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CHAPTER 1
INTRODUCTION

Thailand is an agricultural country with large varieties of delicious fruits and
vegetables. More than 200 kinds of vegetables have been produced and exported
with high value. The country was ranked for the 7" world exporter of agricultural
products and food sectors with value of $ 24,681 million or 2.52% of world export.
Thailand is also the largest exporter of rice, rubber, tapioca and pineapple [1].
However, plant diseases were a serious problem for the extensive loss in agricultural
products. Temperature, soil nutrients, soil structure, pH, air humidity and light are
environmental factors causing plant diseases. Those diseases derived from fungi are
the largest problem to all plant stages of their lives both pre- and post-harvest.
Especially fruits containing a lot of water with sweet taste are favored to be attacked

by fungi. Each parasitic fungus can attack one or many kinds of plants.

1.1 Plant disease caused by fungi and control

The agricultural problems from plant diseases caused by fungi were
extensively caused of yield loss. Both of pre- and post-harvest losses due to fungal
disease in world crop protection even higher in developing countries [2]. Fungi are
widely distributed and highly variable organisms which did not contain chlorophyll
and conductive tissues. Most of them have filamentous vegetative structures
(mycelium) and spore was used for their reproduction. More than 8,000 species of
fungi caused plant diseases. The specific identification of fungal disease is recognized
by the characteristic symptoms on host plants, their mycelium, spores and fruiting
body [3].

In this research, four fungi including Alternaria porri (purple blotch),
Colletotrichum g¢loeosporioides (anthracnose), Fusarium oxysporum (Fusarium wilt)
and Phytophthora parasitica (heart or root rot) are selected as tested organisms

since they severely damage economic agricultural products.



1.1.1 Plant disease caused by Alternaria porri

Kingdom: Fungi
Phylum: Ascomycota
Class: Dothideomycetes
Order: Pleosporales
Family: Pleosporaceae
Genus: Alternaria
Species: A. porri

This fungus has dark color mycelium and produces short, simple, vertical
conidiophores which generate single or branched chains of conidia. The conidia are
large, dark, long or pear shape and multicellular with both horizontal and
longitudinal cross walls. These conidia are easily detached and carried by air. It is a
pathogen caused purple blotch disease in Allium sp. such as shallot (Allium cepa L.
var. ascalonicum), leek (A. porrum), garlic (A. sativum) and onion (A. cepa L. var.
cepa). Moreover, this fungus caused disease in potato, tomato, pear and peach. The
spores of Alternaria sp. develop in high humidity and spread to onion leaves and
bulbs in the field or storage shed by wind, water splash, implements and insects or
workers [4].

The lesions of disease started from the spores germinate on onion leave and
produce a small, water soaked spot and then the spot turns brown, lesion enlarges
and become zonate (target spot) and purplish. The margin of this disease could be
reddish to purple and surrounded by yellow zone. When this disease occurred during
moist weather, the surface of the lesion may be covered by brown to black masses
of fungal spores. After that, the leaves become wilt downward two to four weeks
after initial infection. The purple blotch disease can form on seed stalks and floral
parts of seed onions and effect to seed growth. The Alternaria spores may be
infecting the outer scales of bulbs through wounds or the neck tissue. The sign of

disease show a yellow to wine-red, semi-watery decay and the tissue turns brown to



black and dried out in the field or in the storage. Figure 1.1 shows the disease cycle
of Alternaria sp. initiates from the mycelium and spores infest in plant debris, on
seeds and tubers and germination direct penetration or penetration through wound
and leaf or stem are attacked and the symptom of disease may be present as collar

rot damping off, stem rot, leaf rot and fruit rot.

New conidia g
) produced
& 9%, non infected qp B § GV

Penetration through wound Invasion of stem or fruit

Conidium \
CH .

Conidium reinfects plants

Figure 1.1 Disease cycle of Alternaria sp. [5]

1.1.2 Plant disease caused by Colletotrichum gloeosporioides

Kingdom: Fungi
Phylum: Ascomycota
Class: Sordariomycetes
Order: Phyllachorales
Family: Phyllachoraceae
Genus: Colletotrichum
Species: C. gloeosporioides

The synonym of this fungus is Glomerella cingulata in a perfect (sexual)
stage. C. gloeosporioides produces hyaline, one-celled ovoid to oblong and slightly

curved or dumbbell in shaped conidia with pink or salmon color, 10-15 and 5-7 pm



in length and width respectively. They produced the waxy acervuli in subepidermis
infected tissue of host and typically with setae, simple, short and erect
conidiophores. Anthracnose is a serious disease caused by C. gloeosporioides, so the
common name is anthracnose fungus. This fungus can infect a wide variety of host
especially in economic plants such as banana, chili, guava, olive, papaya, pepper,
pomegranate, tomato, mango and strawberry [3]. The disease cycle shows in Figure

1.2.

In{ecnon of vorious plonts ond organs

(] -
7 O
lmﬁ:ded t;ssugsdie o‘r.:n
collgpse forming senl
/Block setae areo l

7 s ) inolti Y
ruit (opplel Leo!(benn) o sulb(omon) Wheot i
(7 nscospore stem penelrotion of Ecxly infection and
Colletotaichum

) Leof (rubber) tissue invasion of. tissue
@ s
. Q
ocervulus Acervuli with masses of pinkisr

' 10
Perithecium ﬁ% 7 Ias f,?;’;“'“‘”’e""’ on infected
? /
Sec Gloeosporium
%‘ 5 y Nocervulus  — T~ =
[N

WK

Conker  Rotten fruit

Fungus overwinters as mycelium,
penlhecna or conidia in roften fru:’

, plant debris or cankers
e Seed
lesions

Damping off 5 :
oeor Appie batter rot  Tomnalo lesions

Acervuli in enlorging
circular sunken infected

orecs

Wheat
anthracnose

Figure 1.2 Disease cycle of C. gloeosporioides [3]

The disease cycle of C. gloeosporioides survives the winter as seed like
structures called sclerotia and as thread like strands called hyphae in infested
tomato or plants debris. After that, this fungus produced perithecium which
contained ascus and each ascus produced many ascospores. In late spring the lower
leaves and fruit may become infected by germinating sclerotia and ascospores in the
soil debris. Infections of the lower leaves of plants are important sources of spores
for secondary infections throughout the growing season. After the germinated spore
penetrated into host tissues using its appressorium by enzymatic penetration,

invaded tissues would die and collapse forming sunken area. The symptoms of



anthracnose disease are round, water soaked and sunken spots on the ripening host
plants. The pinkish-orange lesions are formed by acervuli masses that covered the
center and produced a concentric ring pattern. The environmental conditions
favoring the pathogen are high temperature (28°C) and high humidity. The spores
need free water to germinate and release from acervuli when the moisture is
abundance and splashing water in the form of rain or overhead irrigation favors the
spread of the disease [4].

Since anthracnose is more prevalent on poorly drained soils, crops should be
planted on well-drained land. Three- to four-year crop rotations excluding crops in
the Solanaceae family are recommended to prevent a buildup of the fungus in soil.
Several fungicides are registered for use to control anthracnose. Fungicides such as
benomyl or carbendazim should be applied when fruit are formed on the first

cluster [6].

1.1.3 Plant disease caused by Fusarium oxysporum

Kingdom: Fungi
Phylum: Ascomycota
Class: Sordariomycetes
Order: Hypocreales
Family: Nectriaceae
Genus: Fusarium
Species: F. oxysporum

Fusarium oxysporum shows the colorless of mycelial however it becomes
cream or pale yellow with age. This fungus will produce a pale pink or purplish
colony when they grow in optimum conditions. There are three kinds of asexual
spores. Microconidia are one or two cells with rod shape and produced under all

conditions, while macroconidia are three to five cells with curve shape.



Chlamydospores are one or two cells with thick wall, round shape and produced
terminally on old mycelium. These fungus complex diverse soil-born fungi, survival
of a pathogen from year to year in soil including plant pathogens causing vascular
wilt more than 100 cultivated plants [7]. It is very injurious and frightening plant
disease appearing as more of less rapid wilting, browning and dying of leave, shoots
followed by final death of whole plant.

The symptoms of wilts occur from the presence of the pathogen in xylem
vascular tissues or some vessels of plant may be clogged with its mycelium, spores
or polysaccharide produced by this fungus. The clogging will increase by
accumulation of breakdown products of plants cells digested by fungal enzyme. The
oxidation and translocation of breakdown products responsible for the brown
discoloration of affected vascular tissue. This pathogen continues to spread through
the xylem vessels until the entire plants are killed. The fungus infects the plants
through the roots via direct penetration or via wounds, after the xylem tissue is
colonized after infection; the parts above of plant may be dying within a week [3]. F.
oxysporum can attack at all stages of plant development and the symptoms are
noticeable if the crop is exposed to unfavorable conditions such as drought, heat
(wilt disease) or water logging. This fungus causes a disease in tulip bulb, mustard
(Brassica campestris L.), rice (Oryza sativa L.), spinach (Spinacia oleracea L.) and
tomato (Lycopersicum esculentum Mill.) [8].

The Fusarium wilts disease cycle shows in Figure 1.3. The infested soils
contain  mycelium or spores and spread by water or contaminated in farm
equipment or farmer. When the plants grow in contaminated soil, spores germinate
or mycelium sink in the root through the root cortex and enter to vessels. The ring of
discolored vessels in secondary xylem is present after enlargement mycelium of cells

is collapsed, vessels are distorted and plants will die.
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Figure 1.3 Disease cycle of Fusarium wilt of tomato caused by F. oxysporum [3]

1.1.4 Plant disease caused by Phytophthora parasitica

Kingdom: Chromalveolata
Phylum: Oomycota
Class: Oomycetes
Order: Pythiales
Family: Pythiaceae
Genus: Phytophthora
Species: P. parasitica

Phytophthora parasitica is a cosmopolitan Oomycete of warm temperature,
subtropical and tropical environments and it has a broad host range including
herbaceous (tobacco, tomato, carnation, pineapple) and woody (citrus, eucalyptus).
The disease in many economic plants caused by Phytophthora sp. such as root rot,
heart rot, rot of lower stems, tubers or rot of buds or fruits, foliar bligshts and
damping off. The distinctive symptoms of Phytophthora root rot are brown lesions
on roots of all sizes and the xylem of roots above the lesions often turns yellowish

or brown and girdled or rotted off. The infected plants at aboveground are slow



growing and may wilt and die in hot weather. Fruits in contact with the ground are
infected and the disease is called buckeye rot.

Phytophthora root rot can occur when the soil becomes wet, high moisture
and humidity, poorly drained area and the temperature remains fairly low. The
seedling may be killed within a few days. Whereas in the older plant, the roots are
killed rapidly or slowly depending on the amount of fungus present in the soil and
environment conditions. The development of the disease presents in Figure 1.4. In
winter, oospores, chlamydospores, or mycelium in soil infect roots. In spring, spores
germinate and mycelium further grows and produces zoosporangia which release
zoospores. The zoospores swim around infected root of susceptible hosts. Moreover,
mycelium spreads up the stem in the cortical region causing discoloration and
collapse of cells. When mycelium invades the aerial part of host plants, it produces
sporangiophores, which emerge through the stomata of leave and extend into air.
The sporangia produced on the sporangiophores become dispersed by rain and start

next cycle when the sporangia land on wet soil [3].
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Figure 1.4 Disease cycle of Phytophthora sp. [3]



1.2 Natural products from plants

Thailand imported pesticide approximate 7,000 tons in 1999 and has a
tendency to increase annually. In 2012, Thailand imported pesticides in the value of
10,813 million Baht [9]. Fungicides are the most popular use to control severity of
plant diseases; however, a frequent use of fungicides can also lead to the formation
of resistant pathogen strains [10]. There are certain reports concerning Phytophthora
sp. resistant to fungicide such as metalaxyl, cyprofuram, benalaxyl and oxadixyl [11-
14]. Besides, the pesticide residues on agricultural products also create problems for
exporting the products aboard because of legislation in some countries. Therefore,
the desire for safer agrochemicals with less environmental and mammalian toxicity is
a major concern. In addition, health and environmental concerns generate a strong
demand for biological fruits and vegetables as organic crops. Thus, an integrated
method for pest management such as biological control treatment, cultural practices
or natural chemicals from plants has been an alternative method to use for plant
disease control instead of synthetic fungicides.

The researches concerning plant-derived fungicides and their applications in
agriculture are now being intensified. The secondary metabolites from plants have
evolved to protect them from attack by microbial pathogens [15] and phytophagous
insects [16]. Thus, there has been a growing interest on the research of the possible
use of the plant extracts, which are less damage for pest and disease control in
agriculture. The safety of antimicrobial agents has been an increase in naturally
developed substances, which has use of naturally derived compounds such as
essential oil and plant extracts from the various parts of the medicinal plants [17].
The plants have long been recognized to provide a potential source of biological
active compounds or more commonly products, known as phytochemicals.
Moreover, the natural products are simply by their nature and safe relative to the
environment or the organism targeted for benefit. However, their occurrence in
nature is a strong indication that they existed for a long period without harmful

biological or environmental effects [18].
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Thailand is located in tropical region where a vast biodiversity and abundance
of natural products. A large number of medicinal plants have been used for
traditional treatment in the primary health care and used for agrochemicals.
Therefore, natural products research is targeted toward the goal of studying

biological activity and chemical constituents.

1.3 Objective of this research

The main objectives of this research are to evaluate antiphytopathogenic
fungal activity from plant extracts, to isolate, purify and characterize the structures of
active compounds from potential plant extracts, and to evaluate active principles in

vitro and in vivo antifungal activity.



CHAPTER 2
PRELIMINARY ANTIPHYTOPATHOGENIC FUNGI SCREENING

2.1 Plant materials

Forty-six Thai plants were collected and investigated for anti-phytopathogenic
fungi screening. Medicinal plants and weeds were collected from Cha-Am district,
Phetchaburi province in 2010-1012 and some medicinal dried plants were purchased
from “Chow Krom Per” and “Thai-Hua-Chan” medical herbal shop, Bangkok Thailand
in 2010-2012. The selected plants and parts used are summarized in Table 2.1.

Table 2.1 The list of Thai plants for preliminary anti-phytopathogenic fungi screening

No. Family Scientific name Common name Plant parts
1 Acanthaceae Acanthus ilicifolius L. Sea holly leaf
wienUanviue
2 Andrographis paniculata (Burm.f.) Nees King of bitters, leaf
Hmganelas Kirayat
3 Annonaceae Melodorum fruticosum Lour. Davil tree, flower
197U White heesewood
4 Araceae Acorus calamus L. Myrtlegrass, rhizome
Suth Sweetflag
5 Bignoniaceae Oroxylum indicum Vent. Broken Bones bark/wood
LA Tree
6 Boraginaceae Heliotropium indicum L. Eye bright , whole plant
RYINT9 Indian heliotrope
7 Caesalpiniaceae Cassia siamea Britt. Cassod tree, leaf/stem
gﬁymﬁﬂ Thai copper pod
8 Compositae Ageratum conyzoides L. Goat Weed whole plant
AUNSIEIUN
9 Eupatorium odoratum L. Bitter bush, leaf/stem
aude Siam weed
10 Grangea maderaspatana (L.) Poir. Phayaa mutti whole plant

W3




Table 2.1 (cont.)
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No. Family Scientific name Common name Plant parts
11 Tagetes erecta L. Marigold flower
AT
12 Cucurbitacease Momordica charantia L. Bitter Cucumber, leaf/stem
ursviun Balsum Pear
13 Momordlica cochinchinensis Spreng. Spring bitter leaf/seed
Ang cucumber
14 Dipterocarpaceae Vatica diospyroides Symington. Resak leaf
Jumsnszie
15 Euphorbriaceae Croton bonplandianus L. Jungle tulsi leaf
wWenyja
16 Flacourtiaceae Hydnocarpus anthelminthicus Pieere ex Chaulmoogra seed
Laness.
NITHUN
17 Gentianaceae Fagraea fragrans Roxb. Anan, Tembusu flower/brark/
AN wood
18 Gramineae Cymbopogon nardus (L.) Rendel. Citronella grass leaf
nzladvoy
19 Lauraceae Cinnamomum porrectum Kosterm Citronella laurel wood
winsls
20 Leguminasae Erythrina variegata L. Variegated- leaf
NDINAN coral tree
21 Loranthaceae Helixanthera cylindrica Dans. Parasite, Kafak leaf
nEn
22 Malraceae Hibicus sabdariffa L. Jamaican Sorel, fruit
nsHIREULAS Roselle
23 Moraceae Artocapus heterophyllus Lamk. Jack fruit tree leaf/root
YYU
24 Myrtaceae Syzygium cumini L. Jambolan Plum leaf/bark
Wi
25 Passifloraceae Passiflora foetida L. Fetid leaf/stem
AIENATN passionflower
26 Piperaceae Piper betle L. Betle Vine leaf

ng

U




Table 2.1 (cont.)

13

No. Family Scientific name Common name Plant parts
27 Piper ribesoides Cocculus, leaf
LAY Fishberry
28 Piper nigrum L. Black pepper fruit
winlneen
29 Plamae Areca catechu L. Betel nut , seed
hUIN Areca palm
30 Plantaginaceae Plantago major L. Greater plaintain leaf
netay
31 Polygonaceae Polygonum odoratum Lour. Vietnamese mint whole plant
RN
32 Pteridaceae Acrostichum aureum L. Leather fern leaf
Usmzia
33 Rubiaceae Gardenia angusta (L.) Merr. Cape jasmine flower/leaf/
ww%au branch
34 Gardenia jasminoides L. Gerdenia crape flower
W jasmine
35 Rutaceae Zanthoxylum limonella Alston. Ma-khan stem
AUz
36 Sapindaceae Nephelium lappaceum L. Rambutan seed
Mg
37 Scrophulariaceae Limnophila aromatica (Lamk) Merr. Finger grass whole plant
CRIREN
38 Stercubaceae Mansonia gagei Drumm. chan-cha-mod wood
Junirzun
39 Verbenaceae Clerodendrum inerme (L.) Gaertn. Garden Quinine leaf
g
40 Tectona grandis L. Iron wood wood
1fluns
41 Zigiberaceae Alpinia galanga (L.) Willd. Galanga rhizome
R0
42 Boesenbergia rotunda (Roxb.) Schltr. Kaempfer rhizome
NGBS
43 Zigiberaceae Curcuma longa L. Turmeric rhizome

YRUTU
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Table 2.1 (cont.)

No. Family Scientific name Common name Plant parts
44 Kaempferia galanga L. Aromatic ginger rhizome
Wseviou
45 Kaempferia parviflora Wall.Ex Baker Belamcanda rhizome
NIV chimensis
46 Zingiber cassumunar Roxb. Cassumunar rhizome
Iwa ginger

2.2 Plant extraction

Fresh plants were cut into small pieces and dried. The dried plants were
milled to powder and extracted by Soxhlet. The extraction started with hexane for
leaf and for the other parts of samples with dichloromethane (CH,Cl,) and the
residue of the extract was further extracted by methanol (MeOH). The extracts were
filtered and evaporated by rotatory evaporator. In the case of essential oil, fresh
samples were hydro-distillated. The distillate was extracted with Et,O, dried over
anhydrous Na,SO; and finally evaporated. The % vyields of crude extracts are

displayed in Table 2.2.

23 Preliminary antiphytopathogenic fungi screening

The hexane, CH,Cl, and MeOH extracts from several species of Thai plants
were investigated for antiphytopathogenic screening against four fungi: Alternaria
porri DOAC 1601 (DOAC: Department of Agriculture Collection), Colletothrichum
gloeosporioides DOAC 2047, Fusarium oxysporum DOAC 1258 and Phytophthora
parasitica DOAC 2052 (Figure 2.1). These fungi were supplied by Division of Plant
Disease and Microbiology, Department of Agriculture, Ministry of Agriculture and
Cooperative, Bangkok, Thailand. Each fungus (A. porri, C. gloeosporioides and F.
oxysporum) was cultured and maintained on potato dextrose agar (PDA) slant stored
at 4°C until used whereas, P. parasitica were cultured on carrot agar (CA) at RT (25-
28°C) [19]. The preliminary antiphytopathogenic screening using agar incorporation

method (dilution on a solid medium) followed the method described by
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Tangjitcharoenkul (2010). All fungi were cultivated on PDA in Petri dish for 7 days
before using [20]. The crude extracts from plants were dissolved in DMSO or 1%
tween 80 after that, 100 pL of each solution extract was aseptically added and
mixed with 9.9 mL of PDA (liquefied and maintained at melting point in water bath)
to obtain the final concentration of 1,000 pgmL’l. After well-mixed with PDA, it was
poured into Petri dish, cooling and solidification. The disc mycelium growth of tested
fungi (8 mm diameter) was picked up from the culture and placed in the center of
Petri dish. The agar plates amend with DMSO and 1% tween 80 as a negative control
while two commercial fungicides: metalaxyl and benomyl as a positive control. After
the tested plates were incubated for 5-7 days at 27°C, the radial mycelial
measurements of growth were taken when the fungi of control plate reached the
edge of plate. The colony diameters were measured and calculated as percentage
mycelial growth inhibition according to the formula [21]. All treatments were
replicated three times. The results are displayed in Table 2.2.
Percentage inhibition of mycelial growth (%) = [(dc-dt)/ dc x 100]
dc: average diameter of the fungal colony of control plate

dt: average diameter of the fungal colony of treatment plate

F. oxysporum DOAC 1258 P. parasitica DOAC 2052
Figure 2.1 Phytopathogenic fungi
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The % yield and % inhibitions of plant extracts against mycelial growth of
phytopathogenic fungi are displayed in Table 2.2.

Table 2.2 %yield and %inhibition against mycelial growth of phytopathogenic fungi

from Thai plant extracts

%Inhibition™”

Yield
Scientific name Part Fraction
% A. porC C. glo F. oxy P. par
A. ilicifolius leaf CH.CL, * 4.5+1.0 3.7+1.2 37.8+1.0 38.9+0.0
wisenUaivue
A. paniculata leaf Hexane 3 5.0+0.0 22.4+1.0 19.0+0.6 0.0+0.0
Amzaelas CH,CL, 18.3+0.0 31.6+0.6 24.1+0.0 21.1+0.0
MeOH 28.3+1.5 18.4+2.6 9.2+2.0 20.6+1.0
M. fruticosum flower CH,Cl, 3.2 49.5+1.5 31.1+£0.0 74.4+1.2 83.3£3.7
d1nau MeOH 11153, 47.1+1.5 11.1+£0.0 26.7+1.2 51.4+1.6
A. calamus rhizome CH,Cl, 3.4 50+0.0 43.7+1.2 66.7+0.0 85.6+8.9
'i'lu‘ij'l MeOH 9.2 26.7+1.2 10.3+1.2 13.8+3.5 32.2+1.0
O. indicum bark CH,Cl, 0.63 23.1+1.2 0.0+0.0 45.5+7.5 58.9+2.3
N MeOH 3.8 40+1.7 3.3+0.0 44.1+3.2 51.4+1.0
wood CH,Cl, 10.0+0.0 0.0+0.0 41.4+11.9 43.3+3.7
MeOH 2.5+0.0 0.0+0.0 22.2+1.0 5.5+1.6
H. indicum whote Hexane * 0.0+0.0 0.0+0.0 53+2.1 10.8+6.8
plant
NeI1939419 CH,CL, 3.1£1.2 23+1.5 7.4+3.1 17+1.5
EtOAC 5.2+2.2 4.5+3.3 6.7£1.0 24.4+0.0
MeOH 4.6+3.1 3.2+3.1 11.4+2.1 12.2+1.0
C. siamea leaf CH,Cl, * -8.7+1.2 0.9+1.5 33.3+0.0 3.5+0.0
%'m?m MeOH -7.7+£1.0 -1.4+1.6 32.2+0.0 14.4+1.2
stem MeOH * 43.3+3.2 24.1+2.1 13.8+1.2 0.0+0.0
A. conyzoides whole plant  Essential oil ~ 0.06
drundedrun Hexane 24 32.2+1.6 48.9+2.1 15.2+3.2 50.0+0.0




Table 2.2 (cont.)

