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CHAPTER1

INTRODUCTION

Background and Significance of the Study

Ultraviolet (UV) radiation is a part of electromagnetic spectrum, which consist
of wavelengths from 100 nm to 400 nm. The ultraviolet spectrum can be further
divided into three characteristics: long-wave (UVA), medium wave (UVB), and short
wave (UVC) which the Eaith’s ozonc layers shield, filter and attenuate the UV
radiation. However, the-amounts of rays that-reach the earth’s surface are large
enough to cause harmful bielogical effects on the skin [1-3]. Furthermore, skin
disorders precipitated by expostre to sunlight or photosensitive eruption are broadly
divided into two types: phototexic reaction and photoallergic reaction. Both are
usually elicited by longer UVA swavelength (>315 nm). Photoallergic reaction are
immunological mediated, while phototofﬁc reaction are non immunological events
that inducing toxic cell damage [4]-

)

Additionally, some €hemicals caus_é“q,-:,skin irritation response only in the
presence of light [5]. These types of mate_f@sigre called phototoxic materials Most
substances such as diugs or chémicals as wefl és cosmetics, vegetables, fruits and
food additives which exhibit phototoxic potential are called photosensitizers [6, 7].
Moreover acute skin reactions to photosensitizing compounds may be due to
phototoxic or photoallergic.. Photosensitivity reaction of the human skin after contact
with photosensitizing plants is well known'as phytophotodermatitis. It is a classical
example of photetoxic reaction which is defined as inflammatory skin reaction caused
by exposed’ to suiilight ahd-contact with' Sonie) plants' contdining | furocoumarins
frequently the psoralen. Phototoxic reactions resemble hyperpigmentation or sunburn
and may also present with irritant, urticaria and allergic, as well as erythema, oedema,

blistering and sometime vesiculation [8-12].

Furocoumarins as psoralen, 5-methoxypsoralen (5-MOP) and 8-
methoxypsoralen (8§-MOP) are potent photosensitizers that are activated by near-UV
light (300-380 nm). UVA wavelengths between 350 and 365 in the presence of

furocoumarins able to induce the maximal phototoxic skin in human [13]. It has been



reported that combination of long-wave UV radiation with some furocoumarins and
drugs are toxic to DNA of various microorganism. During the UVA irradiation,
furocoumarins form mono- or di- photoadduct with the pyrimidine bases of the DNA,
resulting in the cross-linking of two strands of DNA, thereby causing in a partial loss
of template activity for RNA synthesis as well as inhibition of DNA replication [14].
From previous studies, furocoumarins have been shown phototoxic to microorganisms
such as yeast or bacteria. Therefore, it may be useful to screen the plants of

phototoxic activity by microorganisms [15-18].

The identification of chemicals or/ingrédients and formulation able to elicit a
phototoxic reaction is an important step in riSk.assessment processes. According to
the current recommendationgall chemiéal, mgredients, or cosmetic finished products
absorbing UV should .be tested for' acute phototoxic potential [19, 20]. The
phototoxicity screening#is important to assess the potential sources of phototoxic
chemicals. The phototoxi€itytesting has Béén frequently conducted with living animal

and human [21].

It is well known that membets of Iiuta.ceae and Umbelliferae family are most
species containing natural furocoumarins/‘as psoralen, bergapten, xanthoxin and
closely related derivatives [22]-1in human, ,égﬁgsure with the potent photosensitizing
agents can increase_sensitivity-to ‘sunlight "'eépecially UVA wavelength (>315 nm)
which causes phototoxic.dermatitis-of variable ntensity[23]. In Thailand, such plants
have been consumed for culinary purposes because of the tlavor, nutritional values as
well as for ingredienits of some cosmetics and perfumery which may exhibit
phototoxicity. Hence in this, studys; a number,of Fhai-Rutaceous and Umbelliferous
plants were selected'asa’sotrce of phototoxicity against' microoerganisms. The bacteria
as Bacillius subtilis, Staphylococcus aureus, Esclierichia coli ; the yeast as Candida
albicans. and Sacechalemyces; cerevisiae ‘were different cells sfor| evaluating their
potential as microorganisms for phototoxicity assay. Therefore, the aim of this study
was to develop microbiological assay to screen the phototoxic potential of selected

Thai Rutaceous and Umbelliferous plant extracts.



