ5@&na@ NI

anARw ethanol vi3o1itlsvgnd 1915 Towl Idauilsviduidesms 1d
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Table 3.9 Cytotoxic effect of mintweed extracts assayed by brine shrimp lethality assay (BSLA)
at 24 h. Data were mean = S.D., (n = 60).

Extract Conc. (ug/mL) % Mortality LC,, (ug/mL)
MLE/e 250 1.67 +£0.40
300 11.67+0.75 360.48 (344.02-381.05)
350 35.00 £ 1.87
400 83.33£1.03
MLE/w 500 3.33+0.51
1000 23.33+1.50 1,282.47 (1118.26-1457.79)
1500 75.00 £ 0.54
2000 83.33+1.86
MSE/e 250 8.33£0.98
500 18.33 £0.75 708.26 (594.32-874.67)
750 55.00 £ 1.87
1000 80.00 +2.45
MSE/w 100 1.67 £0.40
250 8.33£0.98 470.60 (294.94-808.63)
500 45.00 + 1.38
1000 100.00 £ 0.00
Catechin 2000 4333 +1.21
4000 65.00 = 1.04 2,332.00 (1848.36-2736.94)
6000 85.00 £0.83
8000 100.00 £ 0.00
Ascorbic acid 5 11.67£1.16
10 20.00+1.41 13.77 (11.44-16.70)
20 73.33 £1.50
40 100.00 £ 0.00

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; AA, ascorbic acid
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Table 3.10 Comparison of cytotoxic efficacy (LC,,) among the extracts and the antioxidant standards,
catechin and ascorbic acid.

Extract LC50 Cytotoxic efficacy (fold)
(ug/ml) as compared to standards
MLE/e 360.48 MLE/e >CA 6.47
<AA  26.18
MLE/w 1,282.47 MLE/w > CA 1.80
<AA 93.00
MSE/e 708.26 MSE/e > CA 3.29
<AA 51.44
MSE/w 470.60 MSE/w > CA 4.96
<AA 34.00
Catechin 2,332.00
Ascorbic acid 13.77

MLE/e, mintweed leaf ethanolic extract; MSE/e, mintweed seed ethanolic extract; MLE/w, mintweed
leaf water extract; MSE/w, mintweed seed water extract; CA, catechin; AA, ascorbic acid

3.5 agilwamisnaaea

a

arsnasgi/mgnuailluasanaunsanaiuenlag TLC uag specific reagent test W13l
?f”l'i‘l(]@lflaﬁ (secondary metabolites) ﬁﬁ“ﬁ phenolics (LA terpenoids WﬂﬁﬁﬂiuﬁWiﬁﬁﬂ1ULLa$LM§ﬂ
ANAAIY ethanol uazﬁﬁ essential oils 491 tannins qﬁﬁiuﬁiiﬁﬁﬂLﬂaﬂﬁﬁﬂﬁiﬂﬁi saponins
uag alkaloids Wuilmwiz luasadawda  arsadauusdnainnyiialinuil coumarins,
anthraquinones 48 cardiac glycosides @15¢ ﬁﬂlluﬁﬁﬂmnﬂ%ﬁﬂﬁﬂmﬁuﬁa antioxidant activity

a15enaluuuIanall total phenolic compounds 1@ total flavonoids YTMuINNIET
afawia nazaeande i uAMANA antioxidant activity F431AT12HAINTTUAIY free radical
scavenging 101& ferric reducing ability power @3¢ Aaludle ethanol I cytotoxicity 3J1ﬂ‘ﬁf,:{ A GT'N
asstufuansasaludrerhil cytotoxicity ﬁaaﬁqﬂ Lﬁm‘ﬁﬂuﬁuawaumagmhamwwﬁ’u
ascorbic acid 15afALean 1T cytotoxicity Aoadaliainlng

U519 total phenolic compounds, total flavonoids, free radical scavenging (DPPH), ferric

reducing ability power LI01% cytotoxicity @7 1590 1u Table 3.11
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Table 3.11 Summary of some components and properties of mintweed (H. sauveolens) leaf and seed

extracts.
Extract TPC TF DPPH FRAP Cytotoxicity
mg GAE/g mg CAE/g IC,, (ug/ml) uM FeSO,/mg LC,, (ug/ml)

MLE/e  370.07+7.10° 278.81 £3.40° 9.26 +0.08° 8.52 4 0.44° 360.48
(344.02-381.05)

MLE/w  319.45+867° 240.81+5.01" 10.89+0.70"°  6.27+0.03° 1,282.47
(1118.26-1457.79)

MSE/e  13592+2.17° 86.28 +0.67° 32.85+0.05  2.01+0.35° 708.26
(594.32-874.67)

MSE/w  77.02+2.05° 1538 021 147.17+1.67° 1.36+0.00" 470.60
(294.94-808.63)

Catechin - - 2.67 +0.06" 1626 +0.65°  2,332.00
(1848.36-2736.94)

Ascorbic - - 42240.01° 19.31 +0.22° 13.77

acid (11.44-16.70)

Different letters within the same column were significant difference (p < 0.05), 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
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vousaauzizaa1 1d1nn) 2 a19Wug LoVo az HT29 N520% G1 (Kaur, Mandair, Agarwal and
[ < 2 A o ?zl,z a 4 3 o ]
Agarwal, 2008) ENSANAMAAAUI (Litchi chinensis) SUSIMIs yvouraauzizid 1d1va) 2 e

WUF Colo320DM 1Az SW480 #i G2/M (Hsu, et al., 2012) N15ABUTUDIADAITANAAIIY VD4

4
v A 1

J < 1 o IR ] A [ g < a a o 1

Lcﬁaamlmmaxmﬂwumﬂummuﬂu MUUTIS ‘IJL!L“WT]%FI’J'HJWﬂﬂﬂ@]‘llf)\i“l"lll‘ljﬂiﬁllsllﬂ%m
J A A o A A aa 1 =) ' %’, 1

azwaamﬂwuﬂummuﬂu nsonalnAN genes ANNU HJ genes HHATUUDIIAD VT UDIADT T

NIDUAAIDDNAIINL

a 4 £ @ % 1 a A o 4 . . v @
WUATICHONTUDIFITIANALUIANATADNITLITIULNNITUIULE DD (cell prohferatlon) 19079

J = [ [ . J <3
e (cell cycle) L!,aﬂﬂmuﬁimﬂﬂ’mﬂu HAZNITNININYLUDY apoptosis VDIULBAANSLIITY

Y]

U

oA,

d
43 gunsamazitsms
43.1 MSMIINATANN

o I o 2 an A
mim%nmiﬁﬂﬂslmmzmamgmaﬂm 'ﬂflﬁ&'t’]ﬂﬂﬁl,uﬁl‘ﬁﬂTi Unn 3

4.3.2 M35A38N normal lymphocytes (peripheral blood mononuclear cells — PBMCs)

@deavninaugunmilna ldasunueyAszRaINsUIAITIAeA @n1nwa lng @11
S TAuATTIYEIN HaAeARINUA (whole blood) ) Phosphate buffer saline (PBS), pH 7.4 1u
gadIu 1:1 (v/v) pipet ﬂmﬁi’)ﬂuéj’aﬂlﬂﬂﬂ] 714 VUAIVO4 Histopaque-1077 (Sigma-Aldrich company
Ltd, St. Louis, MO, USA) ‘ffu L‘Vi% 83UV U density-gradient centrifugation ﬁ 400 x g30 U1 ‘ﬁﬁ
gaIngUNeI 11N peripheral blood mononuclear cells (PBMCs) Tngfinge @ﬂ%uﬁﬁ NHULYUV
ﬂiiﬂgﬂﬁjizﬁiiﬂ%}lu Histopaque Ay 6l??c‘Iﬂl plasma (Figure 4.2) é19a91u 15-ml conical centrifuge
tube éﬁﬂcﬁaﬁ' PBMC GQ]I'JEI PBS Lgazﬁuuﬂﬂmaﬁﬁ 250x g 10 ‘Lﬂﬁ ﬂTﬂ&uLW’]gléﬂﬁlcﬁﬂﬁ PBMC

] A o 9 9 P
A28 complete RPMI 1640 M9 U tWe 11 monocytes L1ag platelets INMZAANUNUYIAM@E (306 ADY

1IUAD lymphocytes’PBMC’s 111 1 inaaesde 11/
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Figure 4.2 Peripheral Blood Mononuclear cells separation by density-gradient centrifugation in