Yield Inhibition (%)
Scientific name Part Fraction

% A. por C. glo F. oxy P. par
CH,Cl, 13 33+0.0 45.6+2.2 26.7+1.4 51.9+0.6
MeOH 10.3 17+1.2 40.0+0.0 19.7+2.1 17.4+0.6

E. odoratum leaf Essential oil 0.2
dude Hexane 2.7 57.0+1.2 57.8+0.0 48.1+0.6 56.7+1.0
E. odoratum leaf CH,Cl, 56 58.1+0.6 56.7+0.0 50.0+0.0 70.0+0.0
dude MeOH 13.6 34.8+0.6 40.0+0.0 16.7+£0.0 12.6+1.6
stem Hexane 1.05 38.9+1.7 46.7+0.0 27.0+4.0 35.6+0.0
CH,Cl, 0.3 44.1+1.5 50.0+0.0 26.3+0.6 59.2+0.0
MeOH 4.5 17.4+0.6 31.1+0.0 13.3+0.0 0.0+0.0
G. maderaspatana  whole plant CH,Cl, & 9.0+£1.5 -9.3+1.5 -3.1+0.0 0.0+0.0

WYY
T. erecta flower CH,Cl, i 31.4+1.5 16.1+1.0 54.4+1.2 20.0+£0.0
A1309 MeOH 21.7+1.0 21.2+1.0 19.5+1.2 0.0+0.0
M. charantia leaf CH,Cl, 8.6 18.1+0.0 28.8+1.0 10.0+£5.4 -15.2+0.7
uzsz%’un MeOH 22.7 25.6+0.0 16.7£12.9 30.6+1.0 -13.3+0.0
stem CH,Cl, 13.2 27.3+2.1 14.4+1.6 0.0+0.0 -16.3+1.2
MeOH 15.7 22.2+0.0 15.3+0.0 8.9+0.0 -13.0+1.5
M.
leaf CH,Cl, 1.9 -12.8+1.6 3.7+1.5 22.2+0.0 8.9+0.0
cochinchinensis
Anda MeOH 7.1 -3.7+1.2 17.0+6.1 11.1+0.0 27.8+0.0
seed CH,Cl, 32.3 0.0+0.0 28.9+ 17.2+4.7 14.4+0.0
MeOH 10.1 22.2+0.0 24.8+2.5 11.1+0.0 13.9+2.6
C. bonplandianus leaf CH,Cl, * -15.7£2.0 -1.8+2.1 30.0+1.0 0.0+0.0
wWéje
H. sabdariffa leaf CH,Cl, * 21.4+2.1 12.8+0.0 60.6+8.9 20.0+1.6
Juninszie MeOH 23.9+21  289+0.0  50.0+0.6 50.0+2.4
H.

anthelminthicus seed CH,Cl, * 47.1+0.0 17.8+0.0 51.7+1.0 7.8+1.6

NITLUI
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Yield Inhibition (%)
Scientific name Part Fraction
% A. por” C. glo F. oxy P. par
F. fragrans flower CH,Cl, Frkx 45.6+0.6 17.8+1.0 18.9+2.6 16.7+0.0
Aiunsa MeOH 52.2+0.6 26.11.0 17.0+0.6 16.7+0.0
bark CH,Cl, o 62.6+1.5 29.2+1.5 49.7+1.0 34.4+0.0
MeOH 57.8+1.2 28.1+1.0 22.2+0.0 21.9+0.6
wood CH,Cl, o 58.0+3.5 26.7+1.0 15.6+1.7 19.2+0.6
MeOH 51.9+1.2 18.9+0.0 10.0+1.0 17.0+£0.6
C. winterianus leaf CH,Cl, * -6.8+2.1 22.2+1.0 37.8+0.0 23.3+0.0
nzladviow
C. porrectum wood Essential oil *f 0.0+£0.0 0.0+0.0 24.0+0.0 53.3+£0.0
NS CH,CL, 26.2+3.1 20.7+0.0 13.8£2.3 86.7+0.0
MeOH 26.6+2.3 8.9+0.0 6.7£2.0 79.3+0.6
E. variegata leaf CH,Cl, 7 27.9+1.6 17.1+1.0 56.1+3.0 12.2+1.6
NBINAY MeOH 24.3+0.6 14.4+1.6 57.2+1.2 13.3+0.6
H. cylindrica leaf CH,Cl, ¥ 37.9+1.6 25.0+0.0 30.0+0.0 0.0+0.0
NN MeOH -19.1+2.5 -13.9+2.6 28.9+0.0 25.6+1.0
H. sabdariffa fruit MeOH * 36.8+1.0 -6.9+2.0 40.0+2.0 68.9+0.0
nsTREULAS
A. heterophyllus leaf CH,Cl, 13.8 16.7£13.2 17.8+1.5 -21.4+1.6 -15.3+0.2
VYU MeCOH 16.5 -10.5+1.2 -1.8+2.0 -28.6+0.6 -17.1+0.6
root CH,Cl, 3.2 3.3+0.6 5.6+0.0 0.0+0.0 0.0+0.0
MeCOH 4.8 22.6+4.5 16.7+0.0 0.0+£0.0 0.0+0.0
S. cumini leaf Hexane * 40.4+2.1 20.0+£0.0 55.6+1.0 26.7+2.1
9 CH,Cl, 27.1+4.7 19.4+0.6 55.6+1.2 21.7+£15
MeOH 35.4+1.5 17.8+1.0 49.4+2.3 15.6+1.6
bark CH,Cl, * 51.4+0.0 18.9+2.1 55.0+4.7 25.4+0.6
MeOH 52.1+0.6 12.8+1.2 53.3+2.6 15.6+0.6
P. foetida leaf CH,Cl, 9.6 41.4+4.5 41.4+0.0 51.9+0.6 56.7+0.6
n3zNNIN MeOH 26.5 53.3+0.0 28.7+2.1 53.3+0.0 44.8+0.5




Table 2.2 (cont.)

Scientific name Part Fraction Yield Inhibition (%)"°
% A. por” C. glo F. oxy P. par
MeOH 153 45.0+0.5 17.2+2.1 60.5+1.2 259+1.2
A. catechu seed CH,Cl, 2.2 44.3+1.6 21.1+1.0 53.3+1.5 22.2+2.1
nUIn MeOH 38.9 10.0+£3.8 5.8+1.0 9.2+0.0 21.1+6.2
P. betle leaf Hexane 34 26.4+1.0 18.3+1.6 54.4+0.6 40.0+2.1
g CH,Cl, 24 46.7+0.6 29.9+9.4 44.8+0.0 65.6+4.0
P. ribesoides leaf CH,Cl, * 30.8+0.0 48.3+1.0 47.7+1.0 5.0+1.0
dzmiu MeOH 40.0+0.6 31.0+1.0 23.0+£0.0 0.0+0.0
P. nigrum seed CH,Cl, 2.7 57.1+0.0 51.7+0.0 49.7+0.0 55.6+0.6
winlnani MeOH 14.1 57.6+1.0 52.2+0.6 54.4+1.6 48.9+1.2
P. major leaf CH,Cl, ) -7.8+1.0 -11.5+0.6 33.3+0.0 0.0+0.0
nuatioy
P. odoratum whole plant Essential oil v 40.9+0.6 3.0£2.5 46.4+2.1 23.3+1.0
NN
A. aureum leaf CH,Cl, ¥ -22.8+2.0 0.9+0.6 30.0+1.5 2.2+2.0
Jsamea
G. angusta flower CH,Cl, xxx 8.5+0.0 35.1+0.0 -12.7+0.0 36.2+4.4
ww%’au MeOH -8.5+1.0 5.2+0.6 1.6+0.6 19.4+2.3
leaf CH.CL, *xx 0.0+0.0 8.2+0.6 -23.8+0.0 59+1.0
MeCOH -26.8+0.0 14.3+0.0 -11.1+0.0 11.2+2.3
branch CH,Cl, xxx -7.0+0.0 22.1+0.0 -10.6+0.0 48.2+7.1
MeOH -3.8+0.0 14.3+0.0 -13.8+0.0 4.5+0.6
G. jasminoides flower CH,Cl, *rx 1.4+0.0 19.5+0.0 -6.3+0.0 0.0+0.0
nA MeCOH 9.4+1.2 -14.3+0.0 -8.4+0.0 17.1+£1.6
Z. limonella stem CH,Cl, 0.4 55.4+0.6 31.9+0.0 44.4+0.0 37.8+1.0
FunzuLy MeCOH 2.1 54.7+1.5 26.9+3.6 33.3+0.0 48.9+1.0
N. lappaceum seed hexane * 12.2+1.0 15.2+0.6 5.0+0.0 0+0.0
[Sigt4 CH,Cl, 26.7+1.0 16.7+0.0 2.6+0.6 3.3+1.0
EtOAC 44.4+1.0 21.1+1.0 15.6+1.0 11.1+£1.0
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Table 2.2 (cont.)

Yield Inhibition (%)
Scientific name Part Fraction
% A. por” C. glo F. oxy P. par
MeOH 50.0+0.6 25.9+3.5 13.0+£0.6 13.7+3.5
L. aromatica whole plant Essential oil * 70.3+£0.6 11.1+£0.0 46.3+0.6 54.4+5.5
AHITIEN
M. gagei wood CH,CL, 32 53.3+1.3 25.3£1.5 54.0+2.3 73.3+1.0
Juntlyzun MeOH 4.3 48.3+1.7 21.8+1.1 50.6+2.1 26.7+1.0
C. inerme CH2CL2 * 35.0+3.5 28.7+1.2 23.0+1.0 22.2+20.2
duzen MeOH 31.7+£6.0 23.0+2.1 11.5+2.1 0.0+0.0
T. grandis wood CH,CL, Hrax 53.3+£0.0 42.2+1.0 20.0+0.0 60.8+2.1
Tsiung MeOH 49.7£2.5 37.4+15 19.7+0.6 55.2+0.6
A. galanga rhizome  Essential oil  0.22
i1 CH,CL, 2.3 42.5+1.0 33.3+2.0 70.1+1.5 100.0+0.0
MeOH 19.8 28.3+0.6 8.1+0.0 3.4+0.0 0.0+0.0
B. rotunda rhizome CH,CL, 3 51.7£1.0 43.7+0.0 46.0+£1.5 20.0+£2.0
NIzYIRADS MeOH 48.3+0.0 42.5+1.2 51.7£1.0 80.6+2.5
C. longa rhizome CH,CL, * 50.0+0.0 39.1+1.0 64.4+1.6 64.4+14.2
aiiudu
K. galanga rhizome CH,CL, rd 61.7+0.0 44.8+0.2 46.0+0.0 81.7+15
ws1eviey MeOH 45.0+£1.0 27.6x1.6 37.9+1.0 42.2+1.0
K. parviflora rhizome CH,CL, * 39.2+1.0 57.5+0.0 59.2+4.9 46.7+11.4
N3ZYAN MeOH 38.3+0.6 24.1+£2.5 47.1+2.1 32.2+1.0
Z. cassumunar rhizome CH,Cl, * 31.7+0.0 24.1+1.0 47.1+1.6 0.0+0.0
wa MeOH 27.5£1.0 28.1+1.0 20.7+0.0 0.0+0.0

Kindly provide from: *Saipin Boonkerd, **Suekanya Jarupinthusophon, ***Pragatsawat Chanprapai, ****Veerachai
Pongkittipan

° Final concentration at 1000 pg-mL’1

° Values, an average + standard deviation (SD) of 3 replicates of the mean mycelial growth inhibition

“A. por: A. porri, C. glo: C. gloeosporioides, F. oxy: F. oxysporum, P. par: P. parasitica
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As results presented in Table 2.2, the antifungal activity screening of the
extracts of 46 Thai plants showed different extents depend on the phytopathogenic
fungi; the plant in family Scrophulariaceae, the essential oil of L. aromatica displayed
the highest activity against A. porri with 70% inhibition. Eighteen species of collected
plants (A. calamus, M. fruticosum, E. odoratum, H. anthelminthicus, P. foetida, A.
catechu, P. betle, P. nigrum, N. lapaceum, M. gagei, Z. limonella, T. grandis, A.
calanga, B. rotunda, C. longa and K. galanga) moderately inhibited against A. porri
(40.9%-61.7% inhibition). In addition, 12 species (A. paniculata, C. siamea, T. erecta,
C. porrectum, E. variegate, S. cumini, P. ribesoides, G. jasminoides, H. sabdariffa, C.
inerme, K. parviflora and Z. cassumunar) displayed weakly against A. porri with 9.4%-
39.2% inhibition. Whereas, all tested parts (flower, leaf and stem) from G. angusta
crude extract stimulated the growth of A. porri faster than control group (-3.8 to -
26.8% inhibition).

In case of the antiphytopathogenic activity against the mycelial growth of C.
gloeosporioides, the CH,Cl, extract from family Compositae (E. odoratum and A.
conyzoides) showed moderate activity against this tested organism, followed by K.
palviflora, P. nigrum, P. betle, K. galanga, B. rotunda, A. calamus, T. grandis and P.
foetida, respectively. The other plants showed low activity against C. gloeosporioides
(16.7-39.1%). The extracts from O. indicum, H. indicum, C. perrectum, P. odoratum
and A. aureum did not show the effect on C. gloeosporioides at 1,000 pg-mL{.
However, some of collected plants (C. siamea, G. maderaspatana, C.
bonplandianus, H. sabdariffa, \eaf of A. heterophyllus, P. major and G. angusta)
stimulated the mycelial growth of tested fungi.

For F. oxysporum, the CH,Cl, extract of family Annonaceae (M. fruticosum)
and family Zingiberaceae (A. galanga) showed strong inhibition against this fungus
with 74.4 and 70.1% inhibition, respectively, followed by A. calamas, C. longa, H.
sabdariffa, P. foetida, P. paviflora, E. variegate, S. cumini, P. betle, P. nigrum, T.
erecta, M. gagei, A. catechu, B. rotunda, H. anthelminthicus, E. odoratum, F. fragrans,
P. ribesoides, Z. cassumunar, P. odoratum, L. aromatia, K. galanga, O. indicum and
Z. limonella (44.4-66.7% inhibition). Eleven species (A. ilicifolius, C. siamea, M.

charantia, E. odoratum, A. conyzoides, A. paniculata, C. inerme, M. cochinchinensis,
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T. grandis, N. lappaceum and H. indicum) displayed weak inhibition less than 40.0%.
On the other hand, four species including A. heterophyllus, Gr. manderaspatana, Ga.
angusta and Ga. jasminoides stimulated the mycelium growth of this fungus.

Family Zingiberaceae showed the highest activity against phytopathogenic
fungi. Especially, the CH,Cl, extract of A. galanga completely exhibited against the
mycelial growth of P. parasitica, followed by C. porrectum (Lauraceae), A. calamus
(Araceae), M. fruticosum (Annonaceae), K g¢alanga, B. rotunda (Zingiberaceae), M.
gagei (Stercubaceae) and E. odoratum (Compositae). These plants revealed strong
activity against P. parasitica with 70-86.7% inhibition. Eleven species (O. indicum, A.
conyzoides, P. betle, P. nicrum, G. amgista, L. aromarica, H. sabdariffa, Z. limonella,
T. grandis, C. longa and K. parviflora) exhibited moderate inhibition (46.7-68.9%)
against P. parasitica. Fifteen plant extracts (A. paniculata, H. indicum, C. siamea, T.
erecta, M. cochinchinensis, C. winterianus, H. anthelminthicus. E. variegate. H.
cylindrical, S. cumini, A. catechu, P. osoratum, G. jasminoides, F. fragrans and C.
inerme) showed low activity (7.8-34.4%) against P. parasitica. Whereas, C. siamea
(stem), M. chrantia, C. bonplandianus, A. heterophyllus, P. major, G. maderaspatana
and Z. cassumunar did not reveal any activity against P. parasitica.

The percent yield of crude extract from MeOH part was higher than that of
CH,Cl, extract; however, the MeOH extract showed the antifungal activity less than
CH,Cl, extract. Since the MeOH extract contained high polar compounds such as
monosaccharides (fructose, glucose) and polysaccharide [22, 23]. These compounds
could be served as nutrient for supporting the growth of fungi [24].

In this research, the antifungal activity against four phytopathogenic fungi was
compared. The efficiency of plants extracts was different because of the variety of
plant species, crude extracts from different organic solvents and variety of fungi. Sati
and Joshi (2011) reported that different compounds such as essential oil, alkaloids,
saponins, terpenes, flavonoids, peptide and protein exhibited antimicrobial activity
[25]. However, it cannot be attributed which plant compound is responsible to what
extent for its effectiveness towards the tested fungi until isolation of phytochemicals
active compound after it gives preliminary data and followed the activity using

bioassay-guided fractionation.
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In Figure 2.2, A. calamus displayed broad spectrum antifungal potential
against all tested fungi. There are many reports about this useful plant, for example
herbal medicine [26], perfume [27], antioxidant [28], antifungal [4], antimicrobial [29],
insecticidal [30] and adipogenesis inhibition [31]. However, the products derived from
A. calamus especially asarone were banned in 1968 as food additives and medicines
by the United Stated Food and Drug Administration (FDA). FDA banned this plant
because the report about supplementing diets of lab animals over a prolonged
period of time with massive doses of isolated chemical (B-asarone), the animals
developed tumors, and the plant was labeled procarcinogen [32]. From this reason,
A. calamus did not select for further study in this research.

Various biological activities of L. aromatic (Syn. L. gratissima) were reported.
The essential oil of this plant showed good antimicrobial activity against S. aureus, B.
subtilis, E. coli, P. auruginosa [33] and antifungal activity [34]. Moreover, Brahmachari
(2008) reported the chemical constituents and pharmaceutical activities aspects of
Limnophila species (Scrophulariaceae) such as anti-inflammatory, antioxidant, wound

healing, antitubercular, cytotoxic and anthelmintic [35].
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Figure 2.2 Ten plants displayed strong antifungal activity against four
phytopathogenic fungal at 1000 ug-mL_1

According to the preliminary antiphytopathogenic fungal screening of Thai
plants, the CH,Cl, extract of A. galanga, M. fruticosum and M. gagei displayed strong
inhibition against the mycelium growth of P. parasitica and other tested fungi (Figure
2.2). Moreover, there was no report of these plants on antiphytopathogenic fungi
especially against A. porri, C. gloeosporioides, F. oxysporum and P. parasitica.
Therefore, the CH,Cl, extract of these plants were selected to evaluate for the active

compounds against phytopathogenic fungi.



CHAPTER 3
ANTIPHYTOPATHOGENIC FUNGAL AGENTS FROM THE RHIZOMES OF
Alpinia galanga (L) Willd. AND THEIR PHYTOTOXIC ACTIVITY

3.1 Introduction of Alpinia galanga (L) Willd.

Alpinia galanga (L) Willd. (Family Zingiberaceae) syn. Languas ¢alanga an
herbaceous perennial, 1.5-2 m tall with white flower (Figure 3.1) [34]. This plant is
widely cultivated in India, China, and Southeast Asian countries, such as Indonesia,
Malaysia, Philippines and found abundantly in Thailand [36]. It is also called Thai
galanga or greater galanga and Kha [37]. The rhizomes of galangal are extensively
used for foods, especially Tom Yom Kung because of its pungent, hot and spicy taste
with aromatic ginger like odor. Moreover, galangal rhizomes are also used as
traditional medicine for several purposes such as stomachic in China for carminative,
antiflatulent, antifungal and anti-itching in Thailand.

This plant was rich in phenolic compounds and the rhizomes were not only
lowest in fat, but also richest in carbohydrate [38]. The chemical constituents of A.
calanga rhizomes have been widely investigated (Figure 3.2). Their major
constituents are phenylpropanoids such as (1'S')-1"-acetoxychavicol acetate (ACA) (3-

1).

Figure 3.1 The shrub, flowers and rhizomes of A. galanga (L) Willd.
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Other identified compositions include (1'S")-1"-acetoxyeugenol acetate (3-2),
(1's"-1"-hydroxychavicol acetate (3-3), trans-p-coumaryl alcohol (3-4), trans-p-
hydroxycinnamaldehyde (3-5), trans-p-hydroxycinnamyl acetate (3-6), trans-3,4-di-
methoxycinnamyl alcohol (3-7), trans-p-coumaryl diacetate (3-8), p-hydroxy-
benzaldehyde (3-9), galangin (3-10), trans-p-coumaric acid (3-11) and methyleugenol
(3-12) [39]. Galangogalloside (3-13), galangoflavonoid (3-14), B—sitosterot diglucosyl
caprate (3-15) and galanganol B (3-16) were isolated from A. ¢galanga rhizomes) [40-
43]. Furthermore, Zhu and co-workers (2008) reported new phenyl propanoids as 4-
[(E)-3-hydroxyprop-1-enyllphenyl acetate (3-17), trans-p-hydroxy cinnamaldehyde
acetate (3-18), 5-hydroxy-7-(4"-hydroxy-3"-methoxyphenyl)-1-phenyl-3-heptanone (3-
19), 7-(d"-hydroxy-3"-methoxyphenyl)-1-phenylhep-4-en-3-one (3-20) [44]. Moreover,
Zhao et al. (2012) reported two new phenylpropanoids as (S)—l'-ethoxy chavicol
acetate (3-21) and (E)-4-acetoxy cinnamyl ethyl ether (3-22) [45].

OAc OAc
= H;CO =

AcO AcO
(1's")-1"-acetoxychavicol acetate (ACA) (3-1) (1'5")-1"-acetoxyeugenol acetate (3-2)

AcO HO

(1's")-1"-hydroxychavicol acetate (3-3) trans-p-coumaryl alcohol (3-4)

HO HO

trans-p-hydroxycinnamaldehyde (3-5) trans-p-hydroxycinnamyl acetate (3-6)

\

Figure 3.2 Chemical constituents isolated from A. galanga rhizomes
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Figure 3.2 (cont.)

The constituents of the essential oil from dried and fresh rhizomes were
characterized as 1,8-cineole (3-23), chavicol (4-allylphenol) (3-24), chavicol acetate
(3-25), eugenol (3-26), eugenol acetate (3-27) and methyleugenol (3-28), a-pinene (3-
29), B-pinene (3-30), terpinen-4-ol (3-31), a-terpineol (3-32), B-bisabolene (3-33), B-
caryophyllene (3-34), B-selinene (3-35), linalool (3-36), geranyl acetate (3-37),



farnesyl acetate (3-38), limonene (3-39) [37, 46-50]. Moreover, Kubota et al.
isolated the volatile from fresh rhizomes of A. g¢alanga by stream distillation, 4
isomers of acetoxycineoles including (trans and cis)-2- and 3-acetoxy-1,8-cineoles (3-
40 to 3-43) were identified as the odor component [51]. The structure of the

chemical constituents from the essential oil of A. galanga rhizomes were indicated in

Figure 3.3.
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Figure 3.3 Chemical constituents from the essential oil of A. galanga rhizomes
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Figure 3.3 (cont.)

The biological activities of galangal have been examined. Janssen and Scheffer
(1985) reported the extract of A. galanga rhizomes against seven fungi and the active
compound as ACA showed significant antifungal activity acainst Trichophyton
mentagrophytes, T. rubrum, T. concentricum, R. stolonifer and A. niger [52]. The
ethanolic extracts of A. galanga showed good antifungal activity against T. (ongifusus,
Microsporum canis and Fusarium solani (60, 30 and 40%, respectively) and
completely inhibited phytotoxic activity against Lemuna minor at 1000 pgml_’l.
Moreover, the antibacterial activity of gcalanga extract was tested against
Staphylococcus aureus (23% inhibition), Salmonella typhi (27% inhibition); however,

this extract could not inhibit against Escherichia coli, Bacillus subtillus, Pseudomonas
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aeruginosa and Shigella flexnali [53, 54]. Oonmetta-aree et al. (2006) studied the
ethanol extracts of this plant and determined antimicrobial activity [55]. This report
showed that S. aureus (Gram-positive) was more sensitive to galanga extract than E.
coli (Gram-negative) with MIC and MBC as 0.325 and 1.3 mg-mLfl, respectively.
Besides, S. epidermidis and Saccharomyces cerivisiae also were sensitive to this
extract. While, the tested microorganisms B. circus, B. megaterium and Streptococcus
lactis were less susceptible to extract. On the other hand, this extract did not show
activity against Gram negative bacteria (Salmonella sp., Enterobacter aerogenes and
P. aeruginosa). In addition, Mayachiew and Devahastin (2008) reported the extracts of
A. galanga against S. aureus with MIC and MBC of 0.78 and 2.34 mg'mL'1 [37]. In 2009,
Latha and co-workers studied the antiplasmid activity of ACA from A. galanga against
multi-drug resistant bacteria. The results revealed that the acetone extract exhibited
antiplasmid against S. typhi, £. coli and vancomycin resistant Enterococcus faecalis
with efficiency of 92, 82 and 8%, respectively at 400 pgmL_1 [56].

In 2009, Pompimon and colleagues reported that the crude extracts of A.
galangal, Curcuma longa, Boesenbergia pandurata and Chromolaena odorata
inhibited mycelial growth of P. capsici with EDgq as 300 pg-m[1 [57]. The study in the
field, hexane extract of A. galanga (20 g~L_1) significantly increased the percentage of
the survival chili (43.6%) after planting in P. capsici-infested soil 7 weeks compared
with captan and bio-control (Trichoderma virens).