Objectives of the Study

1. To screen a phototoxic activity of selected Thai Rutaceous and

Umbelliferous plants.

2. To evaluate an appropriate selection of microorganism to phototoxic
reaction.
Scopes of the Study
1. Extraction of Rutaceous " Jmbelliferous plants, namely
a. A "h‘ Rutaceae
b. M ph 8 Rutaceae
c. i i Rutaceae
d. Rutaceae
e. Rutaceae
f. Rutaceae
g. atstss ool AR o .) Roem. Rutaceae
h. Murraf&??%;m A Rutaceae
1. W | Rutaceae
szhasza trifolia (Burm.t.) P. Wilm Rutaceae
ﬁ g ety e
Anethum graveolens L. Umbelhferae
QRGN N8 o
Angelica sinensis (Oliv.) Diels. Umbelliferae
0. Apium graveolens L. Umbelliferae
p. Coriandrum sativum Vern. Dhania. Umbelliferae
g. Cuminum cyminum L. Umbelliferae
r. Daucus carota L. Umbelliferae

S. Eryngium foetidum L. Umbelliferae



t. Ferrula assa-foetida L. Umbelliferae
u. Foeniculum vulgare Mill. Umbelliferae
V. Heracleum siamicum Craib Umbelliferae
W. Ligusticum wallichii Franch. Umbelliferae

X. Petroselinum crispum (Miller) AW. Hill ~ Umbelliferae

y. Pimpinella anisum L. Umbelliferae

1. i tes th  basic information regarding a phototoxic

aceous and Umbelliferous plants.

applied for the screening of

duct especially in skin care
—
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CHAPTER 11

LITERATURE REVIEWS

Photosensitivity

Photosensitivity is broadly divided into two major types, phototoxicity and
photoallergy. Both require the agents or chemicals to absorb ultraviolet A (UVA)
energy to be caused of activation. The result of Phototoxicity is direct cellular damage
caused by phototoxic agent and radiation. Phototoxic disorder can occur in any person
who receives enough deses of the agent and who is exposed to sufficient of the
activating wavelengths of .radiation (UV or wvisible light). No immunologic
mechanisms are involved in phioiofoxicireaction, which they can exhibit themselves
during begin exposed: In gonirast, photoAall-lergy refers to immunologically mediated
photosensitivity reaction. It/is a delayed hyp_ersensitivity response to a molecule that
has been modified by absorption of ﬁght energy. However, Phototoxicity and
Photoallergy have distinguishing features and similarity (Table 1) [24, 25].

5,

o
A4

Table 1 Differenting features of Phototo;i-ic'ijy‘and Photoallergy

Feature ‘ Phototoxicity Photoallergy

Clinical characteristic Exaggerated sunburn Acute, subacute, or

reaction: erythema, edema, chronic dermatitis: A

vesicales, and bullae; tash, usually eczemtous
burring, stinging; lesigns and usually
frequently resolves with pruritic
hyperimentation

Onset after exposure Minutes to hours 24 hr or more

Requirement for immunization No Yes

Incidence High Low

Dose of agent required Large Small




The basic principles of light

Sunlight is Earth's primary source of energy. Solar energy has been essential to
the variety of natural and synthetic processes of life on earth. It can produce the so-
called photobiological effects on microorganisms, plants, animals and humans.
Ultraviolet (UV) irradiances from the sun are defined as the wavelength range of 100
<A <400 nm, a wavelength shorter than that of visible light, but longer than x-rays.
The radiation within the UV spectrum can be further divided by wavelength into three
spectral regions: UVA (320-400 nm), UVB (280-320 nm) and UVC (200-290 nm)
(Figure 1). Besides, Ultraviolet is classified.as#foliows: [1-4]

Vacuum Ultraviolet (VUV).  (wavelength range of 10 <A <200 nm)
Extreme Ultraviolét (BUV) | (wavelength range of 10 <A < 121 nm)

Lyman-alpha (Lymanso.) (waizéiength range of 121 <A< 122 nm)
Far Ultraviolet (EUV) (wax}'qléngth range of 122 <A <200 nm)