Histopaque-1077 (Hofmann et al., 1982)

4.3.3 ﬂ'lﬁ!‘l/‘n%!awﬂﬂ!"lfﬁé

Jurkat (human T leukemia cell line) “%’ 8910 Korean Cell Line Bank (Seoul, Korea) HepG2
(human hepatocellular carcinoma cell line), MCF7 (Michigan Cancer Foundation-7 / human breast
cancer cell line) 148 PC3 (human prostate cancer cell line) 0?35’ 9910 ATCC (American type culture
collection, USA)

Lgﬂ 3 PBMC’s, Jurkat cells ttag PC3 cells 11 RPMI 1640 medium (&3 UA28 10 % fetal
bovine serum (FBS), 100 IU/ml penicillin L8 100 g/ml streptomycin U HepG2 itag MCF7 cells
!éﬂ alu high glucose DMEM medium tag1a35 @28 10% fetal bovine serum (FBS), 100 TU/ml
penicillin 118 100 g/ml streptomycin sadnanuAEeely 75-cm® flask uazﬁﬂué’ﬂmﬁ 95%

4
ANUFUDINA 5% CO, QU 37°C

4.3.4 Cell proliferation assay
a o : I a @
Cell proliferation UAI12% 1a8 AlamarBleu (AB) assay Fudumaialunsia proliferation Y8
s & 7 _an . L.oA = . . .
Uszmnsigaaninue  aalnddl metabolic activity Nnawsoagu fluorometric/colorimetric
growth indicator 14 medium 195 0aua91300d 1iela fluorometric/colorimetric growth indicator
Y P v <
waza1snaaodlu growth medium @eaeyan  indicator ¥UUF oxidation-reduction (REDOX) 2%
1 1 I o

ADUTAUDIAD chemical reduction/oxidation & ¥ 314 respiration 1Wumaan cell growth 111 i)
. . A 4 ¥ A a 9 .o 1 13 A '
indicator tasunaseatasuaz g blut‘ﬂﬂuﬂ AB Gl,GIf resazurin Gﬁﬂa%aTﬂiuu%La{lﬂJﬁJUWHﬁ@

¢ A ¢ & {a X2 g
5ad 1o resazurin Lsﬂ}ﬂu!ﬁ]ﬂaa 9N metabolized 13U resorufin (Figure 4.3) resorufin IGEEAEIA

S A

dAdIUNY metabolic activity Y9319 ’53J ¥ (Orton and Pognan, 2000; Al-Nasiry, Geusens,

Hanssens, Luyten, and Pijnenborg, 2007; O’Brien, Wilson, Markaki, 2009)
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in viable cells
| "

Q- Reducing environment
N

+

o)

-0 0 -0 o 0
Na* Na*

Resazurin sodium sait Resorufin sodium salt
weakly fluorescent strongly fluorescent

Figure 4.3 AlamarBlue® assay principle (Markaki, 2009).

Lgﬂﬂlmaﬁ PBMC ﬁ 1 x 10° cell/well t1ag Jurkat cells 171 2.5 x 10° cells/well 11 96-well plate
1UY clear flat bottom (Costar, Corning Incorporated, NY, USA) tiae L?;IEN HepG2, MCF7 uag PC3
i 1.5 x 10 cellsiwell 1H131105 100 uliwell U 18 31 150 24 3w ldasanauusdnainate
ANUANTU TN 100 uliwell YN 24 uag 48 ¥4 ud21d 10 ul AB (Invitrogen, CA, USA) iAo 4
YU YA excitation wavelength ﬁ A-540 nm I8¢ emission wavelength 171 A-590 nm @78
Spectrofluorometer (Spectra MAX Gemini EM, Molecular Devices, CA, USA) 14 0.02% v/v)
DMSO 131 blank control 1115 NAABY triplicate i1UIM % cell viability (18 % half maximal

inhibitory concentration (ICs,)

Fluorecene of sample — Fluorecenc of blank

% Cell viability = x
Fluorecene of control— Fluorecence of blank

100

4.3.5 Flow cytometric analysis

AUATIEH cell cycle Tag flow cytometry 1435 v04 Chen, Hsieh, Chang and Chung

o a 3 9 X 6
(2004) nazlsulaswanios 1889 Jurkat cells 1 x 10° cells/well 114 6-well plate (Nunc,
Denmark) YN en3aia HUsaa 0, 6, 12 1ag 24 ¥ 1A centrifugation 11 400 x g 5 WM
419478 PBS 3 AF9 13IN32 0181508 114 500 ul PBS 9101 1UAD4 (fix) 11 4 ml 70% ethanol
) ' L vy a 4 o < Y d' ) s ¥ v

wouweun1e N9 13MeAUN -20°C 101 fixed cells TasalumIos a19ead 2 ATIAIY 0.1%
BSA 11 PBS 4a30%AY 3.8 nM Sodium citrate, pH 8.45 %43 100 ug/ml RNase A 14a% 0.5%

Tritox X-100 30 419 N1 37°C  §oUIBAaAIY 50 ug/ml Propidium iodide (PI) (Gibco, NY,

=

] A A Y A Ay g % .
USA) m"lﬂu‘nummzmmu‘n UMYV ﬁﬂﬂuu!lﬁlﬂl‘ﬂfﬁﬁi@ﬂ fluorescence-activated cell
v

Q

sorting (FACS) / Flow cytometer (L& A8 Cell Quest Pro Software (FACSCalibur, Becton

Dickinson Biosciences, USA.)
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4.3.6 Apoptotic analysis
Lé}ﬂﬂmaé{ Jurkat cells 17‘] 1 x 10° cells/well Tu 6-well plate Uaanuensana MLE/e ﬁ
ANMUITUTI 400-800 ug/ml 0-24 1 IAUIFAA 1A centrifugation 71 400 x g 5 UNT A19&70 PBS 3
a%4 Sou15adae Annexin V-FITC a2 Propidium iodic (PT) A 1eazidonlugaasveaniin
EXBIO (Czech Republic) 111 a8 5 x 105 cells 1a 11 100 ul 1 x binding buffer 14 5 ul Annexin
V-FITC (EXBIO, Czech Replubic) a2 5 ul PI §ouisag 5 w1 ﬁqmwgﬁﬁ’emaﬂuﬁﬁﬂ ududan

400 ul 1 x binding buffer HAZINIIZHAY Flow cytometer

4.3.7 SDS-polyacrylamide gel electrophoresis {ta% Western blot analysis

U3 Jurkat cells 4 x 10° cells 11 6-well plate A1 400-600 ug/ml MLE/e 0-6 ¥ 1
1¥08 1A8 centrifugation 414A28 PBS 2 afs Mldwaduande lysis buffer Fa1l5zneudae 50
mM Tris, pH 8.0, 150 M NaCl, 5 mM EDTA, 0.5% NP-40, 0.5 mM PMSF (L@ ¢ protease inhibitor
cocktail 30 W1 Tung ﬁmﬁﬁa AU cell lysate Tay centrifugation ‘171] 14,000 x g ﬁ 4°C30 W19 In
YSuaTdsanlu lysate 10875 Bradford assay (Bradford, 1976) tenTisauIagii 40 ug nonlu
12% SDS-polyacrylamide gel electrophoresis (PAGE) ‘1711 120 V ﬂﬂ“ﬁ 1 ¥U mm‘?um‘%au Western
blot 1A electrotransfer 718 1U5AU1N SDS-PAGE @890 nitrocellulose membrane ﬁ 400 mA ﬂﬂ“ﬁ
4°C 4 3 Yaans nonspecific binding sites U1 blotted membrane fe blocking reagent .5]:;\1
Usznouaae BSA 11 Tris-buffer saline t1az3i 0.1% Tween-20 (v/v) (TBST)  11a¢ 3% BSA §1%51
N13IATIVN cyclin D1 LLag 5% BSA FIMTUNITATIVNN cyclin E, cdk2, cdk4 118g actin 1
blotted membrane U1U 1 YU 17] QUNY 1199 819 membrane @28 TBS @211 membrane N
primary antibodies against anti-mouse cyclin D1, cyclin E, cdk2, & cdk4 (1:1000 Tu 3% BSA Tu

a9

TBST) 8¢ actin (1:1000 11 5% BSA 1u TBST) 3 ¥y figaivigiiffos §19 membrane #38 PBS 3
f %Q ERE T secondary goat anti-mouse IgG-horseradish peroxidase-conjugated antibody
(1:10,000 111 3% BSA T TBST) 1 3 figaingiiies §19 membrane @36 TBST 3 s uas TBS 2
a%q (antibodies W iMuAS91n Santa-Cruz Biotechnology, CA, USA) @a533n11dUsaulaeus