In case of antioxidant activity, 50% EtOH in water extract of A. g¢alanga was
determined using  2,2-diphenyl-1-picrylhydrazyl (DPPH) and oxygen radical
absorbance capacity (ORAC) methods. The ethanolic extract was the most effective
radical scavenger with 1Csq as 10.5 mgmL’1 [58]. In addition, Mayachiew and
Devahastin (2008) reported 70.3% antioxidant activity of galangal extracts using B-
carotene bleaching method [59]. Butkhup et al. (2011) reported the antioxidant
activity of A. galanga 78.9 % radical scavenging activity at 2.0 mg-mL’1 compared with
ascorbic acid (96.3%) at the same concentration [60]. Meanwhile, ferrous ion-
chelating value from A. galanga \eave displayed higher than that from the rhizomes
20 times [61]. Singh et al. (2011) reported that the EtOH extract of A. galanga

expressed oxidative stress induced Alzheimer’s type amnesia in mice and the mice
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were treated with the extract at 200 and 400 rﬂgkg1 dose for 14 days and injected
with neurotoxic Amyloid Bs.ss (AB) [62]. They suggested the galanga extract possess
an antiamnesiac effect in AB induced neurodegeneration through an antioxidant
property. Moreover, the concentration, pH and heat were influence on antioxidant
activity [63].

For tyrosinase inhibition property, Weerapreeyakul and co-workers (2012)
observed that the water and ethanolic extracts of galanga rhizome exhibited the
highest mushroom tyrosinase inhibitory activity with 1C5y as 3.33 and 14.2 pg-mLf1
which was higher than vitamin C (19.6 pg-mL ).

Phongpaichit et al. (2005) explored the extracts from Thai medicinal plants
against fungal infections in AIDS patients and indicated the CHCl; extract of A.
galanga (1 mg-discfl) against C. albicans, Cryptococcus neoformans and M. gypseum
with the ranged from 9.6-27.5 mm [64]. Tamura et al (2009) searched for Rev-export
inhibitor from A. galanga rhizome and founded ACA as a new inhibitor for HIV-1 viral
which was similar to the report from Ying et al (2006) that ACA expressed blocking
HIV type 1[65, 66].

In addition, antiulcer, antitumor, anticancer activities of A. galanga extract

were examined. Mitsu et al. (1976) demonstrated the anti-Shay ulcer principles as

ACA and 1'-acetoxyeugenot acetate and the dose of compounds at 5 mg-kg1
displayed 77 and 100% inhibition, respectively [67]. Moreover, Lee and Hounghton
(2005) presented that ACA which isolated from A. galanga of Thailand expressed
cytotoxic efficiency and amount higher than that from Malaysia (against COR L23
cells, ICso 7.8 uM against MCF7, ICso 23.9 uM) [68].

For antiallergic activity, ACA and 1'-acetoxyeugenol acetate exhibited release
of B-hexosaminidase with ICsy 15 and 19 pM, respectively (Matsuda et al., 2003b;
Yasuhara et al., 2009). The anti-inflammatory from the rhizome of A. g¢alanga was
evaluated in acute and sub-acute in rat model and the extract at 1-5% w/w
significant varied from control group [69, 70].

The antileishmanial activity of phenylpropanoids from A. galanga was

demonstrated against Leishmania donovani and among 12 compounds, 1"
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acetoxyugenol acetate exhibited the highest activity with 1Csq 18.9 uM [43]. The
antifeedant activity of four Zingiberaceae plant extracts against Athalia proxima Klug
was conducted and the results showed A. galanga weak effect among all tested
plants [16].

For the essential oil of this plant, Chukanhom et al. (2005) reported the
antifungal activity of the essential oil from galangal rhizome against Saprolegniaceae
pathogen in goldenfish and platyfish [49]. According to the results, geranyl acetate,
linalool and 1,8-cineole (500, 750 and 1,500 ug-mLfl, respectively) completely
inhibited the zoospores germination.

According to the literature review, there were insufficient information of
phytotoxicity and antiphytopathogens asgainst A. porri, C. gloeosporioides, F.
oxysporum and P. parasitica. Thus, this study aims to isolate the major bioactive
constituents from Thai A. galanga rhizomes and to evaluate for their phytotoxic and

antiphytopathogenic activities.

3.2 Plant materials and extraction

Fresh rhizomes were collected from Petchaburi province, Thailand in January
2011. The voucher specimen was submitted to Herbarium of the Royal Forest
Department of Thailand. The rhizomes were cleaned and sliced into small pieces,
and then dried. The dried galangal materials (4 kg) were extracted by maceration
with CH,Cl, for three times at RT. After that, the CH,Cl, extract was filtered and
concentrated to dryness with rotatory evaporator to obtain brown liquid with

pungent-spicy odor (2.3% vyield).

3.3 Separation of the CH,Cl, extract of A. galangal rhizomes with bioassay

guide

One hundred and fifty grams of the CH,Cl, extract were separated by quick
column chromatography using silica gel 60G Art.7729 as adsorbent. The column was
initially eluted with hexane and gradually changed to a mixture of EtOAc and

hexane-EtOAc. Approximately 1 L of solvent was collected for each fraction and then
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concentrated by rotatory evaporator. The fractions were combined according to TLC
results to obtain six fractions, AGR1-AGR6. The results of the separation are shown in

Table 3.1.

Table 3.1 The separation of the CH,Cl, extract from A. galangal rhizomes by quick

column chromatography

Fraction No. Solvent system (%v/ v) Remarks Weight (g)
AGR1 100% hexane Orange oil 21.8
AGR2 5-10% EtOAc in hexane Yellow oil 33.5
AGR3 20% EtOAc in hexane Dark yellow oil 33.9
AGR4 30-40% EtOAc in hexane Brown oil 35.4
AGR5 60-80% EtOAC in hexane Brown solid 2.1
AGR6 100 % EtOAc Dark brown solid 52

AGR1-4 were obtained in high yield as 21.8, 33.5, 33.9 and 35.4 ¢ (14.5, 22.3,
22.6 and 23.6% vyield), respectively, whereas AGR5-6 gave only 2.1 and 5.2 ¢ (1.4 and
3.5% yield), respectively. All six fractions and the essential oil were subjected to anti-
P. parasitica test by agar incorporation method at the final concentration of 1,000
ug-mLf1 as activity guide to search for the active fractions (all tests were performed in
triplicate as described in Chapter II). The activities of these fractions and the essential
oil are shown in Table 3.2 and Figure 3.4.

The results in Table 3.2 and Figure 3.4, AGR2 and AGR3 displayed complete
inhibition of the mycelial growth of P. parasitica, followed by AGR4 and AGR1 (75.5
and 5.0% inhibition). Whereas, AGR5-6 did not inhibit the mycelial growth of the
fungus. For the antifungal activity of the essential oil, moderate activity (55.6%) was
observed. For further study, 250 mg of each fraction: AGR2-4 were subjected to flash

column chromatograph to isolate bioactive compounds.
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Table 3.2 The percentage of mycelial growth inhibition of separated fractions and

the essential oil

Fraction No. Growth (mm) Inhibition (%)*
AGR1 85.0+£0.4 5.0+0.7
AGR2 0.0£0.0 100.0+0.0
AGR3 0.0£0.0 100.0+0.0
AGR4 22.0+£1.0 75.5+1.1
AGR5 90.0+£0.0 0.0£0.0
AGR6 90.020.0 0.0£0.0

Essential oil 40.0+1.0 55.6+1.1
DMSO 90.0+£0.0 0.0+0.0

*Values, an average + standard deviation (SD) of 3 replicates of the mean mycelial

growth inhibition

Figure 3.4 The mycelial growth inhibition zone against P. parasitica by separated
fractions and the essential oil at the final concentration of 1,000 pg-mL"1
Above (left to right): AGR1, AGR2, AGR3, AGR4
Below (left to right): AGR5, AGR6, Essential oil, DMSO
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3.4 Isolation of bioactive compounds

For further study, each fraction (AGR2, AGR3 and AGR4) was subjected to
flash silica gel column (Isolera, Biotage®) using hexane and EtOAc gradient system
(Figure 3.5, Tables 3.3-3.5). The collected portion was checked and combined
according to TLC behavior. The isolated compounds were characterized using
spectroscopic data.

The isolation of bioactive compounds from the CH,Cl, extract of A. galangal

rhizomes is summarized in Scheme 3.1.

Figure 3.5 The machine for flash column chromatography and Biotage ® SNAP
Cartridge KP-Sil pre-pack column



CH,CI, extract of A. galangal rhizomes

(150 g)
| QCC Sio,
AGR1 AGR2 AGR3 AGR4 AGR5 AGR6
100%hexane 5-10% EtOAc/hexane 20% EtOAc/hexane 30-40% EtOAc/hexane 60-80% EtOAc/hexane 100% EtOAc
0%inh 100%inh 100%inh 75.5%inh 0%inh 0%inh
CC Sio, CC SiO,
ACA (3-1) trans-p-coumaryl diacetate trans-p-hydroxycinnamyl acetate trans-p-hydroxycinnamaldehyde
(3-8) (3-6) (3-5)
CC SiO;
ACA trans-p-coumaryl diacetate trans-p-hydroxycinnamyl acetate

Scheme 3.1 The separation of the CH,Cl, extract of A. galangal rhizomes

Table 3.3 The separation of AGR2 by flash column

Fractions

Solvent system (%v/v) Remarks Weight (mg)
AGR2/1 15-20% EtOAC in hexane colorless oil (3-1) 127
AGR2/2 21-25% EtOAcC in hexane light yellow oil 84
AGR2/3 26-30% EtOAC in hexane light yellow oil (3-6) 15

The separation of AGR2 yielded three sub-fractions: AGR2/1-2/3 (Table 3.3).

Compound 3-1 as colorless oil with pungent smell (127 mg, 50.8% yield based on

AGR2) revealed a single spot on TLC with Rf 0.59 (developing system: EtOAc:hexane

(1:1)). The molecular formula of this compound was proposed to be Cy3H;404, MW

234. The 'Hand ~"C NMR spectra of this compound are presented in Figures 3.4-3.5.

The comparison of NMR spectroscopic data of the reported 1"-acetoxychavicol

acetate (ACA) and compound 3-1 is collected in Table 3.4.
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Table 3.4 The comparison of 'Hand °C NMR spectral assignment of 1'-

acetoxychavicol acetate (ACA) and compound 3-1

1'-acetoxychavicol acetate (ACA)* Compound 3-1
Position T = T =
H NMR C NMR H NMR C NMR

1 150.6 150.5
2,6 7.06 (d, J = 8.6 Hz, 1H) 121.6 7.07 (d, J = 8.6 Hz, 1H ) 121.8
3,5 7.36 (d, J = 8.6 Hz, 1H ) 128.4 7.36 (d, J = 8.4 Hz, 2H) 128.6
4 136.5 136.6

1" 6.26 (d, J = 5.9 Hz, 1H) 75.7 6.26 (d, J = 5.9 Hz, 1H) 75.6

2' 5.99 (m, 1H) 1362 5.98(m, 1H) 136.1
3'a 5.27(d,J=163Hz 1H) 117.0 527(d,J=45Hz 1H) 117.2
3'b 5.23(d,J=9.6Hz, 1H) 117.0 524 (d,J=25Hz 1H) 117.2

OCOCH;, 2.09 (s, 3H) 21.1(2) 2.10 (s, 3H) 21.3

2.28 (s, 3H) 21.1 (2) 2.29 (s, 3H) 214
OCOCH,4 169.1 169.5
169.7 170.0

*[71]

The optical rotation of compound 3-1 was [a] 2D0 -57.2° (c 0.039, EtOH) [72].
GC/MS (DEI, 70eV) m/z (rel int, %): 234 (I\/\+, 7.2), 192 (50.7), 174 (9.0), 150 (48.6), 149
(28.1), 132 (100), 103 (15.6) and 77 (20.2). From the NMR, GC/MS data suggested that

compound 3-1 be 1'-acetoxychavicol acetate (ACA).

1"-acetoxychavicol acetate (ACA) (3-1)

Compound 3-8 as light yellow oil (14.7 mg) was obtained from AGR2/3 (26-
30% EtOAc in hexane). It showed only a single spot on TLC with R¢ 0.54 (developing
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system: EtOAc: hexane (1:1)). The molecular formula was suggested as Cy3H404 MW

234. The 'H and °C NMR spectra are shown in Figures 3.8-3.9.
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The comparison of NMR spectroscopic data of the reported trans-p-coumaryl

diacetate and compound 3-8 is collected in Table 3.5.

Table 3.5 The comparison of 'Hand °C NMR spectral assignment of trans-p-

coumaryl diacetate (CDA) and compound 3-8

Position trans-p-coumaryl diacetate (CDA)* Compound 3-8
"H NMR PCNMR "H NMR PCNMR
1 150.8 150.2
2,6 7.07(d,J=85Hz 1H) 121.8 7.05(d, J =8.6Hz, 1H) 121.6
3,5 7.38(d, J =85Hz, 1H) 127.7 7.39 (d, J = 8.6 Hz, 1H) 127.4
4 134.3 133.9
7 6.64(d,J =159 Hz, 1H) 133.3 6.63(d,J =159 Hz, 1H) 133.0
8 6.21 (dt, J = 159,52 Hz, 1H) 123.8 6.24 (m, 1H) 1233
9 4.71(d, J=5.2Hz 2H) 64.9 4.72(dd, J = 6.5, 1.3 Hz, 2H ) 64.8
10 169.0 169.2
11 2.09 (s, 3H) 20.9 2.10 (s, 3H) 20.8
12 170.6 170.6
13 2.28 (s, 3H) 21.0 2.30 (s, 3H) 21.0
1]

Based on the NMR data, compound 3-8 was identified as trans-p-coumaryl

diacetate or trans-p-acetoxycinnamyl acetate.

trans-p-coumaryl diacetate (3-8)
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The TLC of AGR3 displayed at least 3 main spots. The separation of this

fraction was conducted and the results are presented in Table 3.6.

Table 3.6 The separation of AGR3 by flash column.

Fractions Solvent system (%v/ v) Remarks Weight (mg)
AGR3/1 15-20% EtOAC in hexane colorless oil (3-1) 90.2
AGR3/2 21-25% EtOAc in hexane light yellow oil 40.3
AGR3/3 26-30% EtOAC in hexane light yellow oil (3-8) 19.4
AGR3/4 31-35% EtOAC in hexane light yellow oil 15.7
AGR3/5 36-40% EtOAC in hexane colorless oil (3-6) 38.6

The separation of fractions AGR3/1 and AGR3/3 yielded ACA (3-1) and CDA
(3-8). In addition, AGR3/5 contained a different single spot of compound 3-6 as
colorless oil 38.6 mg (15.4% yield based on AGR3) with R 0.49 (developing system:
EtOAc: hexane (1:1)). The molecular formula was suggested as Cy1H;,05 MW 192. The
'Hand °C NMR spectra are presented in Figures 3.10-3.11.
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Figure 3.11 The PC NMR spectrum (CDCl;) of compound 3-6

The comparison of NMR spectroscopic data of the reported trans-p-hydroxy
cinnamyl acetate and compound 3-6 is collected in Table 3.7. According to the NMR
data, compound 3-6 was identified as trans-p-hydroxycinnamyl acetate or trans-p-

coumaryl acetate.

trans-p-hydroxycinnamyl acetate (3-6)
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Table 3.7 The comparison of 'Hand °C NMR spectral assignment of trans-p-

hydroxycinnamyl acetate and compound 3-6

trans-p-hydroxycinnamyl acetate’

Compound 3-6

Position - = - =
H NMR C NMR H NMR C NMR
1 155.9 150.2
2,6 6.80 (d, J =89 Hz, 2H) 115.5 7.07 (d, J = 8.6 Hz, 2H ) 115.5
3,5 7.25(d, /=89 Hz, 2H) 128.1 7.38(d, J = 8.6 Hz, 2H ) 140.1
4 128.7 140.3
7 6.58 (brd, J = 159 Hz, 1H) 134.3 6.02 (brd, J = 16.5 Hz, 1H) 127.6
8 6.12 (dt, J = 15.9, 6.7 Hz, 1H) 120.4 535(d,J=17.1Hz, 1H) 121.7
9 4.71(dd, J = 6.7, 1.3 Hz, 2H ) 65.6 5.15(dd, J = 6.7, 1.3 Hz, 2H ) 74.9
10 171.6 169.7
11 2.11 (s, 3H) 21.1 2.30 (s, 3H) 21.3
OH 5.98 (br s, 1H) 5.20 (d, J = 8.3 Hz, 1H)
73]

Further investigation on the other active fraction was conducted. The

separation of AGR4 furnished 3 fractions as presented in Table 3.8.

Table 3.8 The separation of AGR4 by flash column

Fractions Solvent system (%v/ v) Remarks Weight (mg)
AGR4/1 36-40% EtOAC in hexane yellow oil (cpd 3-6) 76.8
AGR4/2 41-45% EtOAc in hexane dark yellow oil 88.7
AGR4/3 46-50% EtOAC in hexane yellow semi-solid (cpd 3-5) 59.7

By comparing with TLC and "H NMR sprectrum, the compound containing in

AGR4/1 was identical with compound 3. Compound 3-5 (59.7 mg, 23.8% yield based

on AGR4) from AGR4/3 with cinnamon flavor was attained as yellow semi-solid. It

showed a single spot on TLC with Rs 0.35 (developing system: EtOAc:hexane (1:1)).

The molecular formula was suggested as CoHgO, MW 148. Figures 3.12-3.13 show

the 'H and ""C NMR spectra of compound 3-5.
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The comparison of NMR spectroscopic data of the reported trans-p-

hydroxycinnamaldehyde and compound 3-5 is collected in Table 3.9.

Table 3.9 The comparison of 'Hand °C NMR spectral assignment of trans-p-

hydroxycinnamaldehyde and compound 3-5

Position trans-p-hydroxycinnamaldehyde* Compound 3-5
'H NMR PC NMR 'H NMR PCNMR
1 158.2 156.0
2,6 7.7(d,J=8.7Hz 2H) 132.8 7.6 (m,2H) 132.0
3,5 6.9 (d, J =8.6 Hz, 2H) 117.6 6.9 (m, 2H) 117.0
4 161.1 162.3
7 7.7(d,J=15.6Hz, 1H) 158.2 7.6 (s, 1H) 156.0
8 6.7 (d,J =157 Hz, 1H) 126.1 6.6 (dd, J =15.7, 7.9 Hz, 1H ) 126.4
9 9.5(d,J=82Hz 1H) 199.5 9.6(d,J=79Hz 1H) 196.2
*[74]

By comparing the NMR data with previously reported literature, compound 3-

5 was identified as trans-p-hydroxycinnamaldehyde.

trans-p-hydroxycinnamaldehyde (3-5)

The structures of all bioactive compounds isolated from A. galanga rhizomes

are displayed in Figure 3.14.
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Figure 3.14 TLC of bioactive compounds from the CH,Cl, extract of A. galanga
Hexane:EtOAc 1:1
rhizomes

3.5.1 Solvolysis of ACA

The solvolysis of ACA was conducted following the procedure modified by
Yang et al. (1999). ACA (550 mg) was dissolved in 2%EtOH-water, refluxed and stirred
at 60°C; 2 h during reflux the reaction was checked by TLC at 30, 60, 90 and 120
mins. The reaction was quenched with water (30 mL). The reaction mixture was
extracted with Et,0 4-5 times to obtain 2 parts: Et,0 (308.4 mg, 56.1% vyield) and
water parts. The first part (Et,O) was dried over anh Na,SO,. The second part (water)
was adjusted the pH by 0.1 N HCl to pH 9, after that extracted with EtOAc 4-5 times
to obtain EtOAc part (221.5 mg, 40.3% yield) and the water part was discarded. Both
Et,O and EtOAc parts were separated by flash column using 15%EtOAc in hexane to
100%EtOAC as eluents (Tables 3.10 and 3.12).



Table 3.10 The separation of Et,0 part from ACA solvolysis
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Fraction Solvent system (%v/ v) Remarks Weight (mg)
1 15-20% EtOAC in hexane colorless oil (cpd 3-1) 127.9
2 21-25% EtOAC in hexane light yellow oil (cpd 3-8) 32.6
3 26-30% EtOAC in hexane yellow oil (cpd 3-24) 48.8
4 31-35% EtOAc in hexane dark yellow oil 225
5 36-40% EtOAC in hexane dark brown oil 26.6

Using TLC, the compounds from fractions 1 and 2 could be identified as

compounds 3-1 and 3-8. Compound 3-24 as yellow oil showing a single spot on TLC

with R¢ 0.55 (developing system: EtOAc:hexane (1:1)) was obtained from fraction 3

(48.8 mg). Figures 3.15-3.16 show the 'Hand °C NMR spectra of compound 5.
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The comparison of NMR data of the reported trans-p-coumaryl alcohol ethyl

ether and compound 3-24 is collected in Table 3.11.

Table 3.11 The comparison of 'Hand °C NMR spectral assignment of coumaryl

alcohol ethyl ether and compound 3-24

Position trans-p-coumaryl alcohol ethyl ether Compound 3-24
'H NMR PC NMR "HNMR PC NMR
1 129.2 129.7
2,6 7.23(d, J = 8.4 Hz, 2H) 127.8 7.24 (d, J = 8.6 Hz, 2H) 128.0
3,5 6.76 (d, J = 8.8 Hz, 2H ) 115.5 6.77 (d, J = 8.6 Hz, 2H) 115.7
4 155.7 155.6
7 6.52 (d, J = 16.0 Hz, 1H) 132.5 6.52 (d, J = 15.9 Hz, 1H) 132.5
8 6.13 (dt, J = 16.0, 6.4 Hz, 1H ) 123.4 6.14 (dt, J = 15.8, 6.4 Hz, 1H ) 123.8
9 4.13(dd, J=6.4,1.2 Hz, 2H ) 71.4 4.13(dd, J = 6.3, 1.4 Hz, 2H ) 71.6
10 3.56 (g, = 7.2 Hz, 2H) 65.6 3.56 (g, /= 7.0 Hz, 2H ) 65.8
11 1.25(t, J = 7.2 Hz, 3H) 15.1 1.25(t, J = 7.0 Hz, 3H) 15.3

*[75]
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According to the NMR data, compound 3-24 was identified as trans-p-

coumaryl alcohol ethyl ether.

trans-p-coumaryl alcohol ethyl ether

Table 3.12 The separation of EtOAc part from ACA solvolysis

Fraction  Solvent system (%v/ v) Remarks Weight (mg)
1 15-20% EtOAc in hexane colorless oil (cpd 3-1) 1125
2 21-25% EtOAC in hexane light yellow oil (cpd 3-8) 15.3
3 26-30% EtOAC in hexane light yellow oil (cpd 3-6) 24.7
i 36-40% EtOAC in hexane white crystal (cpd 3-17) 52.2

Compound 3-17 (9.5% yield based on ACA) as white crystal showed a single
spot on TLC with R¢ 0.36 (developing system: EtOAc:hexane (1:1)). Figures 3.17-3.18

present the "Hand °C NMR spectra of compound 3-17.
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Figure 3.18 The PC NMR spectrum (CDCl;) of compound 3-17

The comparison of NMR data of the reported trans-p-acetoxycinnamyl

alcohol and compound 3-17 is collected in Table 3.13.

Table 3.13 The comparison of 'Hand °C NMR spectral assignment of trans-p-

acetoxy cinnamyl alcohol and compound 3-17

Position trans-p-acetoxycinnamyl alcohol Compound 3-17
"H NMR PCNMR 'H NMR C NMR
1 134.5 134.6
2,6 7.35(d, J = 8.4 Hz, 2H) 127.4 7.38 (d, J =85 Hz, 2H) 127.6
3,5 7.02(d,J=8.4Hz 2H) 121.6 7.04(d, J = 8.6 Hz, 2H ) 121.8
4 150.0 150.2
7 6.57 (d, J = 16.0 Hz, 1H) 130 6.60 (d, /=159 Hz, 1H) 130.2
8 6.28 (dt, J = 16.0, 5.6 Hz, 1H ) 128.8 6.31(dt,J = 15.9,5.7 Hz, 1H) 128.9
9 4.29 (dd, J = 5.6, 1.6 Hz, 2H ) 63.5 4.32(dd, J=57,15Hz, 2H) 63.8
10 169.4 169.6
11 2.27 (s, 3H) 21.1 2.30 (s, 3H) 21.3

*[75]
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According to the NMR data, compound 3-17 was identified as trans-p-

acetoxycinnamyl alcohol.

trans-p-acetoxycinnamyl alcohol (3-17)

Moreover, ACA was further derivatized yielding trans-p-coumaryl alcohol ethyl
ether (3-24) and trans-p-acetoxycinnamyl alcohol (3-17). The structures of isolated
compounds from A. galanga rhizome and solvolysis of ACA are displayed in Figure

3.19.