Middle Ultraviolet (MUV) ‘ (wavéiénl;gth range of 200 <A <300 nm)

Near Ultraviolet (NUV) (wavelength range of 300 < <400 nm)

The Earth's atmosphere (ozone (Os), dioxygen (O;) and water vapor (H,O))
selectively filter out both UVC and UVB radiation. Due to this, UVA makes up about
95% of the UV radiation.that reaches the earth (Figure 2). The penetration of UV ray
into and through tissue of ‘skin cells has significant conséquences (Figure 2) [2, 3]. It
can cause damage to the skin such as erythema or sunburn, inflammation, mutagenic,
precaneerqusy lesions and-skin ccancer jincluding, melanoma; Fermation of singlet
oxygen radicals’ initiated by UV ‘exposure has “significance m' inducing a quick

browning, causing skin aging [4, 26].
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Figure 2

UV region and penetration of light into the skin: (A) Difference of
penetration of UV region due to ozone absorption before reaching the
surface of the Earth’s. (B) Penetration of light of varying wavelength
into the skin.



UV absorption of melanin is first defense mechanism when UV radiation
penetrates into the skin. This pigment is made in melanocytes and then transferres to
keratinocytes via long dendritic processes. UV escaping from melanin absorption can
induce DNA damage by either creating reactive oxygen species which cause skin
aging or by directly inducing chemical reactions within DNA. DNA can absorb the
ionizing radiation of ultraviolet light and undergo chemical modifications including
the formation of cyclobutane pyrimidine dimers (CPD) or 6-4 photoproducts (6-4PPs)
(Figure 3) [27].

A

Figure 3

DNA damages: (A) Two normal thymidine residues. (B)&(C)
Formation of cyclobutane pyrimidine dimers (CDP) and 6-4

photoproducts (6-4PP)



Furanocoumarins (Furocoumarins)

Furocoumarins are coumarin derivitives with a furan ring attached at the 6, 7-
or 7, 8- position coumarin, divided to linear and angular types with substituents at one
or both of the remaining benzenoid positions (Figure 4). Furocoumarins occur mainly
in the Rutaceae and Umbelliferae and are of toxicological importance because of their
photosensitizing properties. After percutaneous and also oral absorption, effect of
light (UV radiation energy) is to bring about injury to the skin cell with erythema and
blistering, swelling and increased pigmentation (phytophotodermatitis, PPD) [27].
Furocoumarins naturally are in the leaves, roofs.and fruits of plants which have been
used for centuries in India, Egypt and other ori€atal-eountries for treatment of vitiligo.
Linear furanocoumarin, xanthotoxin purified from Amumi majus was first introduced in
the treatment of pigmentationsdcfects as vitiligo long time ago [27, 28]. Most of the
compounds implicated” are / liner furocoumarins: psoralen, bergapten (5-
methoxypsoralen), xanthotoxin (8-meth6gypsoralen). Some angular furocoumarins
are also phototoxic: pimpinellin and the weaker toxin angelicin and sphondin (6-
methoxyangelicin). It is'known that linear furocoumarins can undergo cycloadditions
at the 3, 4- and/or 4°, 5’-positions onto the_nyimidine bases of DNA, yielding, in the
presence of light, mono- or bi-functional adduets. The latter can then cross-link the
macromolecule. This property explains that.—ir@}_'tagenic activity and cell mortality, but
it does not account for the resulting photosensitivity and hyperpigmentation (Figure 5)

[28].

However, Klaber R.E. [29] repoted in the tetim of Phytophotodermatitis,
emphasising the meed for, bothsplant which, eontaining.-derivative isomers of
furocoumarins' and"light to’ cause~the reaction, sunburn and’ widespread blistering
lesions or damage to epidermal cell. Furthermor€y Solis R.R. efal. [11] reported a
phytophotodermatitis due to prepating margaritas by squeezing limes with hands,
subsequently, sun exposure throughout the day. The next day, erythema affecting of
fingers was occurred. Two days after the sun exposure, vesicles developed over the
eryhematous areas (Figure 6). According to Weber I.C. et. al. finding on case
reported, a patient squeezed limes and put them in the beverages. Result was shown
phototoxic eruptions, the parallel streaks on the patient’s thigh apparently developed

after wiping excess lime juice from her fingers (Figure 7) [9].
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Figure S Linear or angular furocoumarins with pirimidine bases of DNA