membrane 11 chemiluminescent detection solution 5 U191 LA autoradiography U X-ray film
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a J
4.4 HANIINAADIULASIVITIUNA
4.4.1 Proliferative effect Y9IA3ANAUNIANA
4.4.1.1 Proliferative effects Y93 3aNAUNIANAIAS PBMCs 11az Jurkat cells
£ A o 4 o o 1 I
NTADNITINUIIUIULE DD — proliferation effect "UE]\‘]fﬁﬁﬁﬂﬂllﬂﬂﬁﬂﬂW@ﬂL“ﬁaﬁlNﬂlﬁﬂﬂ
N ' s 3 I A ] 73 g s .
"’IJ'I’J‘]Jﬂﬁllﬁg@]’E]L"b'ﬁﬁllgﬁﬂlllﬂla@ﬂelﬂ']ﬁﬁlwuﬁ Fayaalal UisaaaoguuIu (suspension cells)
! a ¢ ¢ $ g
Tu plasma/ﬁ’ﬁ’m“riﬁlaﬁlﬂ AANTIEH proliferation YDIUFATAIY AlamarBlue (AB) assay oiums
= e o a 4 < a 4 £ [ [ 3’; 1 4
nﬁfmm&J‘]Jqmﬁﬁemaaﬂﬂmmzmaamm AUATICHONTVITITTANALUIANAININUAADLL AN
< Aa
Wadeavlnd peripheral blood mononuclear cells (PBMCs) Tagl% Catachin l1ag Ascorbic acid
3 U A =] = (% @ @ g = £
L‘]Juﬁ’liﬂ:]llﬂu W‘]J’J'll;ll'ﬁ]Lﬂiﬂﬂlﬂﬂﬂﬂﬂﬁ'liﬂ?ﬂﬂﬂ A1TANAUUIANATNINUAUYND
. . . 1 J A a 9y v 9 =~ 9 Y
antiproliferative effect V’Iﬂlclfaﬁlﬂﬂlﬁ@ﬂﬂﬂ?ﬂﬂﬁu@ﬂﬂ’]ﬂ Gl,u‘ﬂNmﬂﬂummmmﬂuuﬂiz@u
4 a o 4 1 £
proliferation vouyaalnd 1ufe proliferation Y93t¥aa PBMCs gau1nNI1 100% aﬂﬁ’uqm
{ < £ A X
Y99 MLE/w NIUda3 antiproliferative effect V19aney Laz f)NT proliferative effect AR
ANV (dose-dependent manner) (Table 4.1)
] 3 1 1
ag13 l3nn Antiproliferative effect ¥93 MLE/w 91® PBMCs §40119®83 MSE/w sz
1 v 9 1 . 1 9 1 . . 1 o w
10 (N7 aUD8NINIVDY Catachin 2 N1 LA UBYNITVUDI Ascorbic acid 1.77 1N a1AUVD
[ E4
antiproliferative effect 310110 1W1ioe Tasiouainal IC, N 24 ¥ Vosa15ana lanail
MLE/w (1,140.52 + 6.05 pg/ml) > MLE/e (1,356.17 & 136.78 ug/ml) > MSE/e (2,920.68 £+ 155.38
9
ug/ml) > MSE/w (11,366.26 = 266.28 ng/ml) @31l ldnarsanauusanarliduds uanszqu
. . I A a
proliferation Ypasaaaaoav1lna (Table 4.1)
@ [ 1 J < <
Antiproliferative effect ﬂl@ﬁﬁ']iﬁﬂﬂclﬂllil\‘]ﬁﬂﬂ'] MLEs @@L“ﬂﬁﬁﬂgﬁﬂuﬂlﬁ@ﬂqﬂ?ﬁ'lﬂ
o d £ A 2
WUT Jurkat (human T leukemia cell line) qmmumﬂﬁumumwmsﬁ% TUVDIAT (dose-dependent
1 Q'{ [ < [ a Q‘{
manner) GLulemZﬁf]ﬂﬁﬂ]@ﬁﬁ?iﬁﬂﬂlﬂﬁﬂl!ﬂﬁﬁﬂﬂ'] MSEs g]}ﬂ\‘lﬂ']iﬂiu']ﬂqu‘lll']ﬂ%eﬂllﬁﬂﬁi]‘ﬂ‘ﬁ
) Q( 1
‘Iridiﬂulllﬁi]‘ﬂ‘ﬁ antiproliferative effect (Table 4.2) antiproliferative effect Y93 MLE/e 919 Jurkat cells
1 1 Q( % U g}/
FINIUD MLE/w Y5281 1.65 1911 f)NT antiproliferative effect YDIF1THANALUUIDNAINIHUA
[ 2
Ao Jurkat cells 58981A0INYsLANTAIN A1 IC,, 1 24 31 TAAIH MLE/e (553.52 + 14.07 pg/ml)

> MLE/w (912.06 + 16.86 pg/ml) > MSE/e (2,385.95 + 81.28 pg/ml) > MSE/w (5,813.45 + 111.25

pg/ml)
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Table 4.1 Antiproliferative effects of mintweed leaf extracts on peripheral blood mononuclear cells
(PBMCs) by AlamarBlue assay at 24 h. Data were mean = S.D., (n= 3).

Extract Conc. PBMCs
(ug/ml) % viability IC,, (pg/ml)
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 £12.76"
400 82.35+0.60
500 67.91+0.80
Ascorbic acid 100 104.69 +2.50
200 103.61 +0.90 772.47 +79.13°
300 90.40 £ 1.80
400 82.40 £2.00

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.
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Table 4.2 Antiproliferative effects of mintweed leaf and seed extracts on Jurkat cells (human
T lymphocyte leukemia cells) by AlamarBlue assay at 24 h. Data were mean + S.D., (n = 3).

Extract Conc. Jurkat
(ug/ml) % viability IC,, (pg/ml)
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 49.35 +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 5813.45+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
Ascorbic acid 100 86.12 £4.00
200 40.45 + 6.40 211.29 + 13.40°
300 24.62 +5.80
400 12.04 +0.70

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.
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< 1 o o A
wirulanmsanaluunednal MLE/ 1ag MLE/w liasiau1ia antiproliferative effect
[ 4 <3 < A £ Y Y] A ~ 1
ABITAANITUTAADAY Jurkat cells LAZNT InARINUTIIAIUAN WorlFsumMauaina IC,,
§ (% < @ 1 A 1
Tuyaziensanamwdaunaannl MSE/e taz MSE/w lundagaiauiia antiproliferative effect AD
Jurkat cells
Y1 @ @ 2 = £ . . ' I3 A a
a31'1471 msanaanmNInualigns proliferation Avtadiladonv111nd PBMCs
@ o £ 1 4 <3 <
HazeIANA luLIIaNAT MLEs ﬁt]‘l/]‘ﬁ antiproliferation AvITAANZTUTADAVII Jurkat cells 11N
{ £ I Aa A
ﬁqﬂ LLﬁ%]‘V]‘ﬁL‘]JL!LL‘]J‘]J dose/concentration dependent U3E@ANTNIN (efficacy) Y04 MLE/e oy
71 Catachin Y5238 1.63 111 1a¢ 110N Ascorbic acid UY3zana 2.62 1M1 (Table 4.3) dIUa1S

v < o ] £ 1 J 3 <
ﬁﬂmmmgmaﬂ"lmm‘ﬁ antiproliferation AolyaaNISUNARDAVI Jurkat cells

Table 4.3 Comparison of the efficacy of antiproliferative effects (IC,,) of mintweed leaf and seed
extracts on PBMCs and Jurkat cells by AlarmaBlue assay at 24 h.

PBMC’s Jurkat cells’ Efficacy MLE/e on
Extract IC,, (ug/ml) IC,, (ug/ml) Jurkat cells
MLE/e 1,356.17 £ 136.78 553.52 £ 14.07 > MLE/w = 1.65 fold
MLE/w 1,140.52 +£ 6.05 912.06 + 16.86 -
MSE/e 2,920.68 + 155.38 2,385.95 + 81.28 -
MSE/w 11,366.26 +£266.28 5,813.45+111.25 -
Catechin 647.00 +£12.76 339.74 £ 14.55 > MLE/e = 1.63 fold
Ascorbic acid 772.47+£79.13 211.29 +£13.40 > MLE/e = 2.62 fold

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.