O
1 acetoxychawcol acetate (3-1) trans-p-coumaryl diacetate (3-8)

HO

trans-p- hydroxycmnamy acetate (3-6)  trans-p-hydroxycinnamaldehyde (3-5)
o Ty~
HO )J\
trans-p-coumaryl alcohol ethyl ether (3-24) trans-p-acetoxycinnamyl alcohol (3-17)

Figure 3.19 Chemical constituents isolated from Thai A. ¢galanga rhizomes (3-1, 3-5,

3-6 and 3-8) and derivatives (3-24 and 3-17).

ACA, the main bioactive compound isolated from the rhizomes of A. galangal

revealed phytotoxicity and antiphytopathogenic fungal activities. The amount of ACA



53

was achieved in high level (more than 40 mgg’1 dry weight) in old galangal rhizome
from Petchaburi province [76]. This attained amount was higher than that obtained
from other reports [68]. Nonetheless, no ACA was reported as a constituent in the
essential oil or water extract because it was not stable in aqueous solution and

hydrolyzed to other compounds [77].

3.5.2 Chemical compositions of the essential oil from the fresh rhizomes of

A. calanga

According to aforementioned result, the essential oil exhibited good antifungal
activity (55.6% inhibition). The further investigation was conducted by hydro-
distillation of fresh rhizomes (2.7 kg) using Clevenger apparatus to gain 6.1 ¢ (0.22%
yield of fresh weight) as yellow and specific odor oil. The chemical compositions of
the essential oil were analyzed by GC-MS as presented in Figure 3.20 and Table
3.12.
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Figure 3.20 GC-MS chromatogram of the essential oil from A. galanga rhizomes
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A. galanga

No. R¢ (min) compounds %composition
1 10.84 1,8-cineole 72.45
2 15.01 myrcenol 0.43
3 15.29 terpinen-4-ol 2.88
4 15.72 a—terpineol 1.24
5 19.72 2-acetoxy-1,8-cineol 12.98
6 19.79 4-allylphenyl acetate 2.57
7 20.75 geranyl acetate 0.49
8 21.13 B-elemene 0.83
9 21.97 B-caryophyllene 2.30
10 22.72 B-farnesene 0.58
11 23.75 B-selinene 1.38
12 23.93 a -selinene 0.44
13 24.15 a-bisabolene 1.42

The main composition was identified as 1,8-ceneole or eucalyptol (72.45%).

Other compositions included 2-acetoxy-1,8-cineol (12.98%), terpinen-4-ol (2.88%), 4-

allylphenyl acetate (2.57%), caryophyllene (2.30%), a-bisabolene (1.42%), B-selinene

(1.38%), a-terpineol (1.24%), B-elemene (0.83%), B-farnesene (0.58%), geranyl acetate

(0.49%), a-bisabolene (0.44%), and myrcenol (0.43%).

The biological active compound production in plants is depended on several

factors: both of genetic, environment and the interactions between gene and

environment [78]. The plantation areas and the environmental factors such as

weather, soil, soil fertility, light, temperature, humidity and pH are also important

influence [79]. The major composition of the essential oil from rhizome of A. galanga

in the northern part of Thailand displayed the concentration of 1,8-ceneole 21.6%

which less than from central part of Thailand especially in Cha-Am district,

Petchaburi province that we studied. Because the samples that we used are growing
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in different region which have many factor influence to chemical composition in
tested plants [80]. In addition, the content of chemical concentration also depends
on the age of study plant.

Moreover, compared with other reports on the major constituent and the
content of 1,8-ceneole from A. g¢alanga cultivated in different area of the world.
Similarity of this research, the essential oil of this plant were analyzed by GC and GC-
MS, the major compound as 1,8-ceneole as 58.5% [81], 40.5% [82] in Malaysia and
63.4% in north east India [83], 33.0 and 30.2% in Bangalor and Hyderabad India,
respectively [84]. Together with 1,8-ceneole has been reported in many plants and
also in various species of Alpinia (A. galanga, A. officinearum, A. malaccensis and A.
conchigera) showed the different concentration [85]. However, zerumbone (44.8%)
was first reported as a major compound in A. galanga essential oil in Sri Lanka and
the content of 1,8-ceneole (6.3%) [86]. On the other hand, some research reported
limonene as the composition in essential oil of A. galanga, however some report
doesn’t show limonene peak. Similarity, in this studies limonene peak didn’t show as
composition in A. galanga. Moreover, the chemical constituent of the oil depend on

the method of preparation, parts and age of plant [81].

3.5.3 Antiphytopathogenic fungi activity of the essential oil and major

compounds from A. galanga rhizomes

The essential oil and major compounds, 1,8-cineole commercial (Fluka) and
terpinen-4-ol (isolated from Z cassumunar essential oil) were evaluated for their
antifungal activity against four phytopathogenic fungi using agar incorporation method
at various concentrations (1, 10, 100, 250, 500 and 1000 pgomLfl). The results are
demonstrated as shown in Tables 3.13-15 and Figures 3.21-23.
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Table 3.15 The percent inhibition and ICs, values of the essential oil of A. galanga

against phytopathogenic fungi

A. porri C. gloeosporioides F. oxysporum P. parasitica

Conc. growth growth growth growth
%inh %inh %inh %inh

(mm) (mm) (mm) (mm)
control 78.0+£2.6 0.0 84.3+0.6 0.0 90.0+£0.0 0.0 90.0+0.0 0.0
1 77.0+£1.7 1.3 84.3+£0.6 0.0  90.0+0.0 0.0  90.0£0.0 0.0
10 73.3+2.9 6.0 83.3+£0.6 1.1 88.3t1.5 1.9 90.0+0.0 0.0
100 70.3+£1.5 9.8 79.0+£1.0 6.3  86.3x0.6 41 85000 5.6
250 69.3+1.2 111 78.0+£0.0 7.5 81.0+£3.6 10 82.3t2.1 85
500 68.3£2.5 13.7 71.3£1.5 154  77.7+25 137  69.7£15 226
1000 60.0+3.6 23.1 61.3+0.6 27.2  58.0t6.1 356 40.3+0.6 552

ICso” >1000 >1000 >1000 840

"concentration (pg-mL-1), *Inhibition percentage of each concentration was calculated as ICsy using graphically

Table 3.16 The percent inhibition and ICs, values of the 1,8- cineole against

phytopathogenic fungi

A. porri C. gloeosporioides F. oxysporum P. parasitica
conc.* growth growth growth growth
() %inh TALE %inh (rm) %inh () %inh
control 78.310.6 0 90.0+0.0 0 80.3+0.6 0 90.0+0.0 0
1 77.7£0.6 0.8  90.0+0.0 0 80.0£0.0 04 85.0+1.0 5.6
10 76.7£0.6 2.1  90.0+0.0 0 72.7+2.5 95 84.0£1.0 6.7
100 79.3+0.6 2.4  90.0+0.0 0 78.7x23 126 82.7+25 8.1
250 78.7£0.6 3.2  87.7+0.6 2.6 77725 137 73.7+0.6 18.1
500 73.7+1.2 59  79.3x1.2 3.6 75.0£0.0 167 69.7x0.6 22.6
1000 71.0£00 93 85712 4.8 62.7+1.2 220 66.3+23 263
ICso” >1000 >1000 >1000 >1000

*concentration (pg-mLfl), ®Inhibition percentage of each concentration was calculated as ICso using graphically
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Table 3.17 The percent inhibition and ICs, values of terpinen-4-ol against

phytopathogenic fungi

A. porri C. gloeosporioides  F. oxysporum P. parasitica
conc.* growth growth growth

(mm) %inh growth (mm) %inh () %inh (mm) %inh
control 78.3+£0.6 0 90.0+0.0 0.0  89.0+0.0 0 90.0£0.0 0.0
1 753£29 36 90.0+0.0 0.0 880+0.0 1.1 90.0+0.0 0.0
10 74.0£1.7 5.1 88.7+1.5 1.5  84.0+3.6 56 90.0£0.0 0.0
100 73.7£12 59 87.3+0.6 33 70.0£0.0 213 90.0+0.1 0.0
250 733+0.6 6.3 75.7£1.2 8.1 653x0.6 274 793x15 119
500 68.0£0.0 132 63.7+£3.2 226 577£25 359 69.7+0.6 226
1000 34.7+25 557 64.7£3.5 422  243+46 727 29.3+06 674

ICso 925 >1000 675 755

*concentration (pgmL'l), “Inhibition percentage of each concentration was calculated as IC5, using graphically
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The antifungal activity of essential oil and pure compounds including and
terpinen-4-ol were showed in Tables 3.13-15 and Figures 3.19-21. According to the
results, terpinen-d-ol displayed antifungal activity against all tested fungi higher than
1,8-cineol. Which terpinen-4-ol showed the ICs, against A. porri, F. oxysporum and P.
parasitica as 925, 675 and 755 pgmL’l, respectively.

Previously, essential oil and 1,8-cineole were reported as antimicrobial,
Tangjitjaroenkun (2010), studied the antifungal activity of terpinen-4-ol and the result
showed percent inhibition against F. oxysporum and F. oxysporum f.sp. vasinfectum
with 1Cs 1,671 and 3,038.3 pgmL’l, respectively [20]. The essential oil of A. galanga
has been reported as antibacterial activity against Salmonella typhimurium, S.

enteritidis, E. coli, Clostridium perfringens, Campylobacter jejuni [87].

3.6 In vitro antiphytopathogenic fungi activity of isolated compounds and their

derivatives
3.6.1 Minimum inhibition concentration (MIC)

Alternaria porri (NBRC 9762), Colletotrichum gloeosporioides (NBRC 104617),
Fusarium oxysporum (NBRC 7152) and Phytophthora nicotianae (NBRC 4873) were
four selected fungi. The antiphytopathogenic activities were conducted by

microwells dilution method using 96 well-microtitre plates. Compounds were

dissolved in DMSO and added at two-fold serial dilutions (7.8 to 1000 pg-ml__l) to
sterilized potato dextrose broth (PDB). Then 100 pL of fungal spore suspensions (10°
spore-mLfl) was inoculated. DMSO (0.4% v/v) using as a control had no effect on the
fungal growth. After incubation at 27°C for 48 h, turbidity of PDB medium was
measured to determine a minimum inhibition concentration (MIC, pg-mL_1) and
repeatable of triplicates. The MICs of CH,Cl, extract and isolated compounds from A.

galangal against four selected phytopathogenic fungi are presented in Table 3.18.
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Table 3.18 MICs of CH,Cl, extract and isolated compounds against selected

phytopathogenic fungi
MICs (ug-mL™)

Extract/Compounds

A. por C. glo F. oxy P. nic
CH,Cl, extract 315 250 500 315
1"-acetoxychavicol acetate (ACA) (3-1) 31.5 250 250 15.6
trans-p-coumaryl diacetate (3-8) 500 500 1000 500
trans-p-hydroxycinnamy! acetate (3-6) 250 250 250 31.5
trans-p-hydroxycinnamaldehyde (3-5) 250 500 500 125
trans-p-coumaryl alcohol ethyl ether (3-24) 250 500 500 125
p-acetoxycinnamyl alcohol (3-17) 250 500 1000 125

ACA displayed the highest antifungal activity against P. nicotianae and A. porri
with MICs 15.6 and 31.5 pg°mL_1, respectively. This compound exhibited moderate

activity against C. gloeosporioides and F. oxysporum with MICs 250 pg-mLfl. In
addition, trans-p-hydroxycinnamyl acetate (3-6) revealed strong inhibition against P.
nicotianae (MIC: 31.2 pg-mLfl), and other three fungi with MICs of 250 pg-mLfl. Trans-
p-coumaryl diacetate (3-8) showed weak inhibition against all selected
phytopathogenic fungi (MICs 500-1000 pg-ml__l). For the antiphytopathogenic activity
of CH,Cl, extract, P. nicotianae and A. porri were suppressed more than other fungi,

followed by C. gloeosporioides and F. oxysporum with MICs: 31.5, 250 and 500

pg-ml_—l, respectively.

3.6.2 ICsy of ACA against phytopathogenic fungi

ACA (3-1) was tested in triplicate against phytopathogenic fungi by acar
incorporation method at various concentrations (0, 1, 10, 100 and 1,000 pg°mL_1).
After incubated at 27°C for 5 days, the mycelium growths of fungi were measured
and calculated for %inhibition and ICs,. The results are presented in Table 3.19 and

Figure 3.24.
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Table 3.19 Inhibitory effect of ACA (3-1) on the mycelium growth of phytopathogenic

fungi
Inhibition (%) a
. -1 -1 -1 -1 IC50
Fungi 1 pg-mL 10 pg-mL 100 pg-mL 1,000 pg-mL
A. porri 4.2+23  12.3%1.1 19.2+0.5 52.7£1.0 900
C. gloeosporioides 3.0+2.5 7.4+0.6 9.2+1.5 46.3+0.6 >1000
F. oxysporum 0.0+0.0 8.6+4.1 14.1+2.5 64.8+2.9 700
P. parasitica 59+25 11.1£0.0  38.9+1.0 100.0+0.0 200

*Values, an average + standard deviation (SD) of 3 replicates of the mean mycelial growth inhibition

“Inhibition percentage of each concentration was calculated as ICs, using graphically

ACA completely inhibited radial mycelial growth of P. parasitica at 1,000

ug-ml__l, followed by F. oxysporum, A. porri and C. gloeosporioides with %inhibition
of 64.8, 52.7 and 46.3%, respectively. This compound also showed antifungal activity
against phytopathogenic fungi with 1Cs, of 200, 700, 900 and over 1,000 pg-mLJ,
respectively. Jamkratoke and colleagues (2002) reported the antifungal activity
against C. gloeosporioides with 87.6% inhibition at 10,000 pg-mL’1 [88].

Previous studies of Alpinia species, especially A. galanga, displayed board
spectrum inhibitory activity against microorganisms [36, 89]. However, Aziz and co-
workers (2013) found that the CH,Cl, extract from A. conchigera displayed antifungal
activity against dermatophytes stronger than an individual compound which may
cause by the synergism of each compound [90]. However, ACA as a pure compound

in this study showed antiphytopathogenic activity higher than the CH,Cl, extract.
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Control 1 pg-ml__1 10 pg-mL_l 100 ug'mL_l 1,000 Ug'mL_l

Figure 3.24 The mycelial growth inhibitions zone by ACA (3-1) various concentrations
against A. porri (A), C. gloeosporioides (B), F. oxysporum (C), P. parasitica
D).

3.6.3 Antifungal activity of ACA (3-1) against spore germination

Spore suspension was prepared using mycelial of F. oxysporum (7 day old)
added sterilized water and mix. After that, filtrated and adjusted the concentration of
spore suspension at 10° spore-mL_1 by potato dextrose broth. ACA (3-1) solution was
prepared at various concentrations (103, 104, 5><1OL1 and 105). ACA (3-1) solution 50 L

were added into 450 pL of spore suspension for final concentration of ACA at 10,

100, 500 and 1000 pg-mL_l. The results are presented in Figure 3.25.
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Figure 3.25 Antifungal activity of ACA against spore germination of F. oxysporum.

Bar graphs are indicated as means + SD of the mean (n=3).

As the results in Table 3.18, the higher spore germination could be observed

when the concentration of ACA (3-1) increased. The complete spore germination was

inhibited at 500 pg-mLi. This compound strongly inhibited at the lowest
concentration (85.2%). When compared the antifungal activity between against the
mycelial growth and spore germination, the concentration of ACA using against spore
germination less than mycelial growth was detected. Since, the cell wall of spore
and mycelial are different. The cell wall of mycelial consists of cellulose except in
case of P. parasitica the cell wall contained chitosan and the mycelial cell wall

thicker than spore [3].
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3.7 Phytotoxicity of isolated compounds and their derivatives against lettuce
(Lactuca sativa L.cv. Great Lake) and Italian ryegrass (Lolium

multiflorum Lam. cv. Wasefudou)

The phytotoxic effects of tested compounds and CH,Cl, extract against
lettuce seedling (L. sativa) and lItalian ryegrass (L. multiflorum) were assayed in Petri

dishes (P2: 45 mm internal diameter, 10 mm height). A tested compound was

dissolved in acetone, applied using a concentration range between 10-1000 ug-mLf1
and poured on 40 mm diameter of filter paper (No.2; Advantec, Tokyo, Japan). The
solvent was allowed to completely dry. After adding 2 mL of distilled water, 10
germinated lettuce seedlings and Italian ryegrass were placed on the filter paper for
each treatment with three replicates. Acetone was used as control. After incubating
for 6 days for lettuce and 4 days for Italian ryegrass at 28°C under light condition, the
seedling growth in terms of shoot and root for [talian ryegrass and length of
cotyledon, shoot and radical length for lettuce and the total fresh weight were
recorded as plant growth indices. ICsy was calculated in terms of pg-ml_’1 and mM.

The results are shown in Figures 3.26-3.27 and Table 3.20.
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Figure 3.26 The phytotoxicity of isolated compounds and their derivatives against

ltalian ryegrass after incubation for 4 days.
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Figure 3.27 The phytotoxicity of isolated compounds and their derivatives against

lettuce seedling after incubation for 6 days
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Table 3.20 Phytotoxicity of CH,Cl, extract, isolated compounds and their derivatives

Concentration Inhibition (%)
(pg'mL{) Lettuce [talian ryegrass
Cotyledon  Hypocotyl Radicle ICs0* Shoot Root ICs0*
(mM) (mM)
DCM extracts
100 129+1.7""  21.6:08  59.6+9.9°  79.2 38.8+23"  50.7x30° 902
250 153187 23511 100.00.0° 48.8+1.7°  60.5+1.8
500 41.1:15°  549:07°°  100.0:0™ 64.4:09°  74.8:20"
ACA (3-1)
100 145:15"  17.6+13  100.0:0.0° 487 193:104  16.7+63°  363.0
250 21.0£13%" 471208 100.0:00°  (0.21) 20.6+4.6°  30.7+107"  (1.55)
500 67.0:08°  80.4+0.0°  100.0+0.0° 40.2+23%" 38952
trans-p-coumaryl diacetate (3-8)
100 24406  39.2¢037 170945  116.1 30.3+6.1"  31.7+57"" 4897
250 56:15  43.1x07°°  100.0:00°  (0.49) 31.7+7.4  352+46°"  (2.09)
500 16.1+1.6" 643206  100.0£0.0° 40.0:83"  386:6.3"
trans-p-hydroxycinnamyl acetate (3-6)
100 121207"" 314413 136+97° 1449 46.5+36°  283+76 1563
250 137+12"" 431208 86.4+36°  (0.75) 56.0+69°  60.1x49°  (0.81)
500 29.8+2.2°°  82.4+00"  100.0+0.0° 63.1:63"  70.6+3.8"
trans-p-hydroxycinnamaldehyde (3-5)
100 29.0£13% 3142077 155:56™ 3292 268:52° 89157  964.9
250 36.3+08  39.2:03%  155:7.0"  (2.22) 27.1+73"  13.0:85"  (6.52)
500 37.9+1.2° 451204 63.8+3.5° 35.1+6.6"  20.5:5.1"
trans- p-acetoxycinnamyl alcohol (3-17)
100 113:08"  255+09"  20.8+39ef  227.7 48.0:57°  556:81°  50.0
250 18512 275:13"  24.9+46"  (1.19) 50.4:7.8%  58.0:59°  (0.26)
500 185+1.7%"  784+03"  958+35" 57.1425" 802433
trans-p-coumaryl alcohol ethyl ether (3-24)
100 21011 56.9:04°  08:6.2" 4807 28.0+4.4"  403:57° 1972
250 27.4:07"" 54904  106:73"  (2.73) 38.8+5.6" 4274457 (1.12)

500 331412 59.9+03°  50.6+2.3° 40.4+38"%"  60.4+4.7°

* |Cs of radicle and root inhibition (pg-erl, (mM)) were determined by Probit analysis
Means + SD within the same column indicated by different letter are significantly different (Tukey’s HSD, P<0.05),
(n=30)
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The CH,Cl, extract showed strong inhibition both against lettuce seedlings

and Italian ryegrass (100 and 87.1% inhibition). The ICs, of lettuce seedlings from the

CH,Cl, extract was 87.5 pg-mLf1 which was higher than those isolated compounds
and their derivatives except ACA (3-1). The separation of this active fraction led to
the isolation of ACA (3-1) which displayed the highest inhibition against lettuce
seedlings, followed by trans-p-coumaryl diacetate (3-8) and trans-p-hydroxycinnamyl
acetate (3-6) with ICsy: 0.11, 0.89 and 0.91 mM, respectively (Table 3.20).

ACA (3-1) displayed an effect on the cotyledon to deform with roll shape and

chrolosis at 500 pg'ml_—l. In addition, this compound completely suppressed lettuce

seedlings growth at 1000 pg-mLfl, blocked the main root growth even at 50 pg-ml_’1

and stimulated the growth of lateral root compared with the lettuce seedlings at 10
w;'mL’1 (Figure 3.28). The other compounds showed completely blocked the main

root of lettuce seedling at 250 pg-m[1 and stimulated the lateral root replacing for

maintenance their growth.

& é)'%

T /|

\ /
50 pgmL! 10 pgmL?!

Figure 3.28 The phytotoxicity of ACA against lettuce seedlings at 50 pg-mLfl. The
arrow showed the completely destroyed main root and the lettuce had two lateral

root.

All studied compounds exhibited strong inhibition to radicle growth of lettuce

at 1,000 pg'mL_1 (Figure 3.29). For ltalian ryegrass, p-acetoxycinnamyl alcohol (3-17)

showed the highest suppression on the growth of this weed, followed by trans-p-
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hydroxycinnamyl acetate (3-6) (ICso: 0.29 and 0.99 mM, respectively). All tested
compounds showed higher %inhibitory against the root (66.8-85.7%) than the shoot

(56.7-74.3%) at 1,000 pg'ml_—l. The fresh weight of tested plants was decreased when
the concentration of tested compounds increased (Figure 3.30). This result showed
more effective inhibition to dicotyledon than monocotyledon, especially the root

part of lettuce seedling.
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Figure 3.29 The phytotoxic activities of ACA and its derivatives against lettuce

Root inhibition (%)

seedling (M) and [talian ryegrass (M) at 1000 pg-mLfl.

Compounds 1: ACA; 2: trans-p-acetoxycinnamyl acetate; 3: trans-p-
coumaryl acetate; 4: trans-p-coumaryl aldehyde; 5: trans-p-
acetoxycinnamyl alcohol; 6: trans-p-coumaryl alcohol ethyl ether; 7:
DCM extract. Bar graphs are indicated as means + SD of the mean
(n=30). Different alphabetical letters indicate that values compared

are significantly different (ANOVA, Tukey’s HSD, P<0.05).
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Figure 3.30 Fresh weights (mg) of lettuce seedlings (left) and Italian ryegrass (right) vs
concentrations of tested compounds their derivatives: (¥),CH,Cl, extract;
(O), ACA (3-1); (@), trans-p-coumaryl diacetate (3-8); (), trans-p-
hydroxycinnamyl acetate (3-6); (B ), trans-p-hydroxycinnamaldehyde (3-
5); (A), p-acetoxycinnamyl alcohol (3-17); (A), coumaryl ethyl ether (3-
24).



ACA (3-1) contained two acetoxy groups: one at para position of the benzene

ring while the other at 1" position on the side chain. Comparing the structures of ACA
(3-1) and trans-p-coumaryl diacetate (3-8), one of the acetoxy groups of the latter
was located at the end of side chain. Both phytotoxic and antifungal activities were

dropped in the case of trans-p-coumaryl diacetate (3-8), indicating the important site

of the acetoxy group at 1’ position on the side chain. The presence of exo-
methylene in ACA (3-1) also exhibited better phytotoxicity against lettuce seedlings
than that of the endo-methylene group in trans-p-coumaryl diacetate (3-8). In
addition, when replacing p-acetoxy group with hydroxyl group, the
antiphytopathogen activity was increased against all tested fungi. Moreover,
comparing trans-p-hydroxycinnamyl acetate (3-6) and trans-p-acetoxycinnamyl
alcohol (3-17), where the hydroxyl and acetoxy groups in both compounds were
interchanged. The antifungal activity of the former was less than the other
compounds. Thus, the phenolic hydroxyl group at para position was essential to this
biological activity. Oonmetta-aree and co-workers (2006) reported that ACA (3-1) had
a mechanism of action involving disruption of cytoplasmic membrane and
coagulation cell contents [55]. The present study was in good accordance with the

previous report; ACA (3-1) had a higher activity than other compounds.