11

ns areas of the fingers
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Figure 7,

Phototoxic eruptions: (A) Patient’s lower extremity showing
hyperpigmented parallel linear streaking on the right lateral thigh.
The streaks are a uniform hue. (B) Close-up of the patient’s lower

extremity
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Nevertheless, 7 patients from 11 presenting to phytophotodermatitis, showed a
variable degree of skin involvement in a parsnip picker at the local farm but one had
severe bullous eruptions of the fingers (Figure 8) [10]. In addition, Kadde S. et. al.
[30] studied the oil of bergamot, an extract from the rind of bergamot orenge (Citrus
aurantium ssp. bergamia) which has been used as an ingredient in cosmetics and
popularity in aromatherapy. The results demonstrated as photosensitive and
melanogenic properties because of the presence of furocoumarins, primarily

bergapten (5-methoxypsoralen, 5-MO

available bergamot aromath

% cause serious bullous phototoxic
reactions. > ‘//
» 2 ‘ —d -

' ’vhich provided evidence that commercially

AU INENTNEINS
RN INUNINYAY

Figure 8 Severe hand involvements in a parsnip picker
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However, the survey of the literatures has been made in an attempt to

determine how widespread the distribution of furocoumarins (psoralen) in plants. The

Umbelliferae and Rutaceae have been found to contain most furocoumarins than other

families (Table 2). On the other hand, various investigators have studied the

photosensitizing action of many naturally occurring furocoumarins and synthetically

prepared derivatives in human skin, guinea pig skin and bacteria. Not all of naturally

occurring furocoumarins tested were found to produce photosensitization [22]. The

reported member of several plants to causing photosensitization was shown in

Table 3. Major of them were Umbelliferous. and Rutaceous plants. Other families

associated with photosensitization were Convolvulaceae, Compositae, Cruciferae,

Rosaceae and Ranunculaceae.

Table 2  Distributions of Furocoumai‘ips in Nature [22, 31-36]

No. | Compound andsstructure 1 Natural sources Family
1. | Psoralen (Ficisin) Psoralea corylifolia Leguminosae
0 ;Q"Ez"cus carica Moraceae
I L -
{?'\”/‘;’\“’ 1 EI 4 - Coronilla glauca Leguminosae
4’ g -
N N Phebaliumai@enteum Rutaceae
Xanthoxylum flavum Rutaceae
2. | 5-Methoxypsoralen Ficus carica Moraceae
(Bergapten, Majudins Heraclin)
Fagara xanthoxyleides Rutaceae
0
U . .
ﬂ’/ e A /Uﬁ VZ Skimmiia laureola Rutaceae
0o 5 ) J Citrus bergamia (Riss0) Rutaceae
‘ _ Ruta graveolens Rutaceae
OCH;
Citrus limonum Rutaceae
Citrus acida Rutaceae
Faraca schinofolia Rutaceae
Ligustucum acutifolium Umbelliferae
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No. | Compound and structure Natural sources Family
Ligustucum acutifobum Umbelliferae
Heracleum sphondylium | Umbelliferae
Heracleum gigantum Umbelliferae
Ammi majus Umbelliferae
Heracleum nepalense Umbelliferae
Seseli indicum Umbelliferae
Pastinaeca.sativa Umbelliferae
Heracleum lanatum Umbelliferae
-\ Angelica archangelica Umbelliferae
-; Pimpinella magna Umbelliferae
Pimpinella saxifrage Umbelliferae
3. | 8-Methoxypsoralen Jiﬁl’mmz majus Umbelliferae
(Xanthotoxin or Methoxalen or 2
Ammoidin) _‘Zl__i_e_,gg{ica archangelica Umbelliferae
— = Pastinaca sativa Umbelliferae
N Ficus carica Moraceae
AL r
“ ll\ Ruta chalepensis Rutaceae
\/\\ f Fagara xanthoxylgides Rutaceae
Ruta‘Montana Rutaceae
Aegle'marmelos Rutaceae
Ruta graveolens Rutaceae
Luvanga scandens Rutaceae
Xanthoxylum flavum Rutaceae
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No. | Compound and structure Natural sources Family
4. | 8-Isopentenyloxypsoralen Ruta bracteosa Rutaceae
(Imperatorin or Ammidin)
Imparatoria ostruthium Umbelliferae
CH; :
Angelica glabra Umbelliferae
OCH,;—CH=C
/O - L /0 y o CH, Angelica archangelica Umbelliferae
A 7
" ﬁ l Ammi majus Umbelliferae
Pewcedanum ostruthium | Umbelliferae
"
Pastinaeca.sativa Umbelliferae
’.| Prangos pabularia Umbelliferae
-V Aegle marmelos Rutaceae
J Ruta chalepensis Rutaceae
5. | Prangenine Prangos pabularia Umbelliferae
A
Ay Y qf‘?
O O : —
I‘/ | N
s
OC1I;(CH;:).CH;
6. | 5,8-Dimeéthoxypsotalen Pimpinellasaxifrage Umbelliferae
(Isopimpinellin) Heracleum sphondylium | Umbelliferae
0 GH; Seseliindicum Umbelliferae
Q
/0 /O N4 Skimmia laureola Rutaceae
“ Citrus aurantifolia Rutaceae
\\\ o
| Luvanga scandens Rutaceae
OCH;
Thamnosma Montana Rutaceae
Heracleum lanatum Rutaceae