4.4.1.2 Proliferative effect Y99 MLE/e /10 HepG2, MCF7 uag PC3 cell lines
A g A o . . . o o ' s 9
erlunisaugu antiproliferative effect m@ﬁﬁ1iﬁﬂﬂ!lhﬁﬁﬂﬂ1@]m“ﬁaﬂh$Liﬂcluellf] 4.5.1.1

Y '
ﬂTD"VI@ﬁ’é]Qﬁﬁﬂlﬁ@ﬂm“I/\HZﬁ?iﬁﬂﬂiﬂllhﬁﬁﬂﬂ?ﬂﬁﬂﬂﬁlﬂﬂ 70% ethanol - MLE/e — LlagnNag o

MINLFAdNZITIDN 3 AEWUT Av (1) HepG2 human hepatocellular carcinoma cell line (2) MCF7

Q

. . 2 & s a
human breast cancer cell line 1 (3) PC3 human prostate cancer cell line @411 utgaanuuuaa
AUNUYBIIUIABA (attach cells) 1AZIATILHAIY AlamarBlue assay IaeiToudfisunnududy
VY84 MLE/e 52314 200, 400, 600, 800, 1,000, 1,200, 1482 1,400 ug/ml LAE 1381 24 BY UAT 48

B
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WU Had iU MLE/e 1041 800 ug/ml 111 24 ¥ MLE/e 1194 antiproliferative
effect ADL5AE MCF7 um‘ﬁqﬂ 64.04% (35.96% vialibility) iaqmmﬁaqm%m HepG2
antiproliferation 18 53.58% (46.42% viability) 11az @@ PC3 antiproliferation 1087 ga 12.07%
(87.93% viability) (Figure 4.4, A) 1o e Lﬁ@ VUI¥aauIy 4 8 YU antiproliferative effect L‘ﬁ U Glda;u
sz 1.25 1 antiproliferative effect A0 MCF7 Lﬁmﬂu 82.49% ¢ HepG2 Lﬁmﬂu 67.00%
ez Ao PC-3 1T 14.03% (Figure 4.4, B)

Efficacy Y89 MLE/e @@ antiproliferation vousaduz139 lasinnizdeisad MCF7 uay
HepG2 81611891081 1C,, 71 24 %1 1Az §i 48 ¥ (Table 4.4) efficacy Y89 MLE/c A9 MCF >
HepG2 >> PC3 1ag SIRTIIRIRY dose-dependent manner (Figure 4.4) ua Tty time-dependent

manner

Table 4.4 Comparison of the antiproliferative efficacy at 24 and 48 h of MLE/e on PBMC, Jurkat
HepG2, MCF7, and PC3 cells.

Cells / MLE/e efficacy IC,, (ug/ml), 24 h IC,, (ug/ml), 48 h
PBMC 1,356.17 + 136.78 -
Jurkat 553.52 £14.07 -
HepG2 866.06 + 16.44 798.28 £20.23
MCF7 763.12 +£9.51 707.45 +7.84
PC3 1,636.16 + 152.90 1,381.99 +43.85
A. MLE/e treatment, 24 h. B. MLE/e treatment, 48 h.
120 120 A
- HepG2 - HepG2
100 - MCF7 100 - MCF7
z+ 804 - PC3 z 80 -+ PC3
é 60+ é 60+
E 40 S 404
20 20
c ] T T T
00 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
Concentration (pg/ml) Concentration (pg/ml)

Figure 4.4 Proliferation of HepG2, MCF7, and PC3 cells after MLE/e treatment at various
concentrations and incubation at 24 h (A) and 48 h (B). Data were mean £+ S.D., n = 6.
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Ed
%

<3 1 o o A 1 4 <3 4
wru a1 ersanalunusdnalinmeautia antiproliferation ABIYAANZIZIAIORUTN
a 7 3 & A =2 g s a s 3 o 7 g 9
ﬂfumcﬁaa113mmmaaﬂﬂnwuﬂumaaa@mmu ALY YUALBAQANSLINAY EFAAUSLIIIATUHULIRS
J g 2 g I a . . o dy dy dy
L“Baﬁ1]3Liﬂ@]@llgﬂﬁﬂ'lﬂ“ﬁﬂlﬂul“ﬁﬁauﬂ? (eplthellal cells) agtUUNUNUIIUIAYY HaN1TNAaDIU
[ o 13 o .
uiiluasasaneny uanaeandoInUA1TNAABIVDY Priyadharshini and Sujatha (2013) &414
4
menthol 1182 linalool MINA1TENATULLNANAING ethyl acetate 1A MENA131HUSNTAI0 hexane
9y 4 v
uae ethyl acetate NAFOUNY MCF7 WUI1 NN menthol LA linalool HAAIYNTIVY
o v 4 . :
growth/proliferation Y93 MCF7 14U dose dependent Tushueenaieiu fi1129d Lamiaceae 34
I Jd [ @ = £ . . . ' J 3 [ L&l
L‘]Ju')ﬂﬁlﬂﬂ')ﬂﬂlmﬂaﬂﬂnﬁ]ﬂ‘ﬁ antiproliferation ADIFAANSLIILUVADYUVIULAS UV UVLUUN VN
4 [ @ g}/ a o {
mmﬁm ﬁ'?ﬁﬁ'ﬂﬂﬂlﬂ Hyptis mutabilis fJ‘UfNﬂWiﬁ]ﬁﬂul‘U@QLGﬁaaLﬁflﬂﬂﬂﬁnﬂ solid tumor/ascites 311
1 4 [ 4 1
%@Q‘ﬁ}’ﬂﬁﬂlﬂﬁﬁ}gm1ﬁ 2 AgNUG Ao sarcoma 108 1182 Ehrlich solid tumor 1811031 74%
(Ximenes, Melo, Magalhaea, de Souza, and De Albuquerque, 2013) &3¢ AAA2Y hexane 10 Hyptis
Y g‘/ a 4 3 o d . . .
martiusii VYINTRTUUDUFAANLLIIT1YNUT CEM (acute lymphoblastic leukemia cell line), HL-
60 (HeLa cell), HCT-8 (ileocecal colorectal adenocarcinoma cell line), MCF7 1@ ¥ B-16 (melanoma
. dy @ A o Y A < o
cell line) (Costa-Lotufo, et al., 2003) u@ﬂﬁnﬂufﬁﬁﬁﬂﬂiﬂ Lﬂaaﬂmmu 310 Lﬂﬁﬂﬂmﬁﬂﬂmﬂ Iag
£ ) . . 1 4 <
Anu04 AN Theobroma cacao WAAIHNT antiproliferation 7D 1FaaNLI54 HeLa, HepG2, MCF7
(Baharum, Akim, Taufig-Yap, Hamid, and Kasran, 2014) ag @415¢ Aaluveaiy genus
r'd
Philadelphus N7 antiproliferation 1® A431 (human skin carcinoma cell) (Valko, Pravdova, Nagy,
Gruncai and Fickova, 2007)
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e Imshauuesedvaz lusumenunsannauga (homeostasis)

4.4.2 Cell cycle effect VB IESANAIULIIANA
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@ 1 <3 ] a 4
UIANAIAD proliferation YDUFAAUZIFTIABWUT 5 ¥ilalute 4.5.1 Msnaassil Judenmwiz
% o o A a s £ o o A s g
I¥ATIONUT Jurkat INDWATIZHYNTUBIATANAUNIANAINUAD cell cycle VDAUTFAANLITI 1AY
AT 5S$ﬂ$ﬁ1ﬂﬂ 20NINAUAY fluorescence-activated cell sorting (FACS) 150 Flow
4

cytometry WuaIanalunusanai lagmwiz MLE/e Hgnivgainingsad (cell cycle arrest)

g Y 9 [l
HALYNFUNMLINTUATNAN TN UIAZIIAT (dose- and time-dependent fashion) WML AENS

[ < = £ I A ] dyd
anawan luligns cell cycle arrest 158 11 G1 phase NN arrested @311 Sub G1 peak 14¥74
MIABYDITAT (apoptosis) (189910 DNA vouwadmovz 1dUd propidium iodide t1azgn shift
Y Y .
VWINWNATUGIYUDY histogram
o o A Yy v o 4 J