According to this study, it was suggested that 1’-acetoxy group in chavicol
analogues be required for the phytotoxic and antiphytopathogens activity. The other
compounds exhibited slightly activity because they did not contain the para
phenolic hydroxyl group, which is thought to confer activity because it can initiate
free radical attack on membrane lipids of fungi [68]. These findings indicated that

acetoxyl and hydroxyl groups showed important inhibitory activity.
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3.8 Conclusion

From the screening part, the CH,Cl, extract from the rhizomes of A. galanga
showed higher antifungal activity against P. parasitica than MeOH extract. The
isolation of CH,Cl, extract together with exploring bioassay activity of separating
fractions led to the isolation of 4 bioactive compounds against phytopathogenic
fungi. Those included ACA (3-1), trans-p-coumaryl diacetate (3-8), trans-p-
hydroxycinnamyl acetate (3-6) and trans-p-hydroxycinnamaldehyde (3-5). Two
compounds (trans-p-coumaryl alcohol ethyl ether (3-24) and p-acetoxycinnamyl
alcohol (3-17)) were obtained from the basic solvolysis of ACA (3-1). ACA (3-1)
showed the highest antifungal activity against P. parasitica and strongly inhibited the
growth of lettuce seedlings. According to this investigation, ACA (3-1) was interesting

for further in vivo studies on pineapple leaves and suckers.



CHAPTER 4
ANTIPHYTOPATHOGENIC FUNGAL AGENTS FROM THE HEARTWOODS OF

Mansonia gagei Drumm.

4.1 Introduction of Mansonia gagei Drumm.

Mansonia gagei Drumm. (Sterculiaceae) has been used as a traditional
medicinal plant. Only one species was found in Thailand [91]. The common names in
Thai were chan-cha-mod, chan-hom and chan-pha-ma. This plant has been used as
cardiac stimulant, onilivertico, antiemetic, antidepressant and refreshment agents
[92].

The plants in Mansonia genus have general characteristics as follows: “large
tree, scattered in dry evergreen forests on the slope of limestone hills, leave simple,
toothed, flower several in a short inflorescence”. A natural dry wood scented was
used for cremation ceremony [93]. The flower, leave and heartwood of M. gagei are

presented in Figure 4.1.

Figure 4.1 Flower, leave and heartwood of M. gagei Drumm.

The chemical constituents of the Mansonia genus have been investigated.

The separation of the heartwoods of M. altissima led to the isolation of primarily 1,2-
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naphthogiunones- the mansonone type, mansonones A-H (4-1 to 4-8) [94, 95],
mansonone | (4-9) [96] and mansonone L (4-10) [97]. Four new sesquiterpenoid
derivatives isolated from the CH,Cl, extract of the heartwoods of M. gagei were
identified as mansonones N- Q (4-11 to 4-14) [98]. Three more new compounds:
mansonones R and S (4-15 and 4-16) mansoxetane [4-(3-hydroxy-1,2-oxetanyl)-2,2-
dihydroxy-4-(2-formyl-1-ethyl)-6,6-dimethoxy biphenyl] (4-17), dehydrooxoperezinone
(4-18), 3-methoxy-4,5-dihydroxybenzaldehyde (4-19) [99, 100] were additionally

identified. In  addition, three new coumarins: 3,8-dimethyl-5-isopropyl-6-
methoxycoumarin (mansonrin A) (4-20), 3,8-dimethyl-5-isopropy!-6-hydroxycoumarin
(mansorin B) (4-21) and 2,3-dihydro-3,6,9-trimethyl naphtho[1,8-bc]pyran-7-oxa-8-one
(mansorin C) (4-22) were addressed. Figure 4.2 shows the chemical structures

isolated from Mansonia spp.
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Figure 4.2 The chemical structures of Mansonia spp.
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Figure 4.2 (cont.)

Only a few studies on biological activity from Mansonia spp. have been

reported. In 2003b, Tiew and co-workers reported antifungal, antioxidant and
larvicidal activities of isolated compounds from the heartwoods of M. gagei.
Mansonone C (4-3) displayed potent antifungal activity against Cladosporium
cucumerinum and Andida albicans, and larvicidal activity against Aedes aegypti
followed by mansonone E (4-5) and mansorin A (4-20) [18].

However, only
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mansonone N (4-11) showed radical scavenging activity. Tiengtham et al. (2004)
isolated nine compounds from the roots of M. gagei. Mansonone C (4-3) exhibited
high antihistamine activity with 92% at 0.1 mg-mL—l [101]. The cytotoxicity of the
hexane and CH,Cl, extracts against brine shrimp Artemia salina Linn. exhibited LCsy
of 23.69 and 22.83 pg-ml_’l. Among isolated compounds, mansorin B (4-21) and
mansonone C (4-3) revealed high activity against brine shrimp with LCs, of 0.61 and
2.08 ug-mL_1 [102]. In addition, the anti-multidrug resistant bacteria from the extract
of M. gagei cotreatment with chloramphermical and tetracyclines were investigated
[103].

The antithrombin and anticancer activities of the extract from the heartwoods
of M. gagei were examined by Tiew (2002) [99]. The CH,Cl, extract displayed high
antithrombin activity of 71% inhibition at 1,000 pg-mLfl. Among the isolated
compounds, dehydrooxoperezinone (4-18), mansonones H (4-8) and G (4-7) inhibited
strong activity with 99.7, 97.6 and 96.3%, respectively. For the anticancer activity,
mansonones C (4-3), G (4-7) and H (4-8) demonstrated potent inhibitors against
cancer cell lines. Mansorin A (4-20) displayed selective activity against human
myeloma with 87.5% inhibition, while mansorin B (4-21) inhibited human leukemia
and human breast carcinoma with 87.0 and 95.3% inhibition, respectively. The anti-
estrogenic activity from this plant using yeast two-hybrid assay was investigated by El-
Halawany and coworkers (2007, 2011 and 2013). Mansonones C (4-3), G (4-7), F (4-6)
and S (4-16) displayed the most potent estrogen binding and estrogen antagonistic
effects. Changwong et al., (2012) isolated mansorins A-C (4-20 - 4-22), mansonones C
(4-3), E (4-6), G (4-7) and H (4-8) from the heartwoods of M. gagei. Mansonone E (4-5)
revealed the highest both of acetyl cholinesterase (AChE) and butyryl cholinesterase
(BChE) with low ICsq of 23.5 and 62.4 uM, respectively [104].

To the best of our knowledge, there was no report concemning the
antiphytopathogenic activity from the heartwoods of M. gagei. The objectives of this
study are to isolate the active compounds from M. gagei and to test

antiphytopathogenic fungi activity against four selected fungi.
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4.2 Plant materials and extraction

The heartwoods of M. gagei were purchased from the herbal drugstore
“Chow Khrom Per”, Bangkok, Thailand in October 2010. The voucher specimen no.
43281 was submitted to Herbarium of the Royal Forest Department of Thailand.
Dried heartwoods (10 kg) were milled and extracted three times with CH,Cl, at RT.
The extracts were filtered and the solvent was removed by vacuum rotatory

evaporator to give 315.3 g of the CH,Cl, extract (3.15% yield).

4.3 Separation of the CH,Cl, extract and bioassay test

The CH,Cl, extract (220 ¢) was fractionated by quick column using silica gel
(No. 7729, Merck). A stepwise elution was conducted by 100% hexane and increasing
the polarity with EtOAc and finally with 10% MeOH in EtOAc. The fractions were
collected and combined according to TLC results and then evaporated to obtain 7
sub fractions: MGH1-MGHTY. The results of the separation and %yield are shown in
Table 4.1.

Table 4.1 The separation of the CH,Cl, extract by quick column.

Fraction No. Solvent system (%v/v) Remarks Weight (g)
MGH1 100% hexane yellow wax 3.7
MGH2 10% EtOAc in hexane dark red liquid 21.8
MGH3 20% EtOAc in hexane dark red liquid 37.6
MGH4 40% EtOAc in hexane orange brown solid 35.8
MGH5 60-80% EtOAC in hexane red brown solid 51.1
MGH6 100% EtOAC brown solid 17.8
MGH7 10% MeOH in EtOAc dark brown solid 26.1

MGHS5 as red brown solid gave the highest yield as 51.1 ¢ (23.2% yield based
on the CH,Cl, extract), followed by MGH3, MGH4 and MGH7 with 37.6, 35.8 and 26.1
g (17.1, 16.3 and 11.9% vyield), respectively. MGH1, MGH2 and MGH6 gave slightly
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low yield as 3.7, 21.8 and 17.8 ¢ (1.7, 9.9 and 8.1% vyield), respectively. All seven
fractions were subjected to antifungal bioassay against P. parasitica using agar
incorporation method at 1000 pg‘-mL—1 as described in Chapter Il. The results are
accumulated in Table 4.2 and Figure 4.3.

According to the bioassay guide, MGH4 displayed the highest antifungal
activity against P. parasitica with 73.3% inhibition, followed by MGH5 (63.3%), MGH3
(60.0%), MGH6 (57.0%) and MGHT7 (47.0%), whereas MGH1 and MGH2 did not inhibit
the mycelium growth of this fungus. Therefore, MGH3 to MGH6 as the active

fractions were selected to proceed for further separation.

Table 4.2 %inhibition of mycelial growth from separated sub-fractions against P.

parasitica at 1,000 pg-mL

Fraction No. Growth (mm)* %lInhibition*
MGH1 90.0+0.0 0.0+0.0
MGH2 90.0+0.0 0.0+0.0
MGH3 36.0+1.0 60.0+0.6
MGH4 24.0x1.7 73.3+0.4
MGH5 33.0+1.0 63.3+0.2
MGH6 38.7+0.6 57.0+0.6
MGH7 ar.7+1.7 47.0+£0.4
DMSO 90.0+0.0 0.0+0.0
Metalaxyl (100 pg-mL ") 0.0£0.0 100.0+0.0

*Values, an average + standard deviation (SD) of 3 replicates of the mean mycelial growth inhibition
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Figure 4.3 The inhibition of mycelium growth from separated sub-fraction of the
CH,Cl, extract at 1000 pgmL_l.
Above (left to right): CH,Cl, extract, MGH1, MGH2, MGH3 and MGH4
Below (left to right): MGH5, MGH6, MGH7, DMSO and metalaxyl

4.4 Isolation of bioactive compounds

Each fraction, MGH3 (25.5 g), MGH4 (35.0 ¢), MGH5 (51.0 ¢), and MGH6 (17.0
g) was rechromatographed on silica gel (n0.9385 or no. 7734) column using stepwise
solvent system of hexane-CH,Cl,, CH,Cl,-EtOAc and EtOAc-MeOH of increasing
polarity. Seven pure compounds were obtained after further isolation on silica gel
column. Mansorin A (4-20, 788 mg), mansorin C (4-22, 25 mg) and mansonone C (4-3,
65 mg) were obtained from MGH3. Mansorin B (4-21, 90 mg) was obtained from
MGH4. Mansonone E (4-5, 228 mg) was obtained from both MGH4 and MGHS.
Mansonone H (4-7, 216 mg) was obtained from both MGH5 and MGH6. The major
compound of this plant as mansonone G (4-6, 10.9 g) was isolated from MGH4-

MGH6. The isolation of the bioactive compounds was summarized in Scheme 4.1.
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4.5 Structural elucidation
4.5.1 Compound 4-20: mansorin A

Compound 4-20 (788 mg) as light yellow crystal revealed a single spot on
TLC with Rf 0.4 (developing solvent: EtOAc:hexane (1:4)). The "H NMR spectrum of

compound 4-20 is shown in Figure 4.4.
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Figure 4.4 The 'H NMR spectrum (CDCls) of compound 4-20

By comparison of the "H NMR spectroscopic data of compound 4-20 with that
of reported mansorin A, compound 4-20 was designated as mansorin A (C;5H;505).
The 'H NMR spectral assignment of mansorin A and compound 4-20 is collected in

Table 4.5.

mansorin A (4-20)



Table 4.3 The comparison of "H NMR spectral assignment of mansorin A and

compound 4-20 [99]
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Position Chemical shift (ppm)
mansorin A Compound 4-20**

4 7.90 (s, 1H) 7.90 (s, 1H)

7 6.90 (s, 1H) 6.90 (s, 1H)

9 3.56 (m, 1H) 3.55 (m, 1H)
3-CH; 2.23 (s, 3H) 2.23 (s, 3H)
6-OCH, 3.83 (s, 3H) 3.83 (s, 3H)
8-CH; 2.42 (s, 3H) 2.42 (s, 3H)
9-(CHs), 1.38 (d, J = 7.3 Hz, 6H) 1.37(d, J = 7.1 Hz, 6H)

*'H NMR spectra was measured in CDCl; at 500 MHz, **400 MHz

4.5.2 Compound 4-3: mansonone C

Compound 4-3 as orange needle (65 mg) was obtained after recrystallization

with a mixture of EtOAc and hexane. It showed a single spot on TLC with R¢ 0.5

(developing solvent: EtOAc:hexane (3:7)). The 'H NMR spectrum is displayed in Figure

4.5.
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Figure 4.5 The "H NMR spectrum (CDCls) of compound 4-3

The 'H NMR spectral assigcnments of mansonone C and compound 4-3 are

compared as presented in Table 4.4. Based on the comparison of physical properties
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and the 'H NMR data with authentic sample, compound 4-3 was identified as

mansonone C.

H,C CH,

mansonone C (4-3)

Table 4.4 The comparison of "H NMR spectral data of mansonone C and compound

4-3 [99]

Chemical shift (ppm)
Position

mansonone C Compound 4-3
4 7.63(d, J = 1.5 Hz, 1H) 7.65 (s, 1H)
6 7.16 (d, J = 8.2 Hz, 1H) 7.19 (d, J = 8.0 Hz, 1H)
7 7.40 (d, J = 8.2 Hz, 1H) 7.43 (d, J = 8.1 Hz, 1H)
9 3.36 (m, 1H) 3.38 (m, 1H)
3-CH; 2.02 (d, J = 2.0 Hz, 3H) 2.08 (d, J = 1.8 Hz, 3H)
8-CH; 2.60 (s, 3H) 2.63 (s, 3H)
9-(CHa), 1.27 (d, J = 7.0 Hz, 1H) 1.29 (d, J = 7.0 Hz, 1H)

4.5.3 Compound 4-22: mansorin C

This compound revealed a single spot on TLC with R 0.25 (developing

solvent: EtOAc:hexane (3:7)). After recrystallization with a mixture of EtOAc and

hexane, compound 4-22 (25 mg) as white crystal was obtained. The molecular

formula of this compound was proposed as Cy4H,05 based on the "H NMR spectrum

(Figure 4.6). The comparative "H NMR spectral data of mansorin C and compound 4-

22 is presented in Table 4.5.
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Figure 4.6 The "H NMR spectrum (CDCl;) of compound 4-22
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Table 4.5 The comparison of "H NMR spectral data of mansorin C and compound 4-

22 [99]

Chemical shift (ppm)
Position

mansorin C Compound 4-22
6 6.98 (d, J = 7.6 Hz, 1H) 7.00 (d, J = 7.6 Hz, 1H)
7 7.28 (d, J = 7.6 Hz, 1H) 7.31(d, J = 7.6 Hz, 1H)
9 3.15 (m, 1H) 3.17 (m, 1H)
10 4.10 (dd, J = 6.7, 11.0 Hz, 1H) 4.13 (dd, J = 6.7, 10.8 Hz, 1H)
10 4.39 (dd, J = 4.0, 10.7 Hz, 1H) 4.41 (dd, J = 4.1, 10.7 Hz, 1H)
3-CH; 2.04 (s, 3H) 2.07 (s, 3H)
8-CH; 2.39 (s, 3H) 2.43 (s, 3H)
9-CH; 1.32(d, J = 7.4 Hz, 3H) 1.33 (d, J = 7.0 Hz, 3H)

The structure of compound 4-22, based on physical properties and the '

NMR data, was elucidated as mansorin C (4-22).
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mansorin C (4-22)

4.5.4 Compound 4-21: mansorin B

The recrystallization of MGH4/1 with a mixture of EtOAc-hexane yielded
compound 4-21 (65 mg) as pale yellow powder. The TLC showed a single spot with
R 0.40 (developing solvent: EtOAc:hexane (3:7)). The 'H and °C NMR spectra of
compound 4-21 are shown in Figures 4.7-4.8. The comparison of the "Hand °C NMR
spectral data of mansorin B and compound 4-21 are presented in Table 4.6. Based
on the comparison of physical properties and the NMR data with authentic sample,

compound 4-21 was identified as mansorin B (4-21).

HO

H,C CH,
mansorin B (4-21)



3 o

5}

a 8

s} s
5 ° ~ BN © e Do
a I = = i a8 LR
~ ~ S I - AN SSE

T T T T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

Figure 4.7 The "H NMR spectrum (CDCl;) of compound 4-21

Mmoo
500
aaga
o NN ~ [N ogqo
8 RR 5 RIYBS odo sweo
o o] © SELSN o R © NN &
b A ] (SR pa et R R R~
[l PR RIS
'
— H} |
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -10
f1 (ppm)

Figure 4.8 The “C NMR spectrum (CDCls) of compound 4-21
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Table 4.6 The comparison of 'Hand °C NMR spectral data of mansorin B and
compound 4-21 [99]

Chemical shift (ppm)

Position mansorin B Compound 4-21
"H NMR “C NMR "H NMR “C NMR
2 162.6 162.3
3 124.3 124.5
4 7.90 (s, 1H) 137.1 7.90 (s, 1H) 136.9
da 117.9 117.9
5 126.7 126.7
6 150.0 149.8
7 6.79 (s, 1H) 120.9 6.77 (s, 1H) 120.9
8 124.1 124.2
8a 147.6 146.8
9 3.51 (m, 1H) 26.6 3.53 (m, 1H) 267
3-CH,  2.22(d,J =12 Hz, 3H) 17.6 2.24 (s, 3H) 17.6
6-OH 5.67 (s, 1H) 5.19 (s, 1H)
8-CH, 2.31 (s, 3H) 15.3 2.35 (s, 3H) 15.3
9-(CH,),  1.40(d,J=80Hz 6H) 219 1.42 (d, J = 7.0 Hz, 6H) 213

4.5.5 Compound 4-5: mansonone E

Compound 4-5 (228 mg) as orange powder showed a single spot on TLC with
R¢ 0.25 (developing solvent: EtOAc:hexane (3:7)). The 'H NMR spectrum is shown in
Figure 4.9. The comparison of the 'H NMR spectral data of mansonone E and
compound 4-5 are collected in Table 4.7. According to the NMR data, compound 4-

5 was identified as mansonone E (4-5).
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Table 4.7 The comparison of "H NMR spectral data of mansonone E and compound

4-5 [99]

Position

Chemical shift (ppm)

mansonone E

Compound 4-5

10

3-CH,
8-CH,
9-CH,

7.35(d,J = 7.9 Hz, 1H)
7.26 (d, J = 7.9 Hz, 1H)
3.10 (m, 1H)
4.23 (dd, J = 10.7, 4.0 Hz, 1H)
4.41 (dd, J = 11.0, 5.2 Hz, 1H)
1.95 (s, 3H)

2.65 (s, 3H)
1.37 (d, J = 7.0 Hz, 3H)

7.34.(d, J = 8.5 Hz, 1H)
7.00 (d, J = 7.6 Hz, 1H)
3.17 (m, 1H)

4.22 (dd, J = 10.1, 4.3 Hz, 1H)
4.40 (dd, J = 10.1, 3.4 Hz, 1H)
1.95 (s, 3H)

2.65 (s, 3H)
1.36 (d, J = 7.1 Hz, 3H)
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4.5.6 Compound 4-7: mansonone G

The separation of MGH4 to MGH6 furnished compound 4-7 (10.9 ¢) as orange
powder. This compound exhibited only one spot on TLC with R 0.15 (developing
solvent: EtOActhexane (3:7)). The 'H and "C NMR data were similar to compound 4-7
(mansonone C), except for the absence of the set of ortho-coupled proton signals
and the presence of singlet aromatic proton at O, 7.87 (Figures 4.10-4.11). The
comparison of the 'H and °C NMR data of compound 4-7 and mansonone G is

presented in Table 4.8. Thus, compound 4-7 was identified as mansonone G (4-7).

H,C CH,

mansonone G (4-7)
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Figure 4.10 The "H NMR spectrum (DMSO) of compound 4-7
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Figure 4.11 The PC NMR spectrum (DMSO) of compound 4-7

Table 4.8 The comparison of 'Hand C NMR spectral data of mansonone G and

compound 4-7 [99]
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Chemical shift (ppm)

Position Mansonone G° Compound 4-7°
"H NMR “C NMR "H NMR “C NMR
1 181.2 179.6
2 183.8 181.9
3 135.7 134.9
q 7.7 (s, 1H) 140.4 7.87 (s, 1H) 138.1
da 122.9 121.6
5 134.7 132.4
6 164.4 162.2
7 6.5 (s, 1H) 120.6 6.64 (s, 1H) 119.5
8 136.6 134.5
8a 147.8 144.8
9 3.58 (m, 1H) 28.1 3.63 (m, 1H) 26.1
3-CH, 2.06 (s, 3H) 15.7 1.95 (s, 3H) 154
8-CH, 2.58 (s, 3H) 23.6 2.45 (s, 3H) 22.9
9-(CH,), 1.42 (d, J = 7.0 Hz, 6H) 214 1.34 (d, J = 7.0 Hz, 6H) 20.9

“'Hand C NMR spectra was measured in CDCl; at 500 and 125 MHz
°'Hand °C NMR spectra was measured in DMSO at 400, 75 MHz
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4.5.7 Compound 4-8: manosonone H

Compound 4-8 (216 mg) as red pallet displayed a single spot on TLC with R¢
0.44 (developing solvent: EtOAc:hexane (1:1)). The 'H NMR spectrum is shown in
Figure 4.12. The comparison of the "H NMR spectral data of mansonone H and
compound 4-8 are presented in Table 4.9. From the NMR data, compound 4-8 was

identified as mansonone H (4-8).
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Figure 4.12 The 'H NMR spectrum (acetone dy) of compound 4-8

Table 4.9 The comparison of "H NMR spectral data of mansonone H and compound

4-8 [99]

Position Chemical shift (ppm)

mansonone H

Compound 4-8

6 - -
7 6.71 (s, 1H) 6.84 (s, 1H)
9 3.27 (m, 1H) 3.32 (m, 1H)
10 4.46 (dd, J = 10.7, 0.9 Hz, 1H) 4.48 (d, J = 10.9 Hz, 1H)

3-CH,

4.33 (dd, J = 11.0, 3.9 Hz, 1H)

1.89 (s, 3H)

4.36 (dd, J = 10.9, 3.3 Hz, 1H)

1.86 (s, 3H)
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8-CH, 2.55 (s, 3H) 2.52 (s, 3H)
9-CH, 1.31 (d, J = 7.0 Hz, 3H) 1.32 (d, J = 7.0 Hz, 3H)

4.6

Mansonone H (4-8)

In vitro antiphytopathogenic fungi activity of isolated compounds

All isolated compounds form the heartwoods of M. gagei were tested for

antiphytopathogenic activity against P. parasitica by agar incorporation method which

described in Chapter Il at various concentrations (1, 10, 100 and 1,000 pg-mL_l). The

results of antifungal activity of these compounds were presented in Table 4.10.

Table 4.10 Percent inhibition and ICs, of isolated compounds against P. parasitica.

Compounds %Inhibition
1 1 1 1 ICs0
1 pg-mL 10 pgmL 100 pgmL 1000 pg-mL
mansorin A (4-20)  19.4+1.1™  30.0+0.0" 333422 38.9+08" 1,000
mansorin B (4-21) 152419™ 322416 56.7+2.4°  61.1+1.6° 87.7

mansorin C (4-22)  13.3208"  167422™°  17.7+18™ 17.8+1.2™ >1,000

mansonone C (4-3)  27.8x2.1"  533x12"  61.1212°  84.4426" 3.2
mansonone E (4-5)  0.0+0.0° 11.1+1.8™ 68.740.8°  94.2+2.2% 62.5
mansonone G (4-7)  13.9:22™°  41.7+06" 44.4+06"  81.2+18" 110.0
mansonone H (4-8) 31221 18.406™ 22712  333:15" >1,000
Metalaxyl 45914 90000  100.0£0.0°  100.0+0.0° 2.2

*%yield based on CH,Cl, extract, **Values, an average + standard deviation (SD) of 3 replicates of the mean

mycelial growth inhibition, ®the different letter are significantly different (Tukey’s HSD, P<0.05), (n=3)

The results showed that mansonone C (4-3) displayed the highest

antiphytopathogenic activity with 1Csy 3.2 pg-mLfl against P. parasitica; followed by
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mansonone E (4-5), mansorin B (4-21) and mansonone G (4-7) with ICsy 62.5, 87.7 and
110.0 pg-mL_1, respectively. In case of inhibition, mansonone E (4-5) displayed the
highest activity with 94% and followed by mansonone C (4-3) and G (4-7). From the
results in Table 4.12, mansonone C (4-3) presented the antifungal activity higher than
mansonone E at the lowest concentration (1 pg-ml_’l). Even though, mansorin B (4-
21) and mansonone C (4-3) showed the ICy, value at low concentration. However,
when compared the activity at high concentration (1000 pgmL_l), their inhibition
lower than mansonone E (4-5) and G (4-7). That means when increasing the
concentration higher than the maximum inhibitory, the compound did not increase
to the effect of antifungal activity. Whereas mansorins A (4-20) and C (4-22) showed
ICso more than 1,000 pgml__1 and the inhibition as 39 and 18%, respectively.