( var. nipponicum)

Citrus acida

Rutaceae
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No | Compound and structure Natural sources Family
7. | 5-Isopentenyloxypsoralen Peucedanum ostruthium | Umbelliferae
(Isoimperatorin)
Imperatoria ostruthium Umbelliferae
Pastinaca sativa Umbelliferae
8. | 4’-Methoxy, 5°-1 Umbelliferae
(Peucedanin)
Umbelliferae
H, C\ /H
C
SN
H;C ”
s
9. | 5-Epoxy isopentenyloxyp"_ n‘f/, ‘| Peute. Umbelliferae
(Oxypeucedani
Umbelliferae
‘ (0 Y\ ngos p@ularia Umbelliferae
’—WﬁL mperatoria ostruthium | Umbelliferae
a0 ey
0 ¢ o v/
10. Oraoselone Peucedanum officinale Umbelliferae
HC g Peucedanum oreoselinum | Umbelliferae
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No | Compound and structure Natural sources Family
11. | Ostruthol Peucedanum oreoselinum | Umbelliferae
O
(0 SO\
T a
(!)CHgCH—C(CHa)-z
12. | 5-Methoxy, 8- weelica glabra Umbelliferae
Isopentenyloxypsora
(Phellaptorin) \\*\\7\ littoralis Umbelliferae
[
13. | 4°,5-dihydro decursivum | Umbelliferae
isopropyl) pseralen (Nod .
Y |
H:C
e wmm
© il
2
o | EI
14. | Aglucone of nodakenin Peucedanum decurszvum Umbelliferae

(Nodakenetin)

H CH.OH
N

C C
C/\(O\E:j/O\/
I P
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No | Compound and structure Natural sources Family
15. | Psoralidin Psoralea corylifolia Leguminosae
CH, CH=C{8H3)2
O O
n/ T NA
SR ‘
16. | 5-Hydroxypsoralen ergamia (Risso) | Rutaceae
(Bergaptol)
Rutaceae
O
ﬂf
17. | 8-Hydroxypsorale ngelica archangelica Umbelliferae
(Xanthotoxol)
(0
‘o 4
FUEY ‘WEJ‘V] ANWEINNT
18. |5 Methox?S -epoxy Angﬂca glabra Umbelliferae

Bebbetiod | ﬁ“‘i ol N

O CHz*Cﬁ—\—\—C/
O \CH
/0 O/ *

(- \\j)