A1590A T UUNIANAT MLE/e NAUANUU 400, 600, 1A 800 ug/ml, 24 h i lviiwaa
Jurkat azau 1y Sub G1 1.07%, 8.01%, 27.29% HaE 63.10% AUEIAY A UHANIIIN G arrest
(Figure 4.5, upper panel) @314 MLE/w NA0@u81 800, 1,000 11ag 1,200 ug/ml Hisad ez aui
Sub G1 1.23%, 4.33%, 10.23% 4182 22.38% MNa 19U (Figure 4.5, lower panel)

1 [ <3 @ ] 1
AIUFITANANAAUNIGAAT MSE/e oz MSE/w hiuaadna cell cycle arrest 19 Jurkat
vt 9y 9 = .

cells UINANUVNTUGININDY 8,000 ug/ml (Figure 4.6)

A NUTUTY 600 ug/ml Y93 MLEs UVNAY Jurkat cells 24 T cell cycle arrest Y94

Y 1

Jurkat cells TAW91501910 Sub G1 peak 1AAIN 521319 0,6, 12, 4ag 24 ¥4 1¥ASN Sub Gl
AL 1.24%, 4.87%, 22.13% 112 28.06% A1Na 191 (Figure 4.7, upper panel) @9U MLE/w 7l

o J A ~ o w .
1,000 ug/m! M 1¥iyad azaui Sub G1 189 1.70%, 1.92%, 4.12%, 1Az 10.11% A1Na191 (Figure

4.7, lower panel) @9 MSE/e taz MSE/w 1iiinane cell cycle arrest UBN Jurkat cells Fapall

AOANADINUNAYDINTAD cell proliferation (Table 4.2) Tuto 4.5.1.1

'
Aav A

U51901u390N 1Fimadia Flow cytometry A519¥1aiautiavesa1snisayu lnsao
cell cycle 1M831AT12 11 cell cycle Vouradaeiuiuzia31gnouds o szozla Fa518011
Lwﬁwﬁ’uﬁaﬂﬂé’mﬁmmﬁuﬁﬁ antiproliferation 118 cell cycle arrest YBIETANA ILLUIANAT 1Y
AVTANANY 1NN (Equisetum hyemale) GT'NL’TJumgu‘lwsﬁuﬁ'mi%’%mimmmﬁuiaﬁ@
piud W lanedevwau vazuzisududu Tquauiiddy antiproliferation Aviaad L1210
murine leukemia cell line (18 FN11 G2/M arrest 1A cell apoptosis (Li et al., 2012) A15anAau
Tnamarss (Physalis angulata W P. peruviana) WA cell cycle EME GG HepG?2 arrest 171 G0/G1
naziadazeayly sub Gl peak L1V dose dependence (Wu, et al., 2004) nazasanadaves

Annona glabra % niugad multidrug-resistant CEM/VLB cells Glﬁ‘l’i&g@ cell cycle 1 GO/G1 phase
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Jurkat cells treated with MLE/e, 24 h
Control 400 pg/ml 600 pg/ml - 800 pg/ml
g- g 2 g1
8: SubGl: 1.07% 3- SubGl: 8.01% 3_ Sub G1: 27.29% §: SubGl: 63.10%
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] s: 1875% | o s: 20.09% : s: 15.35% ] c0/63 S: 6.29%
. :20.859 . G2/M:  22.50% b G2/M G2M:  13.55% J G2/M  G2M:  4.99%
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o ] - = 3 g
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§§ IsubG1 | S G2M:  21.16% G2/M:  25.13% G2/M:  23.33% gﬁ‘ SubGl S G2M:  15.28%
og: vgi
8 8
4 -
Q'. T T T T T T T TP T TT=r=r=rT 0-‘1 T T T
0 400 800 1000 00 600 800 1000 0 200 400 600 800 1000 O 200 00_ _ 600 800 1000
FL2-A FL2-A FL2-A FL2-A

Figure 4.5 Dose—dependent effect of mintweed leaf ethanol and water extracts, MLE/e and MLE/w, on cell cycle of Jurkat cells (human T leukemia cells).
The cells were treated with various concentrations, designated, of MLE/e (upper panel) and MLE/w (lower panel) for 24 h. The cell cycle phases were
analyzed by flow cytometer. The percentage of cells in G1, S and G2/M phases are indicated. The sub G1 represents the apoptotic population. Data shown
are representatives of three independent experiments.
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Jurkat cells treated with MSE/e, 24 h
Control 2000 pg/ml 8 2500 pg/ml 3000 pg/ml
2 g g g
3-: SubGl: 1.07% g SubGl: 321% | o SubGl: 4.16% | g Sub G1: 16.30%

] GO/G1 GO/G1: 59.48% *1  core GOGL: 56.71% | ¥ i GO/GL: 52.17% | ¥ 60/61 GO/G1: 47.36%

] S: 18.75% w1 S: 17.38% S: 18.77% 1 S: 16.13%

] . a . . ] . 0
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Jurkat cells treated with MSE/w, 24 h
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] Ga/M S 18.66% s: 3447% | o] s: 29.80% ] S: 23.93%
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Figure 4.6 Dose—dependent effect of mintweed seed ethanol and water extracts, MSE/e and MSE/w, on cell cycle of Jurkat cells (human T leukemia cells).
The cells were treated with various concentrations, designated, of MSE/e (upper panel) and MSE/w (lower panel) for 24 h. The cell cycle phases were
analyzed by flow cytometer. The percentage of cells in G1, S and G2/M phases are indicated. The sub G1 represents the apoptotic population. Data shown
are representatives of three independent experiments.
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Jurkat cells treated with MLE/e, 600 pg/ml
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Jurkat cells treated with MLE/w, 1000 pg/ml
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Figure 4.7 Time-dependent effect of mintweed leaf ethanol and water extracts, MLE/e and MLE/w, on cell cycle of Jurkat cells (human T leukemia cells).
The cells were incubated with 600ug/ml MLE/e and 1,000 ug/ml MLE/w. The cells were harvested at 0, 6, 12 and 24 h and then were subjected to flow
cytometer. The percentage of cells in G1, S and G2/M phases are indicated. The sub G1 represents the apoptotic population. Data shown are representatives
of three independent experiments.



61

Jurkat cells treated with MSE/e, 2500 pg/ml
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Figure 4.8 Time-dependent effect of mintweed seed ethanol and water extracts, MSE/e and MSE/w, on cell cycle of Jurkat cells (human T leukemia cells).
The cells were incubated with 2,500 ug/ml MSE/e and 6,000 ug/ml MSE/w. The cells were harvested at 0, 6, 12 and 24 h and then subjected to flow
cytometer. The percentage of cells in G1, S and G2/M phases are indicated. The sub G1 represents the apoptotic population. Data shown are representatives
of three independent experiments.
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(Cochrane, Raveendran Nair, Melnick, Resek, and Ramachandran, 2008) #15d Aatlaonsinues
Persea americana &9 antiproliferative effect A0 MCF7 1lagw ga cell cycle ‘17] G1 phase (Engel,
Oppermann, Falodun, and Kragl, 2011) 594 ‘V%:Q A15ANAUIVN (Centella asiatica) c'f'mﬂu WA ‘ﬁfu 1
v lngannsadmitwaduzdad|ld CACO-2 arrest 7t S 182 G2/M phases 11az #1111 apoptosis
(Bunpo, et al., 2005) Az @15 afARANA NI (Ganoderma tsugae) ANYANITIITYUYDY human
colorectal adenocarcinoma Colo205 ﬁ G2/M phase (Hsu, et al., 2008) uaﬂmﬂﬁﬁﬁmmmmmﬁ
curcumin 10V fTu HAZWIN LA f) ‘I/l% cell cycle arrest UDILEA @ bladder cancer cells Y947 uﬁ
G2/M phase (Liu, Ke, Cheng, Huang, and Su, 2011) daquéda cell cycle v ludReIN
UUAEAAIADIIA Lamiaceae H3181UUOONN  Hyptis incana ¥0¥1 G2/M arrest YD L5 d
neuroblastoma cells (Tabata, et al., 2012)