4.6.1 Minimum inhibitory concentration (MIC) of isolated compounds

The MIC of isolated compounds was determined by double-broth
microdilution method involving 96-well microtitre-plates as described in Chapter IIl.

The results are displayed in Table 4.11.

Table 4.11 MIC of isolated compounds against phytopathogenic fungi

MICs (ug-mL™)

Compounds

A. por C glo F. oxy P. par
Mansorin A (4-20) 1,000 >2,000 >2000 2000
Mansorin B (4-21) 500 >2,000 1000 2000
Mansorin C (4-22) >2000 >2000 >2000 >2000
Mansonone C (4-3) 112 112 56 112
Mansonone E (4-5) >2000 2,000 1000 2000
Mansonone G (4-7) 1000 2000 500 2000

Benomyl ND ND <9.7 ND
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Mansonone C (4-3) displayed the highest antiphytopathogenic activity with
MIC 56.0 pg-mL " for F. oxysporum and 112.0 ugmL " for the other tested fungi;
followed by mansorin B (4-21), mansonones G (4-7), E (4-5) and mansorin A (4-20),
respectively. Nevertheless, considering the yield of isolated compounds, little yield
of mansonone C (4-3) was gained whereas mansonones E (4-5) and G (4-7) were
obtained in much higher amount. Therefore, mansonones E (4-5) and G (4-7) were
thought to be responsible as antifungal agents of this plant and were further
investigated against other phytopathogenic fungi (A. porri, C. gloeosporioides and F.
oxysporum) by agar incorporation method at various concentrations (0, 1, 10, 100
and 1,000 pg-mL_l). After incubated at 27°C for 7 days, the mycelium growth of fungi
was measured. The results as ICs, exhibited in Table 4.12 and %inhibition of

mansonone E (4-5) and G (4-7) at various concentrations showed in Figure 4.13-4.15.

Table 4.12 The ICso of mansonones E and G against the mycelium growth of

phytopathogenic fungi
ICso-
Fungi mansonone E mansonone G metalaxyl
A. porri 425.0 525.0 NT
C. gloeosporioides 375.0 87.5 NT
F. oxysporum 67.5 11.5 NT
P. parasitica 62.5 110.0 2.2

°ICs0 using eraphically, NT: Not Test
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Figure 4.13 Percent inhibition of mansonones E and G against phytopathogenic fungi
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Figure 4.14 The mycelial growth inhibition zone of mansonone E (4-5) at various
concentrations against (A): A. porri, (B): C. gloeosporioides, (C): F.

oxysporum, (D): P. parasitica.
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Control 1 permnl” 10 pg-mL 100 pgrmL” 1,000 permL’

Figure 4.15 The mycelial growth inhibition zone of mansonone G (4-7) at various
concentrations against (A): A. porri, (B): C. gloeosporioides, (C): F.

oxysporum, (D): P.parasitica

From the antifungal activity of isolated compounds, it was observed the
essence of substituent of 1,2-naphthoquinones: mansonones C (4-3), E (4-5) and G
(4-7). To illustrate this, these compounds had the same main structure; however,
they exhibited the antifungal activity with different extent. Mansonones C (4-3) and G
(4-7) possessed almost the same structure, except for mansonone C (4-3) bearing OH
at 6-position. This may be the reason why mansonone C (4-3) can be effective to
inhibiting the mycelial growth of fungi higher than mansonone G (4-7). When
mansonone E (4-5) was compared with mansonone G (4-7), the former composed of

a pyran ring in its structure. This moiety may possess lower antifungal activity. In
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addition, it was disclosed that coumarins as mansorins A (4-20), B (4-21) and C (4-22)
displayed lower activity than 1,2-naphthoquinones (mansonones).

Nevertheless the yield of mansonone C (4-3) in nature was quite low when
compared with those of mansonones E (4-5) and G (4-7). Therefore, the latter two
mansonones were used for further investigation. Mansonone G (4-7) displayed strong
antifungal activity against F. oxysporum, C. gloeosporioides and A. porri with ICsy 11.5,
87.5 and 525.0 pg-mLfl, respectively, whereas mansonone E (4-5) inhibited F.
oxysporum, C. gloeosporioides and A. porri with ICsy 67.5, 375.0 and 435.0 pg-mL&,
respectively. From these results, it has demonstrated the specific correlation

between compound and fungi species.

4.7.2 Antifungal activity of active compounds against spore germination

Spore suspensions were prepared under aseptic conditions according to a
modified procedure described by Chang et al. (2007) [105]. The spores of F.
oxysporum were grown on Petri plate containing PDA. Following 7-10 days of
incubation at RT, fungal spores were removed using sterilized water. The resulting
suspension was filtered aseptically through a sterilized muslin cloth. The filtrate
which was adjusted using sterilized water to a concentration of 10" spore-mL’1 was
estimated with haemacytometer slide (depth 0.1 mm, 1/400 mmz) under
microscope. One mL (10° spore-mL_1) suspension was added to each tube containing
9 mL of active compound at various final concentrations (10, 100, 500 and 1000
spore~mL71), which the final concentration of spore suspension was 10° sporeml_’l.
These tested tubes were incubated at RT for 1 h and then 100 uL of the suspensions
was streaked aseptically on fresh PDA plates. The plates were incubated at RT for 48
h. The fungal colonies originated from germinated spores were recorded compared
with 0.5%DMSO plate and evaluated the %inhibition of spore germination (Table
4.13). The percentages of spore germination were calculated as follows:

Percentage inhibition of spore germination = [(C-T) x 100/C]
C: mean number of fungal colonies of control plate

T: mean number of fungal colonies of treatment
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Table 4.13 Percent inhibition of mansonones E (4-5) and G (4-7) on spore

germination of F. oxysporum

Inhibition spore germination of F. oxysporum (%)

Compounds ~ ~ ~ ~
10 pg-mL 100 pg-mL 500 pg-mL 1,000 pg-mL

mansonone E 16.7£1.6 24.3+1.9 57.5+2.2 60.0x£1.6

mansonone G 8.4+2.1 29.9+2.8 39.3+1.9 39.8+1.8

*Values, an average + standard deviation (SD)

Mansonone E (4-5) displayed better inhibition against spore germination of F.
oxysporum than mansonone G (4-7) with 60.0 and 39.8% at 1,000 pgmL’l,
respectively. According to previous reports concerning the biological activities of
mansonones, the antifungal activity of mansonones as phytoalexins, particularly the
accumulation of mansonones E (4-5) and F (4-6) in Ulmus hollandica infected with
Ceratocystis ulmi [106-108]. Six mansonones were isolated from U. americana which
infected with C. ulmi [109, 110]. Another work involving the accumulation of
phytoalexins in U. americana in response to infection by Ophiostoma ulmi was

addressed [111].

4.8 Conclusions

The search for antifungal agents from the heartwoods of M. gagei against P.
parasitica was conducted. According to the screening part (Chapter II), the CH,Cl,
extract displayed the antifungal activity higher than MeOH extract. The separation of
the active fractions of the CH,Cl, yielded six compounds. Based on spectroscopic
data and their physical properties, the isolated compounds were characterized as
mansorin A (4-20), mansonone C (4-3), mansorin C (4-22), mansorin B (4-21),
mansonone E (4-5), mansonone G (4-7) and mansonone H (4-8). Mansonone C (4-3)
displayed the highest antifungal activity with IC5, 3.23 pg-mL’1 against P. parasitica.
However, mansonone C (4-3) was present in low yield. Mansonones E (4-5) and G (4-

7) which were constituted in higher yield exhibited strong activity and were selected
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for further antifungal examination against A. porri (71.0 and 75.0% inhibition), C.
gloeosporioides (84.3 and 67.2% inhibition), F. oxysporum (88.2 and 71.0% inhibition)
and P. parasitica (94.2 and 81.2% inhibition). The anti-spore germination of F.
oxysporum of mansonones E (4-5) and G (4-7) was conducted (60.0and 39.8 %). For
further study these compounds were tested in vivo against pineapple heart rot

disease caused by P. parasitica as presented in Chapter 6.



CHAPTER 5
ANTIPHYTOPATHOGENIC FUNGI AGENTS FROM THE FLOWERS OF

Melodorum fruticosum Lour

5.1 Introduction of Melodorum fruticosum Lour

M. fruticosum is the plant of Annonaceae family; the common names are
known as devil tree, white cheesewood and Lamduan in Thai. This small shrub tree
reaches a height between 8 to 12 m. The bark with dark brown shallow longitudinal
groove smooth or broken stems. The leaves are single alternate leave elliptic or
oblong-elliptic, 5-12 cm in long size, 2-3 cm in width, apex acute or pointed leave
distortion with smooth edges smooth top surface is shiny and dark green. There are
solitary, axillary of terminal flowers with cream or pale yellow color, small 3 outer
sepal flowers and 3 inner petals are thick soft petal, downy outer petals and almost
circular. Upon full bloom, a width range 2-2.3 cm, solitary and scented, the flower
gives out a pleasant fragrance, especially in the evening (Figure 5.1). The flowers
bloom in April for approximately 2 months. Fruits violet, slightly apiculate, ripe
carpels ovoid, glabrous, 8 mm in long and 7 mm in diameter, stalks slender [112].
Melodorum sp. is a rare genus and contains only two species in Thailand including M.
fruticosum and M. siamensis [113].

These plants are widely distributed throughout Indo-China, the north and
northeast of Thailand containing mixed deciduous forests and dry evergreen forests
in central and eastern part of the region. This plant was used as medical for tonic,

mild cardiac stimulant, fever and hematinic resolve dizziness [114].
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Figure 5.1 Fresh and dried flowers of M. fruticosum

The chemical constituents of M. fruticosum have been studied. Jung and
coworkers (1990a) reported the presence of the heptene derivatives (heptadienes)
with benzoyl moiety conjugated with C7 dienone or lactone terminal which
appeared to arise from heptose or the equivalents. These compounds named
melodienone (5-1), isomelodienone (5-2) and acetylmelodorinol (5-3) (Figure 5.2).
Jung et al. (1990) isolated several bioactive compounds from the stem barks [115].
The active compounds were identified as dichamanetin (5-4), pinocembrin (5-5),
polycarpol (5-6), benzyl benzoate (5-7) and a mixture of stigmasterol (5-8) and g-
sitosterol (5-9). In 1990, Jung and colleagues reported four addition new bioactive
heptenes including melodorinol (5-10), homomelo-dienone (5-11), 7-hydroxy-6-
hydromelodinone (5-12), and homoisomelodienone (5-13) [116].

In addition, Tuchinda et al. (1991) studied the bioactive butenolides from the
leaves and branches, five butenolides were isolated and identified as (42)-6-acetoxy-
7-benzoyloxy-2,4-heptadien-4-olide (5-14), (4F)-6-acetoxy-T7-benzoyloxy-2,4-
heptadien-4-olide (5-15), (42)-7-benzoyloxy-6-hydroxy-2,4-heptadien-4-olide
(melodorinol), (4E)-7-benzoyloxy-6-hydroxy-2,4-heptadien-4-olide (5-16) and (42)-6-
benzoyloxy-7-hydroxy-2,4-heptadien-4-olide (5-17) [117]. Moreover, two flavonoids
(chrysin (5-18) and pinocembrin (5-5)) and benzoic acid (5-19) were isolated. The
chemical constituents from the flowers were investigated and assigned as 5,7-
dimethoxyflavone (5-20), (42)-T-benzoyloxy-2,4-heptadien-6-one-4-olide
(melodorinone A) (5-21), (4E)-T-benzoyloxy-2,4-heptadien-6-one-d-olide
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(melodorinone B) (5-22), (E)-7-benzoyloxy-4-hydroxy-1-methoxy-2,4-heptadien-1,6-
dione (tautomelodorinone) (5-23) [118, 119]. Juengwatanatrakul (2000) explored the
chemical constituents from the seeds and roots. A novel triterpene was identified
from the roots as lanosta-7,9(11),24-trien-3B-acetoxy-15a-ol (acetylpolycarpol (5-24))
[120].

Moreover, the odor constituents from the flowers were analyzed by solid-
phase microextraction-GC-MS. The major volatile components were identified as g-
phelladrene (8.98%), p-methylanisole (7.02%), &cadinene (4.18%), germacrene B
(3.18%) and bicyclogermacrene (3.62%) [80]. The chemical structures of M.

fruticosum are shown in Figure 5.2.

melodienone (5-1) isomelodienone (5 2)

sasas

acetylmelodorinol (5-3)

OH O
pinocembrin (5-5) polycarpol (5-6)

Figure 5.2 The chemical structures of M. fruticosum
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-1
Cytotoxicities (ug:mL ) Brine
shrimp Potato
Compounds SK-
LC disc
MCF-7 KB HT-29  9-PS  A-549  MEL- Mel2 P-388  HT  Vero 50
e3 (ppm)
24
(5-1) 4.43p - 3.85b - 8.92b - - - - - - -
(15/37)b
(5-2) 0.17b - 0.51b - 1.69b - - - - - - 10 (3/19)b -
246
(5-3) 2.38¢c 1.2d 1.96¢ - 289c  421c  2.74c - 0.08d  1.8d -
(163/383)b
0.4b - 0.3b - 2.74b - - - - - - - -
2.2d - 1.3d - 2.2d - - - - - - - -
(5-4) - 5.38a 5.1a - >10a - - - - - - 3(1/6)a 50/70a
(5-5) - >10a >10a 753  >10a - - - - - - 12(8/20)a  20/90a
254
(5-6) 0.22a - 0.12a - 0.54a - - - - - - 180/70
(153/448)a
(5-7) - >10a >10a >10a >10a - - - - - - 2(1/3)a 110/30
110
(5-8),(5-9) 14.84 - 8.1a - 15.13a 4 o - - - 10a
(51/181)a
(5-10) 1.99¢ - 2.87c - 589c  3.75c  3.32c - - - - - -
2.4d 2.3d 2.6d - 7/9d 5 - 0.75d  0.35d  2.2d - - -
(5-11) 37.88¢ - 25.61c - 36.91c E 3 - - - E - -
(5-12) 0.25¢ - 1.92¢ = 328c  1.04c  1.lc - - - - - -
(5-13) 36.32C - 4.26¢ - 6.7c - - - - - - - -
(5-15) 2.2d 0.49d 2.0d - 1.1d - - 16d 014d 1.7d - - -
(5-16) 2.7d 2.0d 1.7d - 2.6d - - 092d  036d 3.7d - - -
(5-17) 3.9d 2.6d 2.4d - 2.5d - - 0.58d  0.33d  2.0d - - -
(5-21) 5.0e >20e - - - - - - 4.58e - 15e - -
(5-22) >20e >20e - - - - - - - - 5e - -
(5-23) 7.5e >20e - - - - - - 0.6e - 7.5e - -
(5-24) - - - - - - - - - - - - -
a b C d e
[115], [116], [121], [117], [118].

Tumor cell lines: MCF-7 = Human breast carcinoma. KB = Human nasopharyngeal carcinoma, HT-29 =

adrenocarcinoma, 9-PS = A chemical-induced murine lymphatic leukemia, A-549

Human colon

= Human lung carcinoma, SK-MEL-5 = Human

melanoma, metastasis of axillary node, Melme-3M = Human melanoma, metastasis of lung, Mel2 = Human melanoma, not specific, P-

388 = Murine lymphatic leukemia, HT = Human fibrosacoma (HT-1080), Vero = African green monkey kidney cell line
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The biological activities including cytotoxicity, antitumor and plant growth
regulation of the components from M. fruticosum were examined as presented in
Table 5.1. In addition, antifungal and antioxidant activities of the essential oil and
various extracts from the flowers were addressed. The CH,Cl, extract displayed the
highest antifungal activity to all tested pathogens (Collectotrichum sp. (46.7%inh.), C.
asianum (42.6%), C. siamense (38.4%), C. gloeosporioides (40.9%), C. fruiticola
(49.7%), C. acutatum (36.4%), Trichoderma reesei (22.2%) and Lasiodipplodia
theobromae (52.9%) [50].

However, there have been no reports concerning the antiphytopathogenic
activity from the flowers of this plant. Therefore, the objectives of this research are
to isolate the active compounds from the flowers of M. fruticosum and to test for

antiphytopathogenic fungi activity against four selected fungi.

5.2 Plant material and extraction

Dried flowers of M. fruticosum were purchased from the herbal drugstore
“Chow Khom Per”, Bangkok, Thailand in June 2013. According to the results of
antifungal activity screening in Chapter I, the CH,Cl, extract showed antifungal activity
higher than the MeOH part. Thus, further investigation would focus on the CH,Cl,
extract. Dried flowers (10 kg) were milled and extracted by maceration for three
times with CH,Cl, at RT. After that, the extracts were filtered and evaporated under
reduce pressure to gain the CH,Cl, extract as dark brown solid 325.5 ¢ (3.26% yield of
dry weight) and kept in the dark until used.

5.3 Separation of the CH,Cl, extract from the flowers and bioassay guide

After extraction, the CH,Cl, extract (150 ¢) was fractionated by quick column
using silica gel (Merck, Kieselgel 60 Art 7729). A stepwise elution was conducted by
100% hexane and increasing the polarity with EtOAc and finally with 10% MeOH in
EtOAc. All 26 fractions were collected and combined according to TLC behavior and
then evaporated to obtain 10 subfractions (MFF1-MFF10). Table 5.2 showed the

separation results of the CH,Cl, extract and percent yield.
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MFF8 provided the highest yield 53.92 ¢ (35.9% yield based on the CH,Cl,
extract) followed by MFF3, MFF7 and MFF9 (19.2, 14.2 and 11.6% yield). The other
fractions gave low yield (0.3-7.6%). For further study, all fractions were tested for
antifungal activity against P. parasitica by agar incorporation method as described in
Chapter II for bioassay guide at 1,000 pgmL’1 to search for active fractions. The
results of antifungal activity of these fractions are displayed in Table 5.2 and Figure

5.3.

Table 5.2 The separation of the CH,Cl, extract by quick column.

Fraction Weight Yield
Solvent system (%v/v) Remarks

No. ® (%)
MFF1 100% hexane yellow oily wax 277 1.84
MFF2 5% EtOAc in hexane orange oily wax 0.43 0.27
MFF3 5-10% EtOAc in hexane orange brown oily wax 28.8 19.20
MFF4 10% EtOAc in hexane dark orange oily wax 4.25 2.83
MFF5 10-20% EtOAc in hexane dark brown semi solid 3.94 2.62
MFF6 20% EtOAC in hexane dark yellow semi solid 6.26 4.17
MFF7 40% EtOAc in hexane brown semi solid 21.29 14.19
MFF8 60% EtOAc in hexane brown semi solid 53.92 35.95
MFF9 80% EtOAc in hexane dark brown solid 17.39 11.59
MFF10 100% EtOAc- dark solid 11.37 7.58

5% MeOH in EtOAC
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Table 5.3 The percentage inhibition of mycelial growth of subfractions against

P. parasitica at 1,000 ug-mL”

Fraction no. Growth (mm)’ %inhibition”
MFF1 75.3+2.5 16.3+2.8
MFF2 90.0+0.0 0.0+0.0
MFF3 82.3+1.5 8.6+1.7
MFF4 65.0+6.1 27.8+6.8
MFF5 0.0+0.0 100.0+0.0
MFF6 0.0+0.0 100.0+0.0
MFF7 27.7+2.1 69.2+2.3
MFF8 13.3+2.1 85.2+2.3
MFF9 37.0+0.0 58.9+0.0
MFF10 80.0+0.0 11.1+0.0
DMSO 100.0+0.0 0.0+0.0

Metalaxyl (100 pgmL™) 0.0+0.0 100.0+0.0

*Values, an average + standard deviation of 3 replicates, of the mean diameter of mycelial growth and

inhibition

From Table 5.2 and Figure 5.3, MFF5-6 completely inhibited P. parasitica at
concentration of 1,000 pg-mL_1, followed by MFF8 (85.2%), MFFT (69.2%) and MFF9
(58.9%). The mycelial growth of fungi from MFF2 was found to grow faster than that
of the control plate. This suggested that some active compounds be present. MFF1,
3, 4 and 10 slightly inhibited the mycelial growth of P. parasitica (16.3, 8.6, 27.8 and
11.1%, respectively).
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Figure 5.3 The inhibition of separated fractions of M. fruticosum flowers against P.
parasitica at 1,000 ugmL
A: MFF1, MFF2, MFF3, MFF4
B: MFF5, MFF6, MFF7, MFF8
C: MFF9, MFF10, DMSO
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5.4 Isolation and identification of bioactive compounds

According to the results above, bring to the further study to isolate the pure
compounds from MFF5, 6 and 8 which displayed excellent antifungal activity. Each
active fraction MFF5 (3.90 g), MFF6 (6.2 ¢) and MFF8 (50.0 g) were subjected to
column chromatography using silica gel 60 (Merck, art 7734, 63-200 mesh; art 9385,
40-63 mesh) and Sephadex LH-20, Chromatotron. Thin layer chromatography (TLC)
was prepared on pre coated silica gel 60 F254 plates. The elution system as EtOAc in
hexane, gradually increased the polarity with EtOAc was used for this isolation.
Finally, 8 compounds were isolated from these active fractions including 1-
hexacosanol  (5-25),  5-hydroxy-7-methoxyflavone  (5-26), B-sitosterol  (5-8),
melodorinone B (5-22), benzoic acid (5-19), chrysin (5-8), melodorinol (5-10),
melodorinone A (5-21). The scheme 5.1 showed the fractionation, isolation and

bioassay guide of antifungal activity asgainst P. parasitica at 1000 pg-mL—l.
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5.5 Structural elucidation
5.5.1 Compound 5-25: 1-Hexacosanol

Fraction MFF6/1 gave compound 5-25 with white powder (210.0 mg). This
compound showed a single spot on TLC with R¢ value of 0.63 (elution system 1:3 of
FtOAchexane). The 'H and PC NMR spectrum of compound 5-25 is shown in Figure
5.4-5.5. The comparison of 'H NMR spectroscopic data of compound 5-25 and
reported 1-hexacosanol is collected in Table 5.4. From these NMR data analyses, the
compound 5-25 was designated as long chain alcohol, 1-hexacosanol (5-25). From
our best knowledge of literature survey, this compound is isolated for the first time

in M. fruticosum.

1
N e S s S e S VN N
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Figure 5.4 The "H NMR spectrum (CDCls) of compound 5-25
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Figure 5.5 The PC NMR spectrum (CDCls) of compound 5-25

Table 5.4 The comparison of 'Hand “C NMR spectral data of 1-Hexacosanol and
compound 5-25 [122]
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Chemical shift (ppm)

a
1-Hexacosanol

Compound 5-25 °

Position SH SC 6H SC

1 63.01 63.27

2 32.90 32.99

24 32.04 32.08
4-23 3.65 29.69 29.77
3 1.25 25.83 3.64 25.90

25 0.90 21.3 1.25 22.84
26 13.8 0.88 14.25

* 'H-NMR and C-NMR analysis in CDCl, at 500 MHz
°'H-NMR and C-NMR analysis in CDCl, at 400 MHz
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5.5.2 Compound 5-26: 5-hydroxy-7-methoxyflavone

Compound 5-26 was obtained from MFF6/1 with yellow crystal (19 mg). It
showed a single spot on TLC, R¢ value as 0.57 (elution system: 2.5:7.5 of
EtOAc:hexane). The molecular formula was assigned to be Ci4H;,04. The "H and “C
NMR spectrum of compound 5-26 were shown in Figure 5.6-5.7 and the tentative
NMR chemical shift assicnment were compared with the previous report [123] in

Table 5.5.
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Table 5.5 The comparison of 'Hand °C NMR spectral data of techtochrysin and
compound 5-26 [123]

Chemical shift (ppm)

Position 5-hydroxy-7-methoxyflavone : Compound 5-26b
"H NMR C NMR "H NMR C NMR
2 163.98 164.17
3 6.65 (s) 105.86 6.67 (s, 1H) 106.11
4 182.50 -
da 105.71 -
5 162.18 162.43
6 6.37 (br d, J = 1.5 Hz) 98.21 6.38 (d, J = 2.3 Hz, 1H) 98.38
7 165.62 165.81
8 6.47 (br d, J = 1.5 Hz) 92.68 6.51 (d, J = 2.2 Hz, 1H) 92.88
8a 157.80 158.01
1 131.31 131.55
2' 6 7.89 (m) 126.29 7.89 (m) 126.47
3" 5 7.54 (m) 128.76 7.53 (m) 129.24
4 7.54 (m) 131.85 7.53 (m) 131.97
OH 12.73 (s) 12.73 (s, 1H)
OCH, 3.87 (s) 55.83 3.89 (s, 1H) 55.96

* 'H-NMR and C-NMR analysis in CDCl, at 200 and 50 MHz, respectively
°'H-NMR and PC-NMR analysis in CDCl; at 400 and 100 MHz, respectively

As the results of H and C NMR of compound 15 was identified as 5-
hydroxy-7-methoxy-2-phenyl-dH-chromen-4-one or 5-hydroxy-7-methoxyflavone or
5-hydroxy-7-methoxyflavone or techtochrysin (5-26). From our best knowledge of

literature survey, this compound is isolated for the first time in M. fruticosum.