MINYINEY
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No | Compound and structure Natural sources Family
19. | 5-Methoxy-8-(2,3-dihydro) Angelica glabra Umbelliferae
isopentenyloxypsoralen
(Byak anglicin)
OH OH
OCHz-—(lJH—(lJ(CHs)z
0 0
(
1
OCH;,
20. | 5-Geranyloxypsor Rutaceae
(Bergamotin)
KD
I
21. a 'ﬁrylifolia Leguminosae
ngelzca glabra Umbelliferae
=Y o/
1TINYQE
22. | 5-Methoxyisopsoralen Pimpinella saxifrage Umbelliferae
(Isobergapten)
Heracleum sphondylium | Umbelliferae
/ / \/f Heracleum lanatum Umbelliferae
Pimpinella magna Umbelliferae
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No | Compound and structure Natural sources Family
23. | 5,6-Dimethoxy Pimpinella saxifrage Umbelliferae
Isopentenyloxypsoralen
(Pimpinellin) Heracleum sphondylium | Umbelliferae
AN Heracleum lanatum Umbelliferae
N\ O
Pimpinella magna Umbelliferae
/S
H;CO
24. | Oroselon » \ oreoselinum | Umbelliferae
H.C
AN
/
H,.C
RN, .
25. 6-Methoxyisolg)ralen S Te o Umbelliferae
(Sphondin) .~
Umbelliferae
Rutaceae
Umbelliferae
L W’Taﬁﬂiﬂjuv 1MINYINY
3 ) :
26. | Thamnosmin Thamnosma montana Rutaceae
¥
N, o o
NS
o o
(CHs):CHCH.CO

OCH,
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Table 2 Distributions of Furocoumarins in Nature (Continue)

No | Compound and structure Natural sources Family
27. | 47,5~ dihydro -5'- Athamanta oreoselinum | Umbelliferae
(1- hydroxyisopropyl), 4'-
hydroxydiisovaleryl ester Peucedanum oreoselinum | Umbelliferae
(Athamentin)
H: C
N
C—OCOCH;CH(CH3):
H: C OCOCH;CH(CH:):
SN
0\ (ljllz z
N~ >
U\ f;/
Table 3 Plants reported to eyoke phyf"pphotodermatitis
Common Name Botanical Name :"?‘" Family References
¥
Fig Ficus earica ; i-l? Moraeeae [37-40]
Parsnip Pastinaca sativa ) ¥ Umbelliferae [44]
Cow parsnip Herucleum sphondylium Umbelliferae [42, 44]
Garden parsnip | Heracleum gigantum Umbelliferae [22]
Wild parsnip Heraeleum mantegazzianum | Umbelliferae [42]
Fennel Foeniculum vulgare Umbelliferae [44]
Dill Anethum-grayeolens. Umbelliferae [41]
Parsley Peucedanum oreoselium Umbelliferae [41]
Petroselinum crispum Umbelliferae [44]
Wild carrot Daucus carota Umbelliferae [41, 44]
Garden carrot Daueus sativa Umbelliferae [22]
Masterwort Peucedanum ostruthium Umbelliferae [22]
Celery Apium graveolens Umbelliferae [42, 44]
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Table 3  Plants reported to evoke phytophotodermatitis (Continue)

Common Name Botanical Name Family References
Atrillal Ammi majus Umbelliferae [44]
Angelica Angelica species Umbelliferae [22]
Common rue Ruta graveolens Rutaeeae [42, 43]
Gas plant Dictamus albus Rutaeeae [42]
Lime bergamot Rutaeeae [30, 41, 42]
Rutaeeae [42]
Lime Rutaeeae [9, 11, 22]
| Rutaeeae [9, 11, 22]
Buttercup unculaceac [22]
Mustard \ iferae [41]
|
[22]
Blind weed Convolvulaceac | [41]
Agrimony | grzmo;:z-y,f%;gjpr?% Rosaeeae [22]
Yarrow (mill oil) ﬂ, chilleae mille —_—‘:4‘: positae [22]
Goose foot | opodiaeeae [41]
Bavaehi | Psqrcga coryilolia 'y Leguminosae [22]
St. John's Woﬂ 1‘41‘% ’} %&w w E Jl%mgeae [22]

90 Algn 01N
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Plant Description of Family Rutaceae [45]

General Description: shrub or trees (rarely herb), aromatic; sometimes thorny with

bitter compounds.