uﬂﬂ%m‘ﬁﬁﬁﬂﬁmlﬁﬂﬂﬁﬁ Flavonoids L?J‘L!ﬁ”liﬂi%ﬂ@ﬂﬁﬁﬂﬁﬁﬂﬁj cell cycle arrest
L8 apoptosis ﬂlu‘ﬁq{ﬂ (Sak, 2014) Flavonoids U5 qw%{wmwﬁmmmﬂmﬁu 1@ cell cycle arrest
1Y dose- and time-dependent 1 Apogenin Y@ cell cycle U943 human colon carcinoma cell lines
SW480, HT-29 ttag Caco-2 171 G2/M (Wang, W., Heideman, L., Chung, C.S., Pelling, J.C., Koehle,
K.J., etal., 2000) Genistein, Apigenin, Luteolin, 8% Quercetin ¥18A cell cycle Y93 LNCaP human
prostate carcinoma cell line 1461¥ mouse BALB/c 3T3 fibroblasts ﬁ G2/M (Kobayashi, Nakata, and
Kuzumaki, 2002) L& Daidzein, Luteolin, s8¢ Quercetin 1 g9 cell cycle YD OCM-1 human
melanoma cell line 171 Gl ua Kaempferol, Apigenin, {t61¢ Genistein 1 Eﬁ]‘ﬁ G2/M (Casagrande and
Darbon, 2001) 148 Flavonoids anvaeFia 1ga cell cycle Y93 PC3 human prostate cancer cell ﬁ
G2/M (Haddad, Venkateswaran, Viswanathan, Teahan, Fleshner, et al., 2006) Flavonoids 310819
ana cranberry g9 cell cycle Y93 MDA-MB-435 mice bearing human breast tumor cells ﬁ G2/M
uazyild ldiRanisunsnizaie (metastasis) U®4 tumor cells Tuwn 1 (Ferguson, Kurowska,
Freeman, Chambers, and Koropatnick, 2004)

luseudodiu Tunisnaaesiiarsaialuunednat MLEe wull flavonoids USu1as
41N (Table 3.5 ‘]J‘Vl‘ﬁ 3) uamﬂmfmﬁ“ﬁ cytotoxicity @0 brine shrimp (Table 3.9, ‘]J‘Vl‘ﬁ 3) UasUEa
antiproliferative effect ADI¥ASUZITINA1GA1WWUT (Table 4.4) A 1f1 Flavonoids 39119211
d15dsgneounanlu MLE/e ﬁuamquﬁﬂﬁ’ human T leukemia Jurkat cell line LA @ cell cycle

arrest Il1¥ apoptosis Glu‘ﬁt:fﬂ
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4.4.3 Effect 710 cell cycle factors ¥89a15anANNIaNAT MLE/e
d' 1 1 o 9 [ = Y A
HOIINMITHIUITIZANYBAULA 11 cell cycle Apan13ade Tsaudiuayy Ao
Cyclin-dependent protein kinases (CDKs) FIM19IUTINAY Cyclins ‘I/Tﬂﬁlﬁﬂﬂf]ﬁ%ﬂmazﬂi Wf]j U

9819710111849 (successive activation) 1@ o'1a1)u YAUDI CDK/Cyclin complexes (CDK4,6/CyclinD

=

complex 18¢ CDK2/Cyclin E complex) luszey GI 4 complexes Hae phosphorylate proteins

Foam3lunIINT=qU genes NNBITUMIFUATIZH DNA taz Tsaudug auluiigasadishg
mﬁmjwvaﬁ (mitosis) (Figure 4.1, B) (Nigg, 1995) uazgﬁmﬂumiﬁuﬁ’uqm%m MLE/e 919 cell
cycle arrest i Sub G1 3@ G1 phase 11 Jurkat cells mﬁ?ﬁ’ﬂﬁ%aTﬁﬁmiwﬁim%mmiﬁfTﬂ
Tuueann1 MLE/e 79 expression 941151 Cyclin D1, Cyclin E, CDK2 ttaz CDK4

MLE/e i 600 ug/ml aan511an109n (deregulation) ¥o411)5@1 cyclin 8z CDK 11 Jurkat
cells (Figure 4.9) Gﬁ UAVANWTUTULALIIAT (dose- and time-dependent manner) MLE/e ﬁ 400
ug/ml dliifinademsuanseenveaTilsiuna 2 ﬂiq'iJ‘ﬁ MLE/e #1 600 ug/ml 11115 Cyclin D1 33
ﬁﬂﬁ\iﬁ 1.5 ¥U (Figure 4.9) uag ﬁﬂﬁﬂﬂWﬂ%u@?ML’)ﬁ’l uéﬁwﬁwmﬁmiaﬂawm Cyclin D1 ﬂ\i‘ﬁ
Cyclin E @‘ua@mﬁ 3 ¥U u.azﬂ‘amgﬁ’aaumﬁ 6 ¥U ?'f"]u CDK4 a@m‘ﬁ 6 ¥4 CDK2 G?;\ilﬁdju
kinase enzyme ﬁﬁ1ﬂ§ﬁ“§81ﬁjﬂ Cyclin E llliﬂﬁﬂg expression G%II\‘ILLG]' 1.5 YU

221911 1831 Expression Y04 cyclins 148¢ CDKs Y04 Jurkat cells Giaqméeum MLE/e 111
N13aAa (deregulation) ﬁ A0ANABINUNAUDY MLE/ef® cell cycle arrest (Figure 4.5 — 4.8)
Cyclin D 4a¢ Cyclin E i1l 2 proteins ¥ anlu Gl phase @2U CDK4 G']éﬁ 1111 kinase enzyme N1
ﬂﬁﬁ%fﬂ phosphorylation Cyclin D1 1a CDK4/Cyclin D1 complex ﬂf.iw?]} U (promote) cell cycle 17]
G1 phase Lﬁlfl CDK4/Cyclin D1 complex deeas M lvina deregulation U994 cell cycle‘ﬁ G1 d7u
CDK2 ‘ﬁTﬂf]ﬁ%fJ”l phosphorylation A1 Cyclin E 1a CDK2/Cyclin E complex mmumﬁsﬂ’mw'm
Y4 cell cycle 910 G1 phase clﬁjlﬂglji’gj S phase (Nigg, 1995) 1iag deregulation vosldsau Cyclins
11a2 CDKs 11 Jurkat cells 18 MLE/e ﬁlgﬂmmu dose- and time-dependent manner Tagianie
E’JEJN?,'IQ deregulation Y893 CDK2/Cyclin E complex W1H Jurkat cells 13 ﬁiuiﬁﬂﬂhm‘ﬁ?é’igﬂg S
HumgWisadazaui Sub G1 aziwady mode Y04 apoptosis 0’11 ¥4 cell cycle arrest Tngans

Y
anaimrull Dnenuaiuayura1es e
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Figure 4.9 Effect of MLE/e on the expression of Cyclin and CDK proteins in Jurkat cells. The cells
were treated at 400 ug/ml and 600 ug/ml for 0, 1.5, 3, and 6 h and 40 ug cell protein lysate was then
subjected to 12% SDS-PAGE and Western blotting. Actin was used as a protein loading reference.
The autoradiogram represents three experiments.

@15a0alUU09 Toona sinensis (Chinese cedar) aa expression Y94 Cyclin D1 1oy CDK4
meﬁll cell cycle inhibitory protein p27 114 H661 human lung large cell carcinoma cell line Wura
9 cell cycle arrest ‘171 Sub G1 phase (Wang, et al., 2010; Yang, et al., 2010) HATTANADININAAVD
Eyu?i (Litchi chinensis) (Hsu et al., 1012) uUag !‘ﬁ ANAUID (Ganoderma tsugae) (Hsu, et al., 2008)
arrest cell cycle U84 human colorectal carcinoma cells 17] G2/M phase FIUTITANAVING NI
N1995210 (aloe-emodin) arrest cell cycle Y93 HL-60 human promyelocytic leukemia cells ﬁ G2/M
(Chen, Hsieh, Chang, and Chung, 2004)

TueREIRUIIBUENT phenolic diterpenes ARAIN Hyptis incana N 1UNAREINY
LUaNAI (Lamiaceae) arrest cell cycle Y99 IMR-32 neuroblastoma cells 171 G2M Tag deregulation
U84 Cyclin B 148 CDC2 (Tabata, et al., 2012) UaZ 17 [soquercitrin “’]:;QL‘]dJu glycosylated quercetin
flavonoid anauenanluazaon Hyptis fasciculate a9 Cyclin D1 g Lﬁll p27 UUU dose- and
time-dependent manner 14 Gbm 95 human glioblastoma cells Fuwalifisag arrest ﬁ G1 phase G'I:); N
eANR0rY cell eycle effect Y94 MLE/e #19 Jurkat cells Y04M 33565 1 Isoquercetrin l1i#n1i
%179 apoptosis 11 Gbm 95 cells (Amado, et al., 2009) fuiuriinvesiy Temaasams naz s

o I 9 ' [ o A R
Llﬂﬂﬁ'lﬁﬂ'lclﬁllﬂﬁ'lﬁﬂigﬂf]‘Uﬁ'NG] nulumsana anunateraevesdsdsznoulunyvaieg