5-hydroxy-7-methoxy-2-phenyl-4H-chromen-4-one (5-26)
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5.5.3 Compound 5-9: B-sitosterol

Compound 5-9 was purified by silica gel column of the CH,Cl, extract and
recrystallized with EtOAc in hexane, colorless needle (430 mg) with R¢ value 0.47
(elution system: 2.5:7.5 of EtOAc:hexane) was obtained and it could not be detected
under UV, but could be detected with KMnO, solution and heat. Molecular formula
was determined to be CyyH5,0O according to H and 13C NMR spectrum (Figure 5.8-
5.9). The structure was compared with previous report in Table 5.6 [124].
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Table 5.6 The comparison of 'Hand °C NMR spectral data of B-sitosterol and

compound 5-9 [124]

Chemical shift (ppm)°

Position B-sitosterol Compound 5-9
"H NMR C NMR "H NMR “C NMR

1 3.53 (m, 1H) 375 3.52 (m, 1H) 37.4
2 31.9 31.9
3 72.0 718
4 42.6 42.3
5 141.0 140.8
6 536(d,J=7351Hz 1H)  121.9 535(d,J=53Hz, 1H) 1217
7 32.1 31.7
8 32.2 324
9 50.4 50.1
10 36.7 36.5
11 213 21.1
12 40.0 39.8
13 42.6 42.3
14 57.0 56.8
15 24.5 24.3
16 28.5 28.4
17 56.3 56.1
18 0.69 (s, 3H) 12.1 0.68 (s, 3H) 12.0
19 1.02 (s, 3H) 19.6 1.01 (s, 3H) 19.4
20 36.4 36.1
21 0.93(d,J=6.6,62Hz 3H)  19.0 0.92 (d, J = 6.7Hz, 3H) 18.9
22 34.2 34.0
23 263 26.1
24 46.1 45.9
25 29.4 29.2
26 0.85(d,J=73,70Hz 3H)  19.3 0.85 (d, J = 7.6 Hz, 3H) 19.0
27 0.83 (d, J = 7.0 Hz, 3H) 20.1 0.81 (d, J = 8.7 Hz, 3H) 19.9
28 233 23.1
29 0.87 (t,J = 7.7, 7.0 Hz, 3H) 12.2 0.87 (d, J = 8.1 Hz, 3H) 1.9

1.05-2.32 (other)

1.52-2.30 (other)
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As the NMR spectral data, compound 17 was assigned as B-sitosterol (5-9). B-
sitosterol has been isolated in various plants such as in Ocimum sanctum l|eaves,
Stylochiton lancifoliun rhizomes, Corylus colurna fruits, aerial parts of Ageratum
conyzoides, Etlingera sphaerocephala rhizomes, Momordica charantia leaves and

Rubus suavissimus \eaves [125-129].

B-sitosterol (5-9)

5.5.4 Compound 5-20: melodorinone B

Compound 5-20 was isolated as colorless bulky crystal (350 mg) and
recrystallization with EtOAc. It was showed one spot on TLC with R¢ value as 0.46
(elution system: 2.5:7.5 of EtOAc: hexane) and detected under UV lamp 254 nm. The
molecular formula was established from NMR data to be Ci4H;Os. The 'H NMR
spectroscopic data were showed in Figure 5.10 and Table 5.7. Compound 17 could
be proposed as in transoid configulation as (4£)- 7-benzoyloxy-2,4- heptadien-6-one-
4-olide or melodorinone B (5-20). This compound has been reported as a new

derivative of heptenes group which isolated from flower of M. fruticosum [118, 119].

13
(4E)- 7-benzoyloxy-2,4- heptadien-6-one-4-olide (melodorinone B) (5-20)
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Figure 5.10 The "H NMR spectrum (CDCls) of compound 5-20

Table 5.7 The comparison of 'H NMR data of Melodorinone-B and compound 5-20

[118]
Chemical shift (ppm)
Position
Melodorinone-B Compound 5-20
2 6.51(d, J = 5.7, 1.3 Hz, 1H) 6.53 (d, J = 4.9 Hz, 1H)
3 8.32(d, J = 5.7 Hz, 1H) 8.33(d, J = 5.7 Hz, 1H)
il - _
5 6.33 (d, J = 1.3 Hz, 1H) 6.35 (s, 1H)
6 L -
7 4.99 (s, 2H) 5.01 (s, 2H)
10, 14 8.09 (m, 2H) 8.11(d, J = 7.7 Hz, 2H)
11, 13 7.47 (m, 2H) 7.49 (m, 2H)
12 7.60 (m, 1H) 7.62 (m, 2H)

5.5.5 Compound 5-19: Benzoic acid

Compound 5-19 was isolated as colorless crystal (270 mg). It showed single
spot on TLC, R¢0.40 (elution system: 2.5:7.5 of EtOAc: hexane), detected with UV 254
nm and the molecular formula as C;HO,. As the NMR data (Figure 5.11-5.12), the
compound 18 was identified as benzoic acid (Table 5.8). Benzoic acid is a white solid

which slightly soluble in water and used as the intermediate in the synthesis to



122

derivative of this compound (Goodwin, 1976). Benzoic acid is produced by naturally
plants and in animals and used as preservative in foods, fruit juices, soft drink,
beverages, toothpastes, mouthwashes, cosmetics, pharmaceuticals and coloring
agent [130]. Moreover, benzoic acid was found in Chinese Balsam tree which called

gum benzoin [131].
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Table 5.8 The comparison of 'H NMR spectral data of benzoic acid and compound

5-19 [132]

Chemical shift (ppm)’

Position Benzoic acid

Compound 15-19

"H NMR C NMR "H NMR C NMR
1 129.6 129.5
2 8.13(dd, /=88, 1.6 H2) 1304  812(dd,J=83 1.4Hz 1H) 1304
3 747 (t,J = 7.6 H2) 1287  7.48(t,J=17.7 Hz, 1H) 128.7
4 761(tt,J=76,16Hz) 1341  7.62(m, 1H) 133.9
5 7.47 (t,J = 7.6 H2) 1287  7.48(t,J= 7.7 Hz, 1H) 128.7
6 8.13(dd, /=88, 1.6 H2) 1304  8.12(dd,J =83, 1.4Hz 1H) 1304
7 172.8 171.6

5.5.6 Compound 5-18: 5,7-dihydroxyflavone

However, MFF6 and MFF8 gave compound 5-18 as yellow powder and

exhibited a single spot on TLC with R value as 0.66 (elution system: 2:3 of EtOAc:

hexane). The molecular formula of compound 5-18 was indicated as CysH;,04. Figure

5.13-14 showed the pattern of 'H NMR spectrum, which similar to flavones
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compound. As the comparison of this compound with the previous report (Table

5.9), compound 5-18 was assigned as chrysin or 5,7-dihydroxyflavone (5-18).
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Table 5.9 The comparison of 'Hand °C NMR spectral data of chrysin and
compound 5-18 [118]

Chemical shift (ppm)’

Position  Chrysin Compound 5-18
"H NMR “C NMR "H NMR C NMR
2 - 163.4 - 163.2
3 6.94 (s, 1H) 105.4 6.96 (s, 1H) 105.2
4 - 182.0 - 181.9
5 - 161.6 - 161.5
6 6.21(d, J = 1.6 Hz, 1H) 99.2 6.22 (d, J = 2.0 Hz, 1H) 99.0
7 - 164.6 - 164.4
8 6.50 (d, J = 1.6 Hz, 1H) 94.3 6.53 (d, J = 2.1 Hz, 1H) 94.1
9 - 157.6 z 157.5
10 - 104.1 X 104.0
1 - 130.9 S 130.7
2" 6" 804(d,J=70,14Hz2H) 1266 8.06 (dd, J = 8.2, 1.6 Hz, 2H)  126.4
3" 5" 7.58(m, 2H) 129.3 7.59 (m, 2H) 129.1
4" 7.58 (m, 1H) 132.2 7.59 (m, 1H) 132.0
5.0 1280 (s, 1H) 129.3 12.82 (s, 1H) 129.1
704 1088 (s, 1H) 126.6 10.94 (s, 1H) 126.4

chrysin or 5,7-dihydroxyflavone (5-18)

5.5.7 Compound 5-10: melodorinol

The fraction MFF8 yielded compound 5-10 as yellow liquid (940 mg). The
TLC showed a single spot with R¢ value of 0.38 (elution system 2:3 of EtOAc:hexane).
The molecular formula of this compound was proposed as Cy4H;,0s. The H and 13C

NMR spectra of compound 5-10 are shown in Figure 5.15-16. As the comparison of
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compound 20 and reference NMR data which reported by Tuchinda et al., 1991, Jung
et al., 1991 and Juengwatanatrakul, 2000 [117, 120, 121]. Thus compound 21 was
assigned as melodorinol or (4.2)-7-benzoyloxy-6- hydroxy-2,4-heptadien-4-olide (5-10)
(Table 5.10).
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Table 5.10 The comparison of 'Hand °C NMR spectral data of melodorinol and

compound 5-10 [117]

Chemical shift (ppm)°

Position = melodorinol compound 5-10
"H NMR “C NMR "H NMR “C NMR
1 - 169.09 - 169.19
2 6.23 (dd, J = 5.4, 0.8 Hz) 120.98 6.22 (d, J = 5.4Hz, 1H) 121.10
3 7.39 (d, J = 5.4 H2) 143.73 7.38 (d, J = 5.5 Hz, 1H) 143.87
4 - 150.03 - 150.19
5 5.42 (d, J=8.2,0.8 Hz) 113.04 5.43 (d, J = 8.2 Hz, 1H) 113.33
6 5.18 (ddd, J = 8.2,5.7,4.7 Hz)  65.78 517 (dt,J = 82,53 Hz, 1H) 65.90
7 4.44 (dd, J = 11.4, 5.7 Hz) 67.40 4.44 (m, 2H ) 67.58
8 4.47 (dd, J = 11.4, 4.7 Hz) 166.75 - 166.89
9 - 129.39 - 129.63
10,14 7.42 (m) 129.69 7.42 (m, 2H ) 129.85
11,13 7.56 (m) 128.44 7.55(m, 2H) 128.59
12 8.03 (m) 133.36 8.02 (m, 2H) 133.48
OH 2.96 (br) = - -
10 * 7 5 3
11 5 8~0 s \4 \\ 2
12 14 HO 0) 1
13 O

(42)-T-benzoyloxy-6- hydroxy-2,4-heptadien-4-olide or melodorinol (5-10)

5.5.6 Compound 5-21: melodorinone A

The recrystallization of fraction MfF8 with MeOH and hexane yielded

compound 5-21 as white needle (870 mg). The TLC showed a single spot with R¢

value of 0.27 (elution system 2:3 of EtOAc:hexane). The molecular formula of this

compound was proposed as Ci4H;0s. The 'H and °C NMR spectrum of compound

5-21 are shown in Figure 5.17-5.18 and Table 5.11.
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Table 5.11 The comparison of 'Hand °C NMR spectral data of melodorinone A and

compound 5-21 [118]

Chemical shift (ppm)’

Position melodorinone A

Compound 5-21

"H NMR C NMR "H NMR “C NMR

1 - 166.9 - 168.5
2 6.49 (d, J=55Hz, 1H) 124.2 6.88(d,J=54Hz 1H) 1243
3 754 (d, J=55Hz 1H) 145.0 6.04 (s, 1H) 146.7
q - 1559 - 156.3
5 5.69 (s, 1H) 107.3 5.33 (s, 2H) 105.9
6 - 190.8 191.1
7 5.38 (s, 2H) 69.3 5.22 (s, 1H) 69.4

8 - 165.8 - 165.3
9 - 129.3 - 129.5
10,14 8.09 (m, 2H) 129.3 8.03 (s, 3H) 129.5
11,13 7.44 (m, 2H) 128.4 757 (t,J = 7.7 Hz, 1H) 128.9
12 757 (m, 1H) 133.3 7.71 (s, 1H) 133.8

* 'H-NMR and C-NMR analysis in CDCl, at 300 and 75 MHz, respectively
°'H-NMR and "°C-NMR analysis in DMSO at 400 and 100 MHz, respectively

As the NMR data,

compound 5-21was assigned the structure as

melodorinone-A or (47)-7-benzoyloxy-2,4-heptadiene-6-one-4-olide (5-21).

13

(42)-7-benzoyloxy-2,4-heptadiene-6-one-4-olide or melodorinone-A (5-21)

To summarize, nine pure compounds including 1-hexacosanol (5-25), 5-

hydroxy-7-methoxyflavone (5-26), B-sitosterol (5-9), melodorinone-B (5-22), benzoic
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acid (5-19), chrysin (5-18), melodorinol (5-10) and melodorinone-A (5-21) were
isolated from the active fraction of M. fruticosum flower. All structures of isolated
compounds were presented in Figure 5.19. All isolated compounds were subjected
to antifungal activity test except for 5-hydroxy-7-methoxyflavone (5-26) because it

was obtained only in small amount.

2 OH O
1-hexacosanol (5-25) 5-hydroxy-7-methoxyflavone (5-26)
@)
OWO
O —
B-sitosterol (5-9) melodorinone-B (5-22)
0 HO 0 O
OH O |
OH O
benzoic acid (5-19) chrysin (5-18)
0] (0]
o NN o TN
HO (0] O (0]
0] 0]
melodorinol (5-10) melodorinone-A (5-21)

Figure 5.19 The structure of isolated compounds from flowers of M. fruticosum

5.6 Antiphytopathogenic fungi of isolated compounds in vitro

The isolated compounds form flowers of M. fruticosum were tested

antiphytopathogenic activity against P. parasitica at various concentrations (1, 10, 100
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and 1,000 pg-mL_l) by agar incorporation method which described in Chapter 2 for
bioassay guide to select the active compounds. The results of antifungal activity of
these compounds are present in Figure 5.20-5.21.

From the results, benzoic acid (18) displayed completely against mycelial
growth of P. parasitica at 1000 pg-mL%, followed by melodorinol (5-10) with 93.3%
inhibition. Whereas melodorinone-A (5-21) and chrysin (5-18) displayed slight
inhibition as 20 and 14.8%, respectively. On the other hand, 1- hexacosanol (5-25), B-
sitosterol (5-9) and melodorinone-B (5-22) cannot inhibit the mycelial growth of P.
parasitica. Moreover, B-sitosterol stimulated the mycelial growth of P. parasitica
faster than the control group. In case of B-sitosterol, the previous study this
compound serves as a nutrient source of Phytophthora species, sitosterol promoted
significant mycelial erowth and spore production when the medium was
supplemented with sitosterol [133, 134]. Therefore this is the reason why this
compound cannot inhibit P. parasitica in this study. Although, B-sitosterol does not
display against the mycelial gsrowth of P. parasitica, however, the biological activities
of this compound showed antimicrobial, anticancer, anti-diabetic and several other
medicinal activities [135].

Furthermore the structure activity relationship, benzoic acid derivative such as
melodorinones A, B (5-21, 5-22) and melodorinol from this plant presented the
antifungal activity less than benzoic acid (5-19). Therefore, the core structure as
benzoic acid displayed the essential for antifungal activity and when it derived to

other compounds in this plant the antifungal activity will decrease.
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Figure 5.22 Antifungal activity of isolated compounds from flower of M. fruticosum at

1000 pg-mL_1. A) DMSO, 5-25, 5-26 and 5-22; B) 5-19, 5-18 and 5-21

Base on the above results, P. parasitica was completely inhibited by benzoic

acid (5-19) and melodorinol (5-10). Therefore, these compounds were tested at

various concentrations against four fungi to evaluate and compare the ICs value of

each fungus and each compound. The percent inhibition growth was calculated and

ICso value as presented in Table 5.12 and Figures 5.22-5.23.

From this antifungal activity indicated that benzoic acid was possessed the

strongest inhibition compared with the other compounds. The data in Tables 5.12-
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5.13, P. parasitica as the sensitive strain when compared with other tested fungi,
benzoic acid revealed ICs, value higher than melodorinol as 107.5 and 130.0 pgmL_l,
respectively. This compound showed strongly against P. parasitica with 90.6%
inhibition and completely inhibited mycelial growth at 500 pg-mLfl. However, benzoic
acid and melodorinol showed the ICsy value more than 1000 pg-ml_’1 in case of C.
gloeosporioides and F. oxysporum, respectively. For the other fungi, benzoic acid
against A. porri and F. oxysporum with 1Csy as 325 and 450 pgmL_l, respectively and
melodorinol inhibited A. porri and C. gloeosporioides (350 and 900 pg-mLfl).

Table 5.12 Antifungal activity of benzoic acid (5-19) from M. fruticosum flower

against phytopathogenic fungi at various concentrations and ICs,

Concentration of benzoic acid (ug:mL™)

%inhibition

Fungi 10 100 250 500 1000

A. porri 7.1+£0.6 8.2+1.5 25.1+1.2 100.0+£0.0  100.0+0.0 325
C. gloeosporioides  0.0+£0.0 0.0+0.0 5.6+0.0 10.7+0.3 13.7£0.3  >1000
F. oxysporum 9.3£2.9 19.6+1.2 40.4+1.5 51.1+1.7 100.0£0.0 450

P. parasitica 6.3+0.6 46.0£1.0 90.6+0.0 100.0+0.0  100.0£0.0  107.5

*Values, an average + standard deviation (SD)



Table 5.13 Antifungal activity of melodorinol (5-10) from M. fruticosum flower

against phytopathogenic fungi at various concentration and ICs
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Concentration of melodorinol (pg-mL_l)

Fungi %inhibition ICsp
10 100 250 500 1000
A. porri 16.1+0.0 31.8+0.0 42.3+1.0 58.1+£0.0 68.5+1.0 350
C. gloeosporioides 8.0+0.6 23.9+0.6 26.7£1.2 33.3+1.2 52.4+0.6 900
F. oxysporum 17.8+1.5 21.9+0.6 28.1+£0.6 34.1+£2.5 44.3+1.7  >1000
P. parasitica 11.1+1.2 45.2+1.0 65.9+0.3 76.7+1.0 93.3+0.6 130.0

*Values, an average + standard deviation (SD)
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5.7 Conclusions

According to the separation of the CH,Cl, extract from the flowers of M.
fruticosum and followed the active fractions by antifungal activity against P.
parasitica. Eight pure compounds were obtained including 1-hexacosanol (5-25), 5-
hydroxy-7-methoxyflavone (5-26), B-sitosterol (5-9), melodorinone-B (5-22), benzoic
acid (5-19), chrysin (5-18), melodorinol (5-10), melodorinone-A (5-21). Benzoic acid
exhibited antifungal activity the highest when compared among the tested
compounds and followed by melodorinol with ICsq values as 107.5 and 130 pg-mLfl,
respectively. Therefore, both benzoic acid and melodorinol are effective against the

growth of fungi in vivo test in next chapter.



CHAPTER 6
IN VIVO ANTIPHYTOPATHOGENIC FUNGAL OF BIOACTIVE COMPOUNDS

6.1 Isolation of P. parasitica and pathogenicity

In this research, pineapple was chosen as the representative tested organism
because Thailand has been number one in exporting pineapple. In addition,
pineapple heart rot disease was interesting since it was a main crop loss in pineapple
field especially in the largest harvested field as Prachuabkhirikhan and Petchaburi.

P. parasitica was directly isolated from pineapple heart rot disease because the
old culture could not show disease symptom after inoculation. That was because
the culture kept long time to subculture or the host specific [136], thus it lost the
pathogenic activity. The fresh infected pineapple leaves were clean with sterilized
towels paper and placed on RNV selective media (Figure 6.1). After the plates were
incubated for 2 days, the hypha tips from the leaf section were cut and placed on
carrot agar plates [137]. The unique characteristics of P. parasitica were that the
mycelium had shape like chrysanthemums flower and sticky like spider, white
hyphae and coenocytes [19]. When it was grown on carrot agar at RT for 7 days and
water flooded above the mycelial growth for 3 days. After that the sporangia were
produced (Figure 6.2) and then moved the plate to 4°C for 1 h and removed to RT.
Abundant zoospores were released from sporangiospore after temperature was

shifted [138, 139].
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Figure 6.1 Isolation of P. parasitica; infected pineapple leave on RNV media (left), 3

days after incubated (right)

\

Figure 6.2 The growth of P. parasitica on PDA like chrysanthemum flower (right),

sporangiospore of P. parasitica contained many zoospores (left).

The pathogenicity of disease was determined on pineapple leaf under laboratory
using Koch’s postulation methods [3]. Briefly, the artificial inoculation was
commenced with cleaning the pineapple leaf by 1.5% NaOCLl for 5 min and rinsing
with sterilized water. After air drying, leaf was wounded by sterilized cork borer at the
basal white portion of leaves. The mycelial disc was placed down side on wound,
covered with wet cotton wool and incubated in plastic bag for 5 days. The symptom
of heart rot disease incidence presented in Figure 6.3, the mycelial were re-isolated
to pure culture and checked the morphology characteristics same as the culture

before inoculation.
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Figure 6.3 Fresh pineapple leaf (left) and the mycelium of P. parasitica (white arrow)

on pineapple leaf showed symptom of heart rot disease (right).

6.2 Detached leave methods

The methodology was previously described with some modification [21, 140].
The healthy pineapple leave 7-15" leaves from inside of the plants were selected
for inoculation and five leaflets of each treatment. The selected leaves were surface
sterilized with 1.5% NaOCl and re-rinsed with sterilized water, air dried for 30 min.
Following by washing and drying, plant leaves were wounded on the upper side
using cork borer No. 2. After that, applying 20 pL of active compounds including
mansonones E and G from M. gagei, ACA from A. g¢alanga, benzoic acid and
melodorinol from M. fruticosum on wound at different concentrations (250, 500,
1000, 2500 and 5000 pg-mL_l) and air dried. A standard fungicide, metalaxyl and
DMSO were served as positive and negative controls, respectively. The zoospore
suspension 20 pL with 5 x10° spore‘mL_1 were measured by haemacytometer and
dropped on wound and covered with wet cotton for induce disease. After that all
tested leave were contained in plastic bags and incubated at RT, after incubated for
3 days, the lesion area of disease were measured, and calculated the average
between length and width of lesion area. The lesion was calculated in percent
inhibition compared with negative control: %inhibition = (lesion of control -lesion of
treatment)/ lesion of control x 100. The results of the percentage of lesion inhibition

was show in Figure 6.4.
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After 3 day-incubation, the uninoculate control, the leave still turgid and
green and not show the disease symptom whereas the inoculation control
(0.5%DMSO+0.2%Tween in water) showed the symptom of rot disease invasive
around the wound, soaked water and soft tissue (the results not shown). Meanwhile,
inoculation and test with positive control as metalaxyl at 250 pg-mL’1 and strong
inhibited the lesion as 0.8 cm. According to Figure 6.4, the antifungal activity in vivo
when tested with detached method, ACA displayed significantly inhibited the disease
symptom at 2500 and 5000 ug-mLi1 (P<0.05), followed by melodorinol at the highest
concentration (5000 ugmL’l). In case of melodorinol, the tissue showed the brown
color but the mycelium was absent. Mansonones E and G showed poor results

against the lesion of disease. ACA displayed higher activity than those compounds

from M. gagei.
a a
100 4 =
90 -
80 _b
70 +
£ 60 ¢
£ -
2
% 50 -
3 a0 | 250 pg.mL-1
d 500 pg.mL-1
30 - -
. £ at e 1000 pg.mL-1
oo ® - fa - 52500 pg.mL-1
fg o fe fe
gy = g 8 8 g 18 __ 5000 pg.mL-1
10 h -
[
ACA mansonone E mansonone G benzoic acid melodorinol compounds

Figure 6.4 Percent lesion inhibition of tested compounds.
The bar represent standard deviation of the mean (n=5), the values
designated with  different letters differed significantly (P<0.05) according
to Tukey’s HSD.