Figure 9 Citrus: (a) leafy, th_(ﬂry bra?ﬁ-_z‘cfi_-{With fruit; (b) longitudinal section
through flower; (¢) flower. Ru;&.,(d.) flower; (e) cross section through

ovary; (f)Jeafy branched stem with ﬂowersf.( J
7 A

=i

)
i s

Leaves: alternate (rarely.opposite), simple or, pinnately compound; usually with resin

or oil glands oxdots on the leaves, commonly giving off a strong aroma; no stipules.

Flowers: greenish-yellow, regulars (rarely irregular), perfect (rarely unisexual);
hypogynous or perigynous; inflorescence jof a ‘solitary flower or flowers borne in
cymes ofiracemes. Sepals: 4-5, distinct or connate. Petals: 4-5 (rarely 0), alternate the
sepals, distinct or connate at base. Stamens.: 4-10 (rarely many), filaments distinct or
connate toward the base; anthers opening by longitudinal slits and gland-tipped;
nectary disk present. Pistill: compound of 2-5 (rarely 1 or 6-many) united carpels;
locules 2-5 (rarely 1 or 6-many); ovules 1-several per locule and attached to axile or

parietal placentas; ovary superior and lobed; style 1, slender, stigma small.

Fruit: a berry, drupe, hesperidum, or schizocarp.
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Seed: with embryo curved or straight; oily endosperm may be absent

Economic Value: very important, with the genus Citrus (16 species) the most
significant for its fruits. Cultivated species include C. aurantium, Seville orange C.
aurantifolia, lime; C. limon, lemon; C. medica, citron;, C. paradisi, grapefruit; C.
reticulata, mandarins and tangerines; and C. sinensis, sweet orange. Other species are

used as ornamentals, such as Ruta graveolens, the ruta.

Plant Description of Family Umbehl\e'#)

General description: hemly v"voodﬁb hollow internodes; commonly

aromatic and p01s0n0u7

Figure 10 Lomatlum (a) leafy plant with cempound umbel.inflorescence; (b)

o) VA it i @ sl o1 shlshlocar of o

mericarps on carpophore; (f) pistil. Eryngium: (g) stem apex with

head inflorescence and involucral bract.
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Leave: alternate (rarely opposite) or basal, simple, more commonly pinnately or

palmately lobed, compound or dissected; petioles with sheathing base; no stipules.

Flowers: small, regular (rarely irregular), perfect (rarely unisexual); epigynous;
inflorescence usually a compound umbel, occasionally in heads or simple umbel,
often subtended by an involucre of bracts. Sepals: 5, distinct, small, or absent. Petals:
5 (rarely 0), distinct. Stamens: 5, filaments distinct, attached to the epigynous nectary
disk; anthers opening by longitudinal slits. Pistil: compound of 2 united carpels;
locules 2; ovules 1 per locule and botne on apical-axile placentas; ovary inferior;

styles 2, often subtended by an enlarged stylopodium.

Fruit: schizocarp of 2 mericarps, attached by a common stalk (carpophore); ribbed,

winged, or covered with"bump.er prickles.
Seed: with a small embrygs'€ndosperm present.

Economic Value: many species grown for food and spices. Daucus carota, the carrot,
and Pastinaca sativa, parsalp, -are ro%t ‘crops. Anthriscus cereifolium, chervil,
Anethum graveolens, ~dilly Apium grateolc_ens, celery; Carum carvi, caraway;
Petroselinum crispum, parsley; and Pimpi;i%ll& anisum, anise are used as flavorings,
spices, or vegetables. Some poisonbus specie‘éi,@re Aethusa, Cicuta (C. maculata, said
to be most poisonous of all north tempera_tct__ ﬁl‘gr{ts), Conium (C. maculatum, poison

hemlock, said to havekilled Socrates) and Oenanthe.