< o A £ ) ) 4
Lﬂummqwaﬂﬁaeﬂqmmmu expression Y3 Cyclins, CDKs I01& regulatory proteins 51!“]
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S
ANNU NTAIUANVDIAITANAAD cell cycle TEHTAN AU TINNITD apoptosis U84 cancer

< a J 1 o
cell lines ﬂmmﬂ@mﬂmaawqﬂ‘luizazmm AU VBN cycle &

4.4.4 Apoptotic induction Y94 Jurkat cells 1A MLE/e
a s ° v s L. &2 a N ¥
MLE/e L@AINBADISAA Jurkat 119152 8R 180D apoptosis HFIUATILH 1A 1NN
a ] 2 J . qe . .
Aamunsvia Hauduves DNA Taen1sdou DNA luisaadioansisodtas Propidium iodide
wazmsiasundasves cell membrane Iasaan1unisidasuilasves phosphatidylserine (PS)
. I a ! ' . .. .
U phospholipid ¥Hiaw i Tuanaves PS iSesognauainlu (inner leaflet) Y04 lipid bilayer
d a 3 4 [
V04 cell membrane 1¥AAINA apoptosis VM PS tndouieoonnngmuluindiuuen uans
4 4 - ~ - Ay
inaounvesTuana PS luminane (asymmetry) 39en50ana N snaoud1oued PS Tu cell
F% 9 Y A . 9 s A 4
membrane |9 1A8n13801 PS A108151509@9 Annexin V UALLONIFAANFIAUALITAA180DN

v 9
NHUAIY flow cytometer

~

Apoptosis Y94 Jurkat cells 1 #51 MLE/e ANNAUTUTEHIN 400, 600 ULaZ 800 ug/ml
YN 24 FU HAZIRWIZAMTUTUT 600 ug/ml U 0, 6, 12 LA 24 Y. NTATIVIATIZHAIY
Annexin V/propidium iodide i8¢ flow cytometer e A3 Cytogram U® cell apoptosis Tu Figure
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MERanuA (Q2 + Q4) 32% NANUTUTY 600 ug/ml BASAERINUA 73.97% uaz AaNUTUT
74 800 ug/ml ITARMEANA 93.27%
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(U1 dose- and time-dependent manner UNY 0IITY T3 ﬁﬁlﬂiﬂﬂmﬂﬂéﬁ Physalis peruviana
¥ cell cycle arrest La¥ apoptosis Y94 HepG2 (Wu, Ng, Chen, Lin, Wang, S-S., et al., 2004) ©19
ﬁﬁﬂﬁ]”lﬂi”lﬂ“l@ﬂﬂj@@ﬂﬁ Chinese angelica ¥n11 A549 human lung adenocarcinoma cells (Cheng,
Chang, Lee, Liu, Chen, et al., 2004) & 15809 Annona glabra (ﬁﬂuaqﬁ Annonaceae) ¥n1i1 CEM
1ae CEM/VLB leukemia cell lines (Cochrane, Nair, Melnick, Resek, and Ramachandran, 2008) §13
analuineis (Murraya koenigii) ¥n1i1 MCF7 and MDA-MB-23 1 human breast carcinoma cell

lines (Bindu Noolu, B., Ajumeera, R., Chauhan, A., Nagalla, B., Manchala, R, et al., 2013) 48 ®13
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dnaluleaiin (Juglans regia) ¥n1 cell cycle arrest 14 PC3 human prostate cancer cells (Li, Li,
Wang, Zheng, Hu, et al., 2015)

UONINTFaTi518911 flavonoids HUATTADINFL DU N Glycyrrhiza inflata ¥n1i1
apoptosis Tu a8 SiHa cervical carcinoma cells (Xia, Matsidik, Ablise, Lei and Abudula, 2013)
3N 13’1%1ﬂ11J6U’EN Urtica dioica §1 fi]iﬂ proliferation wazi 19 MCF7 cells 1in apoptosis Tag
Lﬁmﬁmm calpain 1, calpastatin, caspase 3, caspase 9, Bax Lla¢ Bcl-2 Tlsaulu apoptotic pathway

(Fattahi, Ardekani, Zabihi, Abedian, Mostafazadeh, et al., 2013)
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Figure 4.10 Cytogram of annexin V binding and propidium iodide uptake in Jurkat (human T leukemia) cells after treated with 400, 600 and 800 ug/ml
MLE/e for 24 h (A) and with 600 ug/ml for 0, 6, 12 and 24 h (B). Q represents quadrants in cytogram; Q1, necrotic cells; Q2, late apoptosis; Q3, live cells;
Q4, early apoptosis. Data shown are representatives of three independent experiments.



68

Table 4.5 Summary of apoptotic effect of concentrations of MLE/e treatment at 24 h on percentage

of Jurkat cells, stained with annexin V/propidium iodide.

MLE/e % Annexin V/propidium iodide stained apoptotic cells

24 hours Live cells Early apoptotic Late apoptotic Total apoptosis
(Q3) cells (Q4) cells (Q2) Q2+Q4)

Control 92.54 02.44 03.77 06.21

400 ug/ml 67.64 24.99 07.01 32.00

600 ug/ml 22.03 37.69 36.28 73.97

800 ug/ml 02.74 03.84 89.43 93.27

Table 4.6 Summary of apoptotic effect of incubation time of 600 ug/ml MLE/e treatment at 24 h on
percentage of Jurkat cells, stained with annexin V/propidium iodide.

MLE/e % Annexin V/propidium iodide stained apoptotic cells

600 ug/ml Live cells Early apoptotic Late apoptotic Total apoptosis
(Q3) cells (Q4) cells (Q2) Q2+Q49)

0h 93.82 00.74 03.46 04.20

6 h 77.76 11.38 06.17 17.55

12h 67.32 19.11 06.17 25.28

24 h 21.85 36.84 37.16 74.00
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5.1 aswgnAil (phytochemicals) Tuansanauusanm

m3sasmmungarail luasanaluuagmaauaedna (mintweed) ARARIE 70% ethanol LAz
1i1 Tagn suona1saiad e thin layer chromatography (TLC) nag Tagnisnaaeuldaisanai
ﬂf] NIeNVATNIAY (specific reagent testing) «13¢ nalu MLE/e tag MLE/w 3 phenolics, terpenoids,
essential oils, LAY tannins 13 & fl ﬂmaﬂ MSE/e phenolics, terpenoids, essential oils, tannins LD
saponins 79U MSE/w ¥ phenolics, terpenoids, saponins, i alkaloids ®13& lg ﬁ’wmﬁﬂm GBI

antioxidant activity

5.2 153194 Total phenolic compounds (TPC) #ae Total flavonoid (TF) contents
lumsanausaanm
a15analuuueaanail total phenolic compounds (TPC) (8¢ total flavonoids (TF) WINNNET

[ < [ dy
anavnwaa sy TPC wag 1USuia FT a9l

MLE/e § TPC 370.07 + 7.10 mg GAE/g dried extract 1tag FT 278.81 + 3.40 mg CAE/g dried extract
MLE/w 3 TPC 319.45 + 8.67 mg GAE/g dried extract i81g FT 240.81 = 5.01 mg CAE/g dried extract
MSE/e # TPC 135.92 +2.17 mg GAE/g dried extract 1t01¢ FT 86.28 + 0.67 mg CAE/g dried extract

MSE/w il TPC 77.02 + 2.05 mg GAE/g dried extract 8¢ FT 15.38 = 0.21 mg CAE/g dried extract

5.3 Antioxidant activity Y99a13aNAUNIANA

A 1A antioxidant activity U93d13 ANAUNIANA1 IAT12H 1a8 DPPH radical scavenging
1ag ferric reducing antioxidant power (FRAP) @1sdnalunuianaildse@nsnin IC,, ¥4
antioxidant activity g3 NE1sanAluaa ‘V%CQ UseanTAINA0 radical scavenging Il A& reducing
antioxidant power LL01& A159NARIY 70% ethanol MLE/e 1122 MSE/e UaAd1/52@NTAIN antioxidant