For the artificial inoculation results, it depended on the density of zoospore if
a higher inoculation density resulted in more rapid and severed lesion formation. In
many previous studies, the high density of zoospore from Phytophthora parasitica

was used; more than 10° zoospores/mL for inoculation to test pathogenicity in fruit,
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leaves or stems [141, 142]. Takabashi and coworkers studied on the effects of
inoculation density of Pyricularia oryzae and found the densities of 5x10" and 5x10°
conidia mL " were no marked differences in disease severity [143]. The relationship
between inoculum level of P. capsici at 20 zoospores per plant caused significant
mortality of pepper [144]. Cartwright and colleagues prepared the suspension of P.
parasitica var. nicotianae at 5000 zoospore-mL_1 for artificial inoculum to tobacco
seedling [145]. Therefore, the concentration of zoospore suspension of 5x10°

zoospore-mL—1 was prepared and displayed the symptom of disease on leaves

(Figure 6.5).

(D)

Figure 6.5 The lesion of rot disease caused by zoospore of P. parasitica and the
antifungal activity of ACA (A), mansonone E (B), benzoic acid (C) and melodorinol (D)

at various concentrations; (left-right): control, 250, 500, 1000, 2500 and 5000 pg-mLfl.
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6.3  Antifungal activity of ACA (3-1) against P. parasitica in vivo (pineapple

suckers)

From the detached leave method, ACA (3-1) exhibited the highest activity
against the lesion disease caused by P. parasitica on pineapple leaves. The
antiphytopathogenic fungi in vivo in pineapple suckers was conducted according to
Takaya (1980) with some modification [138]. The healthy small suckers of pineapple
(size 5-10 cm and age 2 months) were clean and dried. The next steps, the clean
pineapple suckers were dipped in the ACA (3-1) solution (0.2% Tween 80) at various
concentrations (2500, 5000 and 10000 pg-ml_’l), air dried and put on cotton in the
plastic bag which soaked with 10 mL of the zoospore suspension and sealed. Five
suckers per treatment and three replicates were performed. The plastic bags of
treatment were incubated at RT for 5 days. After incubated, heart rot disease was
detected and recorded the number of sucker and some symptom or sign of disease
in pineapple sucker. The results of antifungal activity of ACA (3-1) against pineapple
heart rot disease caused by P. parasitica in pineapple suckers were recorded in

Table 6.1.

Table 6.1 The antifungal activity of ACA (3-1) against pineapple heart rot disease

caused by P. parasitica in vivo

Treatment Heart rot* Sign and Symptom
control (no inoc) - healthy green color, new root
control (inoc) +++++ soaked with water, abundant mycelial, bad smell, leaf
2,500 T+ easily pull out
5,000 ++++
10,000 ++ some disease and some healthy but no new root
metalaxyl** - green and healthy

*symptom of heart rot disease; - no symptom, ++40% disease, ++++ 80% disease, +++++ 100% disease.

** metalaxyl 250 pg-mL-1
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As the results after incubated the tested plants for 5 days, ACA (3-1) showed
moderate activity against pineapple heart rot disease caused by P. parasitica, even at
high concentration (10,000 pe-mL’), followed by 5000 ug-mL . Whereas at lower
concentration at 2500 ug-mL_l, all plants showed heart rot symptom with chrolosis,
soaked with water, soft tissue at the basal of suckers and when slightly pull on the
young symptomatic leaves will easily remove from the suckers, it confirm the
presence of the heart rot disease and this pathogen (P. parasitica) infections are
limited to the basal white of the leaves [146]. On the other hand, the control group
with sterilized water and non-inoculation the suckers still showed healthy green
leaves and emerge many new roots. In contrast, an inoculated control group (0.2%
Tween 80) showed the symptom of heart rot disease in all tested plants and the
mycelial of P. parasitica covered the suckers, the symptom as 2500 pg-mL_l. This
result clearly confirmed the solvent did not have any effect against the growth of P.

parasitica in pineapple suckers (Figure 6.6).

(A) L

(B)
Figure 6.6 The pineapple suckers were tested with ACA (3-1) against pineapple heart
rot disease caused by P. parasitica before inoculation (A) and after

incubated 5 days (B).
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6.4  Synergistic effects of bioactive compounds from A. galanga, M. gagei and

M. fruticosum

This study was performed to evaluate the interaction between ACA (3-1),
mansonone E (4-5) and melodorinol (5-10) isolated from A. galanga, M. gagei and M.
fruticosum, respectively. The synergy test used agar incorporation method at 1000
pg'mL_l final concentration against P. parasitica. The results are shown in Table 6.2

and Figure 6.7.

Table 6.2 Percent inhibitory of antifungal activity of synergistic with ACA (3-1),

mansonone E (4-5) and melodorinol (5-10)

ACA:man E* ACA:melo man E:melo ACA:man E:melo
ratio
growth growth growth
V) growth (mm)  %inh %inh %inh %inh
(mm) (mm) (mm)
9:1 0.0+0.0 100.0+0.0 0.0+0.0 100.0+0.0 30.0£0.0 66.7+0.0
3:1 11.0+0.0 87.8+0.0 16.7+14.4  81.5+12.1 27.7+£0.6  69.3+0.5
1:1 24.7+21.3 72.6+19.4  18.0+0.0 80.0+0.0 22.3+0.6  75.2+0.6
1:3 42.0+0.0 53.3+0.0 26.3+0.6 70.7+0.5 9.3+0.6 89.6+0.5
1:1:1 15.0+£0.0  83.3+0.0
7:2:1 53+4.6 94.1+4.2
1:7:2 29.7+£0.6  67.1+0.5
2:1:7 233+1.5 74.1+14

*+SD of mean

Combining these compounds with different ratios, the interaction of these
treatments displayed complete inhibition against P. parasitica when they combined
with ACA (3-1) at high concentration (9:1). When reduced the volume of ACA (3-1)
and increased the volume of other compounds, the percent inhibition was reduced.
These compounds may have different mode of antifungal action and the results of
combinations showed antagonist more than addition. However, when ACA (3-1) and
melodorinol or mansonone E was combined at the suitable ratios, the complete
inhibition of the mycelial growth of P. parasitica was observed. When there are more

than two compounds acting together as antifungal, they may be exerting multiple
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modes of inhibition on fungi, resulting in a reduced potential for the development of
resistance to the antimicrobials [147].

Ratio

AE

A:M

E:M

A:E:M

1:1:1 7:2:1 1:7:2 2:1:7

Control

CA acetone

Figure 6.7 Synergist of active compounds against P. parasitica at 1000 pgmL—l.

(A:ACA (3-1), E: mansonones E (4-5) and M: melodorinol (5-10))



CHAPTER 7
CONCLUSION

The screening of 46 Thai plants for antiphytopathogenic fungal activity was
conducted, the potent plants are Alpinia galanga, Mansonia gagei and Melodorum
fruticosum. The CH,Cl, extracts displayed antifungal activity against four selected
fungi higher than the MeOH extracts at 1000 pg-mL_1. Each selected plant was
macerated with CH,Cl, to get the extract for further separation. According to bioassay
guided by antifungal activity against P. parasitica, the active fractions were chosen for
investigation on their biological active substances. Based on physical properties and
spectroscopic data, the isolated compounds were identified.

Phenylpropanoids could be isolated from A. galangal rhizomes including 1"
acetoxychavicol acetate (ACA) (3-1), trans-p-coumaryl diacetate (3-8), trans-p-
hydroxycinnamyl acetate (3-6), trans-p-hydroxycinnamaldehyde (3-5) and two
compounds from ACA solvolysis, i.e., trans-p-coumaryl alcohol ethyl ether (3-24) and
trans-p-acetoxycinnamyl alcohol (3-17). Mansonones (1,2-naphthoquinones) and
coumarins were isolated from the heartwoods of M. gagei, namely mansorins A, B, C,
(4-20-22) mansonones C (4-3), E (4-5), G (4-7) and H (4-8). For M. fruticosum flowers,
8 compounds could be isolated including 1-hexacosanol (5-25), 5-hydroxy-7-
methoxyflavone (5-26), B-sitosterol (5-9), benzoic acid (5-19), 5,7-dihydroxyflavone
(5-18), melodorinol (5-10), melodorinones A (5-21) and B (5-22). All isolated
compounds from selected Thai plants were summarized in Table 7.1.

As part of antifungal research against four selected fungi, mansonone C
displayed the highest antifungal activity against P. parasitica, followed by mansonone
E (4-5), mansorin B (4-21), benzoic acid (5-19), mansonone G (4-7), melodorinol (5-
10) and ACA (3-1) with ICso as 3.2, 62.5, 87.7, 107.5, 110.0, 130.0 and 200 pgmL’l,
respectively. Whereas in case of F. oxysporum and C. gloeosporioides, mansonone G
(4-7) showed the antifungal activity higher than the other compounds with the ICs, of

11.5 and 87.5 pgmL’l, respectively. However, mansonone C (4-3) and mansorin B (4-
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21) were obtained in such a small amount so that they could not be enough for

further study. For the inhibition of spore germination of F. oxysporum, ACA (3-1) also

gave the highest result against spore germination, followed by mansonones E (4-5)

and G (4-7).

Table 7.1 List of isolated compounds from selected Thai plants

. Molecular
Plants no. Compounds Remarks Structure
formula
(o)
0)k
1'-acetoxychavicol acetate colorless o -
AGR 1 (3'1) oil C13H1404 )ko
trans-p-coumaryl
(o]
diacetate light
I % o N 0)k

2 (3-8) yellow oil Ci3H1404 )ko

trans-p-hydroxycinnamyl o}

acetate colorless /@/\/\o)k
3 (3-6) oil Cy1H1505 1o
trans-p-

hydroxycinnamaldehyde yellow M
4 (3-5) semi-solid CoHgO, o

trans-p-coumaryl alcohol

ethyl ether AN o

5** (3-24) yeuOW oil C11H1402 HO

trans-p-acetoxycinnamyl

alcohol white o x ol

6 (3-17) crystal C11H1105 *O/Q/\A




Table 7.1 (cont.)
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. Molecular
Plants no. Compounds Remarks Structure
formula
light
mansorin A yellow H,CO
MGH 7 (4'20) Crystal C15H1803
pale
mansorin B yellow
8 (4'21) pOWder C14H1603
mansorin C white
9 (4-22) crystal Ci4H1405
mansonone C orange
10 (4‘3) needle C15H1602
mansonone E orange
11 (4-5) solid C15H14O3
CHj (]
O
mansonone G orange Hom
12 (4'7) needle C15H1603 e cH,
CH; o
0
mansonone H red o O‘ L
13 (4—8) platelet C15H14O5 HC 0
1-hexacosanol white
MFF 14 (5-25) powder Ca6HseO HO/\/\/\/\/\/\/\/\/\/\/\/\/\




Table 7.1 (cont.)
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. Molecular
Plants no. Compounds Remarks Structure
formula
5-hydroxy-7-
methoxyflavone yellow
MFF 15 (5-26) Crystal Cy6H1204
B-sitosterol colorless
16 (5-9) needle C29H500
colorless
0
melodorinone B bulky
0 X
17 (5-22) crystal C14H1005 0
O
benzoic acid colorless OH
18 (5-19) crystal C;HeO,
5,7-dihydroxyflavone yellow
19 (5-18) pOWder C15H1004
Melodorinol yellow
20 (5-10) liquid C14H1205
melodorinone A white
21 (5-21) needle C14H1005

*AGR: A. galangal rhizomes, MGH: M. gagei heartwood and MFF: M. fruticosum flower.

**the isolated compounds from ACA solvolysis
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Since ACA, mansonones E and G, benzoic acid and melodorinol displayed
strong antifungal activity in vitro, they were chosen to test in vivo against pineapple
heart rot disease caused by P. parasitica. The antifungal activity in vivo were tested
by detached leave method and ACA (3-1) displayed completely against heart rot
lesion on pineapple leave at 3000 pg-ml_’l. Whereas the other compounds could not
inhibit the disease lesion even at the highest concentration. For the upscale in vivo
test, using pineapple suckers, ACA (3-1) showed slightly against heart rot disease. The
combination of ACA (3-1), mansonone E (4-5) and melodorinol was tested against P.
parasitica. These compounds did not show the synergist effect. However, this is the
excellent outcome of this research work and the best knowledge about the selected
Thai plants to utilize these natural resources not only for medicinal uses, but also for
antiphytopathogenic fungal. Furthermore this is the opportunity to discover the new

antifungal agent for sustainable agro-chemical in Thailand.
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Table A1 Phytotoxicity of ACA against lettuce seedlings

Seedling %Growth Fresh weight Seedlings length (mm.)

Concentration” growth inhibition (mg) Shoot Root Cotyledon
control 10.0+£0.0 0.0+0.0 174.4+12.8 5.1+0.7 24.6+3.3 12.4+1.3

10 10.0+0.0 0.0+0.0 170.2+24.6 4.2+0.8 32.5+15.6 11.6+1.5

50 10.0+0.0 0.0+£0.0 169.9+0.6 4.6+0.8 17.0+6.6 11.4+1.9

100 10.0+0.0 0.0+0.0 161.6+£12.7 4.2+1.3 14.0+4.4 10.6+1.3

250 9.0+1.4 10.0+0.0 96.9+12.4 2.7+0.8 1713 11.7+3.6

500 6.0+0.0 40.0£0.0 54.5+£9.6 1.0+0.0 0.0+0.0 8.2+3.3

1000 0.0+0.0 100.0+0.0 0.0+0.0 0.0+0.0 0.0+£0.0 0.0+0.0

*concentration (pg-mLfl)

Table A2 Phytotoxicity of ACA against Italian ryegrass

Seedling %Growth Fresh weight Length (mm.)
Concentration growth inhibition (mg) oot Root
control 10.0+0.0 0.0+0.0 209.1+5.2 62.6+11.9 28.6+6.4
10 10.0+£0.0 0.0+0.0 242.3+1.4 53.5+15.1 25.1+9.5
50 10.0+0.0 0.0+0.0 207.1+1.2 45.5+10.4 24.4+6.3
100 10.0+£0.0 0.0+0.0 244.8+21.4 55.7+9.5 29.7+7.3
250 10.0+0.0 0.0+0.0 212.0+1.1 42.5+14.8 20.3+10.7
500 10.0+£0.0 0.0+0.0 223.3+14.8 38.2+9.1 17.9+5.2

1000 5.0+0.0 50.0+0.0 85.7+5.7 29+10.7 6.1£3.5




169

Table A3 Phytotoxicity of trans-p-coumaryl diacetate against lettuce seedlings

Seedling  %Growth Fresh Seedlings length (mm.)

Concentration  growth inhibition weight Epicotyls Hypocotyls Cotyledon

(mg)

control 10.0+0.0 0.0+0.0 154.6+7.0 2.7+0.5 19.5+1.9 12.0+1.6
10 10.0+0.0 0.0+0.0 163.3+5.8 4.0+0.5 26.0+9.1 12.3+1.1
50 10.0+£0.0 0.0+0.0 140.8+11 3.7+0.9 24.0+6.2 12.2+1.3
100 10.0+£0.0 0.0+0.0 140.4+8.9 2.9+0.3 34.2+9.4 11.7+1.5
250 9.0+0.0 10.0+£0.0 99.3+£8.7 3.1+0.7 0.0+0.0 12.1+0.6
500 9.0+0.0 10.0+£0.0 83.3+1.0 1.8+0.6 0.0+£0.0 10.4+1.6
1000 6.5+2.1 35.0+20.2 61.1+28.7 0.8+0.6 0.0+0.0 9.4+2.4

Table A4 Phytotoxicity of trans-p-coumaryl diacetate against Italian ryegrass

Seedling  %Growth Fresh weight Length (mm.)
Concentration growth inhibition (mg) Shoot Root

control 10.0+0.0 0.0+0.0 209.1+5.2 62.6+11.9 28.616.4

10 10.0+£0.0 0.0£0.0 173.14£5.7 48.2+5.0 23.2+6.2

50 10.0+£0.0 0.0£0.0 164.0+£5.8 40.3t5.4 21.1+£8.5

100 10.0+0.0 0.0£0.0 146.3+0.1 39.3+6.1 20.0+5.7

250 10.0+£0.0 0.0+0.0 139.4+11 38.5+7.4 19.0+4.6

500 10.0+£0.0 0.0£0.0 123.3+8.4 31.6+8.3 18.0+6.3

1000 5.0+0.0 50.0+£0.0 93.9+1.7 21.2+£2.6 6.7+0.9
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Table A5 Phytotoxicity of trans-p-hydroxycinnamyl acetate against lettuce seedlings

Seedling  %Growth Fresh Seedlings length (mm.)

Concentration . .
growth  inhibition  weight (mg)  Epicotyl Hypocotyl Cotyledon

control 10.0+0.0 0.0+0.0 154.6+7.0 2.7+0.5 19.5£1.9 12.0+1.6
10 10.0+0.0 0.0+0.0 152.3+13.9 3.5+0.8 19.6£3.6 11.4+2.2
50 10.0+0.0 0.0+£0.0 164.2+0.5 3.3+0.8 30.7+8.2 10.9+2.1
100 10.0+0.0 0.0+0.0 145.9+12.6 35+1.3 27.3+8.2 10.9+0.7
250 10.0+0.0 0.0+£0.0 107.1+0.8 2.9+0.8 3.6+£3.6 10.7+1.2
500 10.0+0.0 0.0+£0.0 89.1+1.8 0.9+0.7 1.5+2.2 8.7+2.2
1000 8.0+0.0 20.0+£14.1 69.5+19.1 0.5+0.3 0.0+£0.0 7.5+1.6

Table A6 Phytotoxicity of trans-p-hydroxycinnamyl acetate against Italian ryegrass

Seedling %Growth Fresh weight Length (mm.)
Concentration growth inhibition (mg)
Shoot Root

control 10.0+0.0 0.0+£0.0 209.1+£5.2 62.6£11.9 28.6£6.4

10 10.0+0.0 0.0+0.0 149.2+3.1 38.1+5.1 22.1+4.8

50 10.0+£0.0 0.0£0.0 148.8+4.1 31.9+5.8 20.5+6.4

100 10.0+0.0 0.0+0.0 177.9+1.6 30.2+6.2 21.0+7.8

250 10.0+£0.0 0.0+£0.0 139.5+7.8 24.8+4.5 11.7+4.8

500 10.0+£0.0 0.0£0.0 129.3+0.3 20.8+6.6 8.6+1.7

1000 10.0+0.0 0.0+0.0 99.2+3.5 15.8+3.4 6.1+2.2
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Table A7 Phytotoxicity of trans-p-hydroxycinnamaldehyde against lettuce seedlings

Seedling  %Growth Fresh Seedlings length (mm.)

Concentration L .
growth  inhibition  weight (mg)  Epicotyl  Hypocotyl Cotyledon

control 10.0+0.0 0+0 174.4+12.8 5.1+0.7 26.5+£15.6 12.4+1.3
10 10.0£0.0 0+0 127.9+4.7 3.4+0.5 24.3+3.1 8.8+£1.3
50 10.0£0.0 0+0 144.1+0.8 3.3+0.5 25.2+5.9 9.6+1.1
100 10.0+0.0 0+0 140.7+0.7 3.5+0.7 22.4+5.6 9.9+1.5
250 10.0£0.0 0+0 135.7+£0.8 3.1+0.3 22.4+7.0 7.9+0.8
500 10.0+0.0 0+0 131.2+2.7 2.8+0.4 9.6+£3.5 7.7+£1.2
1000 10.0+0.0 0+0 11.2+0.8 0.2+0.3 0.0+0.0 1.8+2.3

Table A8 Phytotoxicity of trans-p-hydroxycinnamaldehyde against Italian ryegrass

Seedling %Growth  Fresh weight Length (mm.)
Concentration
growth inhibition (mg) Shoot Root

control 10.0+0.0 0.0+0.0 209.1+5.2 56.4+1.3 29.3+7.3

10 10.0£0.0 0.0£0.0 218.9+1.9 41.3+5.7 255+4.8

50 10.0£0.0 0.0+0.0 206.9+2.5 42.4+7.1 35.5+6.9

100 10.0+0.0 0.0+0.0 219.9+0.8 41.1+5.2 32.3+£5.7

250 10.0£0.0 0.0£0.0 201.5+1.4 43.4+7.3 30.8+8.5

500 10.0+0.0 0.0+0.0 179.4+1.2 36.6+6.6 23.3+5.1

1000 10.0+0.0 0.0+0.0 172.4+4.1 24.0+1.6 9.5+0.9

Table A9 Phytotoxicity of p-acetoxycinnamyl alcohol against lettuce seedlings

Seedling %Growth Fresh Seedlings length (mm.)

Concentration L .
growth  inhibition weight(mg) Epicotyl Hypocotyl Cotyledon

control 10.0+0.0 0.0+0.0 154.6+7.0 2.7+0.5 19.5+1.9 12.0£1.6
10 10.0+0.0 0.0+£0.0 162.8+1.2 4.0+£0.7 21.6+10.0 12.2+1.1
50 10.0+0.0 0.0+0.0 136.1+13.6 3.8+1.7 21.0£3.9 10.1+2.1
100 10.0+0.0 0.0+0.0 149.9+1.1 3.9+0.9 24.316.0 11.5+0.8
250 9.0+1.4 10.0+0.0 141.9+2.3 3.7+1.3 19.9+4.6 11.0+1.2
500 6.0+0.5 40.0£0.0  110.6+£22.6 1.1£0.3 1.1£3.5 10.1+1.7

1000 0.5+0.7 95.0+7.1 4.8+6.7 0.1+0.2 0.0+0.0 0.7+2.2
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Seedling %Growth Fresh weight Length (mm.)
Concentration
growth inhibition (mg) Shoot Root

control 10.0£0.0 0.0+0.0 209.1+5.2 62.6+£11.9 28.6£6.4

10 10.0+£0.0 0.0+0.0 144.2+1.1 32.216.1 12.3£3.1

50 10.0+£0.0 0.0+0.0 171.0+4.6 33.4+7.1 17.8+6.1

100 10.0+0.0 0.0+0.0 160.6+10.3 29.3+5.7 15.0+8.1

250 10.0+£0.0 0.0+0.0 163.5+0.1 25.7+7.8 13.0£5.9

500 10.0+0.0 0.0+0.0 138.8+7.7 24.2+2.5 58+3.3

1000 10.0+0.0 0.0+£0.0 112.7+0.7 16.6+4.1 4.1+1.9

Table A11 Phytotoxicity activity of coumaryl ethyl ether against Italian ryegrass

Seedling %Growth Fresh Length (mm.)
Concentration
growth inhibition  weight (mg) Shoot Root

control 10.0+0.0 0.0+0.0 209.1+5.2 62.6£11.9 28.6t£6.4

10 10.0+£0.0 0.0£0.0 187.1+2.8 43.9+7.6 21.3+6.4

50 10.0+0.0 0.0+0.0 172.1+4.8 40.6+5.7 21.9+8.4

100 10.0+0.0 0.0+0.0 187.8+1.0 42.8+4.4 17.5£5.7

250 10.0+£0.0 0.0+0.0 136.5+22.2 34.5+5.6 16.8+4.5

500 10.0+0.0 0.0+0.0 127.8+8.3 33.6+3.8 11.6+4.7

1000 10.0£0.0 0.0+£0.0 125.7+6.7 25.2+4.9 5.2+2.7
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Table A12 Phytotoxicity of coumaryl ethyl ether against lettuce seedling

seedling %Growth Fresh seedlings length (mm.)

Concentration o .
growth inhibition  weight(mg) Epicotyl  Hypocotyl Cotyledon

control 10.0+0.0 0.0+£0.0 174.4+12.8  5.1+£0.7 32.5+15.6 12.4+1.3
10 10.0+0.0 0.0+£0.0 1329+11.1 23104 30.1+3.5 10.2+1.2
50 10.0+0.0 0.0+£0.0 147.2+8.9 2.6£0.8 29.9+7.8 9.8+0.9
100 10.0+0.0 0.0+£0.0 138.4+8.3 2.2+0.4 26.3+6.2 9.0+1.1
250 10.0+0.0 0.0+0.0 131.6+3.2 2.3+0.4 23.747.3 9.9+0.7
500 10.0+0.0 0.0+0.0 124.1+4.2 2.1+£0.3 13.1+2.3 8.3+1.2
1000 10.0+0.0 0.0+£0.0 103.4£26.8  2.2+0.4 5.6+£3.2 7.5+£2.0

Table A13 Antifungal activity of isolated pure compounds from active fraction of M.

fruticosum against P. parasitica at 1000 pg-mLf1

Compounds no. Mycelial growth (mm.) %inhibition

acetone 90.0+0.0 0
5-25 90.0+0.0 0
5-26 90.0+0.0 0
5-9 90.0+0.0 0
5-19 0.0+0.0 100
5-18 76.7+1.6 14.8
5-10 0.0+0.0 100

5-21 72.0+2.1 20
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