1 o g
activity q\‘lﬂfﬂﬁ"ﬁﬁﬂﬂﬁ}?ﬂui MLE/w t1ag MSE/w
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MLE/e 1 radical scavenging 1C,;, 9.26 + 0.08 ug/ml tazil FRAP 8.52 + 0.44 uM FeSO,/mg extract
MLE/w ¥ radical scavenging IC,, 10.89 = 0.70 ug/ml tazll FRAP 6.27 +0.03 uM FeSO,/mg extract
MSE/e i radical scavenging IC., 32.85 + 0.05 ug/ml a2 FRAP 2.01 + 0.35 uM FeSO,/mg extract

MSE/w 1l radical scavenging IC,, 147.17 + 1.67 ug/ml tazll FRAP 1.36 +0.00 uM FeSO,/mg extract

S
152@N5n W antioxidant activity UBNT1TNALNUIANAIYN radical scavenging 1L8e reducing antioxidant
a v o Y a A 1 o g X a
power HANNFUNUSATINVUSuIYes TPC uag FC Al luuaazaisana natldsuia total
phenolic compounds L81¢ total flavonoids, antioxidant activity Tae DPPH free radical scavenging Qg
ferric reducing-antioxidant power (FRAP) L& cytotoxicity YD AIANALUIANA Wﬁgﬂ FRTGIRTESERR:

3.11

5.4 Cytotoxicity Y@3a13aNAUNIANA

Y o ' I A Y s L. 1 A a a v
asanauusan A NuIuRysEAUad (cytotoxicity) AoalInUnA AvAHBY Artremia

salina 1aoToUMEUNVAITNIATTIU Ascorbic acid
MLE/e 111 lethal concentration 50, LC,,360.48 ug/ml,
MLE/w 11 LC,, 1,282.47 ug/ml
MSE/e {1 LC,, 708.26 ug/ml 1A
MSE/w 111 LC,, 470.60 ug/ml 1o

Ascorbic acid Uf1 LC,, 13.77 ug/ml

5.5 Proliferative effects Y891 5aNANNIANA
5.5.1 Proliferative effects 1 normal PBMCs t1a2 Jurkat cell line
msaﬁmzmﬁﬂm‘ﬁmuﬂﬁﬂmﬁuﬁam‘%uﬂmﬁuii’mau!,c]saa' - proliferative effect YO IHAA
ifiadoau19nd — normal peripheral blood mononuclear cells
mwigasanaly meﬂmﬁuﬁaﬁug’aﬂmﬁmﬁ’mmmaﬁ - antiproliferative effect Y4
waduz3uifadeonv1aa109WuT Jurkat cell LU dose-dependent manner ¥91/5zANT 21N
antiproliferative effect Y84 MSE/e A0 Jurkat cells 1 24 3 §1A1 1C,, 553.52 = 14.07 ug/ml 11AZ V0

MLE/w 912.06 = 16.86 ug/ml (Table 4.3)
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5.5.2 Proliferative effect ¥99 MLE/e 10 HepG2, MCF7 uag PC3 cell lines
AT ANALIIANAT MLE/e §USIN5HNT UMK Y09 MCF7 11ag HepG2 LU dose- and
time-dependent manner Usz@nFn1wao MCF7 11 24 ¥y 1A IC,, 763.12 £ 9.51 ug/ml Hag 48 wu
IC,, 707.45 + 7.84 ug/ml ez YsANTNINAD HepG2 N1 24 1 A1 IC,, 866.06 + 16.44 ug/ml Lag N
48 %1 IC,,, 798.28 + 20.23 ug/ml (Table 4.4)
v Y ] 9
AU AR AUNIANAITUEIN TN YT IUIUIFAGVBINUFAANLIT UV VUVINADY -
. A =2 g S 4 & A A 7 < a A
suspension cell A9 Jurkat cells Futuwaanzsuldadonulunszumaon uag aauuIAAANY
2 A £ g s g K A Y o 1o
1ULAYS — attach cell AD MCF7 1@ HepG2 cells Fuilusaauz5aluio@ovoumuunazay uail

@0 PC3 cells 198110

5.6 Cell cycle effect Y99 sanaluunganal MLE/e

v
% 1

asanaluuusdnanfinuautiAduds cell cycle ¥p4 Jurkat cells 1A a1sanamaa lanaa
A Mﬂwa‘fl) MLE/e ET‘UE%Q cell cycle YD Jurkat cells “ﬁﬁ 8% G1 1Y dose- and time-dependent manner

MLE/e 7t 15584 400, 600, 1Az 800 ug/ml, 24 ¥ i1 1%15as Jurkat dzauu Sub G
1.07%, 8.01%, 27.29% ey 63.10% AINa19AY  d9U MLE/w ﬁmmmﬁ’m%’u 800, 1,000 itarg 1,200
ug/ml, 24 ¥ Trad ey dud Sub G1 1.23%, 4.33%, 10.23% Az 22.38% AR

MLE/e ﬁmmmﬁ’mﬁ’u 600 ug/ml fj/’l_lé}lﬁ cell cycle YD Jurkat cells mﬂsﬁummam 0,6, 12, Llag
24 ¥ L“Ifﬁﬁﬁ%ﬁll’ﬁ Sub G1 1.24-4.87, 4.8%, 22.13% tag 22.13-28.06% AWA1AY ez MLE/w 17]

1,000 ug/ml ¥ ¥ adarzaui Sub Gl 1.70%, 1.92%, 4.12%, (A% 10.11% AINa1AY

5.7 Effect 19 cell cycle factors Y99a5aNAUNIANAT MLE/e
a sA= v a 7 o
1NHA cell cycle arrest TUN1TNATIZHHIVUUIANIE MLE/e 14N150529A5121 10990
Y
Tosauluszes Gl o4 cell cycle INHM  MLE/e 1114179 deregulation ¥94 cyclin tag CDK 1u
Jurkat cells 18UV dose- and time-dependent manner MLE/e AANUTUIY 400 ug/ml Tsirlasunas
AFLAAI0DNYBY Cyclin 1z CDK A1SLAAI88AYDY Cyclin tay CDK anadtlaiyad 1asy 600
ug/ml MLE/e 1a8 Cyclin D1 gz CDK2 (51aaa99 1.5 ¥4, Cyclin E (5uanadi 3 ¥u. az CDK4 (54
{ % I [l { o aan gl.z [
anaah 6 vu. Fuiluwaliivad il CDK/Cyclin complex Mzifnsenluduaouseq T wad
' 1 9 1 A o s Y} 72 A dA
liennsoaranszes G dgszes S iodunsizr DNA 18 waddsazaulu Sub Gl wienfo

J ' ' LY o w LY . 1
L%ﬁﬁﬂq&]iﬂﬂgiui%ﬂ% Gl uazwaaﬁlmgmmuangﬂmfaﬂiﬂﬂmimmmmmu apoptosis a1l
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5.8 Apoptotic induction Y93 MLE/e

mimﬂsummsaﬁ %Lﬂi1$ﬁ'%1ﬂﬂ13llﬂﬂﬁa18ﬂl@\1 DNA uag mimﬁauéﬁﬂmafga
phosphatidylserine (PS) 1NNAY phospholipid bilayer 5]% uclu’sj ﬂaﬂ% UUBN MLE/e $n1i114 Jurkat
cells (A apoptosis 111U dose-and time-dependent manner MLE/e ANUTUTY 400, 600 itag 800 ug/ml
¥n11 apoptosis waviua 32.00%, 73.97% L2 93.27% ATNE1AY (Table 4.5) uazi@onAN1E MLE/e
AT 600 ug/ml UL Jurkat cells YU 0, 6, 12 LAY 24 %3 FA11 apoptosis NANUA 17.55%,

25.28% 1A 74.00% A14a 191 (Table 4.6)

E4
=1

Y
msIvetasdldaedl arsadauuednaidsuiw Total phenolic compounds L9 total

Q

. A wa L. N | 12 L. ' o A aaa v
flavonoids g4 UAMANUAVDY antioxidant activity, s cytotoxicity ADIFAALUASTINFIA (ndob)

Q

a @ o A 1 4
Und Tasmwizasanalutuednniaig 70% ethanol MLE/e inaiauiia cytotoxicity Avisaa a1y
o 3 [ £ o o g}/
uﬁuzm Jurkat cells, HepG2 tiag MCF7 Tﬂﬂwaﬂgmqmm Jurkat cells @138 NA MLE/e 8184 cell
° { o 'é @ . : <
proliferation 1119 cell cycle arrest 1 G1 aaM3dunT 124 1U5ANTT8 CDKs tiaz Cyclins Fuduna

s ! R '
Ifiraangai G1 1u cycle Haziradainn1A1o1UY apoptosis 11RO
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