CHAPTER 111

MATERIALS AND METHODOLOGY

Chemicals
1. Dimethyl sulfoxide (Merck, Germany)
2. Mueller Hinton Agar (Merek, Germany)
3. Sabouraud Dextrose Agar (Mercks Germany)

4. Sodium chloride (Mallingkrodt, USA)

Equipments
1. Autoclaye ( ALP Co., Ltd.;j apan)
2. Rotary evaporation (Buchi "132.‘10, Switzerland)

3. Hot air oven (WTB binder I;Jg).4940006, Germany)

4. Spectrophotometer (160 Vis@é‘Spectrophotometer, Moscow)
5. UV chamber with two lamp 15 watt (Tokiva,Japan, wavelength 360nm)
Plant Materials

Plant materials , from, 25, ;species ,of, seleeted-, families Rutaceae and
Umbelliferae were'studied. ‘Samples were collected-from'botanical gardens, the local
markets and Thai Traditional drig stores. Allsmaterials were/ authenticated by
Associate Prof. Nigsiri*"Ruangrungsi; Ph.D. and voucher specimens were deposited at
College of Public Health Sciences, Chulalongkorn University. Rutaceous and

Umbelliferous plants were studied as follows:
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1. Aegle marmelos (L.) Corr. (Nzad)
Family: Rutaceae
Collected place: Thai traditional drugstore, Bangkok
Part used: dried fruits and roots
2. Atalantia monophylla DC. (4zu12i)
Family

Collected place: rden, Faculty of Pharmaceutical
‘ sity, Bangkok
Part usew )
3. Citrus /
Family:
Collected ional \\ gstore, Bangkok
Part used \
4 Citrus retic
Family:
Collected place: Thai traditional drugstore, Bangkok

y.f ' ‘
Part usﬂ . ' m
5. Feroniella lucida (Scheff.) Swingle. (4z&v)

G INENIRENT
aw‘imﬁ?mmﬁ%ﬂ“‘lﬁﬂ

Part used: dried leaves and stem branches

harmaceutical

, Bangkok
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Glycosmis pentaphylla (Retz.) DC. (taaanausianainilsn)
Family: Rutaceae

Collected place: Botanical garden, Faculty of Pharmaceutical

Sciences, Chulalongkorn University, Bangkok
Part used: dried leaves and stem branches
Hesperethusa crenulata (Roxb.) Roem. (A52LLay)
Family: Rutaceae

Collected place: Botanical“garden, Faculty of Pharmaceutical
Sciences, Chulalongkorn University, Bangkok

Part useds: dried leaves and stem branches

Murraya koenigii s (anwin)

Familys Rut:iéeae

Collected place; ‘ Botarii_c_;al garden, Faculty of Pharmaceutical

Sciences, Chulalongkorn University, Bangkok
Part used: fresh leavés and dried stem branches
Murraya paniculata L. (uﬁ;aﬁ)tt; '
Familys Rutaceae

Collected place: Botanical garden,” Faculty of Pharmaceutical

Scieneesy Chulalongkern-University, Bangkok
Part used: fresh leaves
TripRasia trifoha (Burm.t.) B.Wils. (dzU12t1e)
Family: Rutaceae

Collected place: Botanical garden, Faculty of Pharmaceutical

Sciences, Chulalongkorn University, Bangkok

Part used: fresh leaves



11.

12.

13.

14.

15.

16.
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Zanthoxylum limonella (Dennst.) Alston. (MElAIU)

Family:
Collected place:

Part used:

Rutaceae
local market, Nan, Thailand

dried fruits

Anethum graveolens L. (findia1? u3a iigusdnuau)

Family:

Collected place:

Part used:

Umbelliferae

local” market and Thai traditional drugstore,

Bangkok

fresh whole plants and dried fruits

Angelica dahtliea Benth, (Yn5&a)

Family:
Collected place:

Part used:

Umbélliferae

‘ Thai‘:,traditional drugstore, Bangkok

‘“dried-rhizomes

-
Angelica singhsis (Oliv.) Diels:(1ngidev)

Family:
Colleeted place:

Part used:

Umbelﬁfe}rae
Thaitraditional drugstore, Bangkok

dried roots

Apium gravealens L. (Au's)

Family:
Collected place:

Part used:

Umbelliferae
local.market;. Bangkeok

fresh whole plants and dried fruits

Coriandrum sativum Vern. Dhania. (Nnd)

Family:
Collected place:

Part used:

Umbelliferae
local market, Bangkok

fresh whole plants, dried fruits and fresh roots



17.
18.
19.
20.

21.

Ry
22,

Cuminum cyminum L. (+ig1ua1?)

Family: Umbelliferae
Collected place: Thai traditional drugstore, Bangkok
Part used: dried fruits

Daucus carota L. (wa9an)

Family: Umbelliferae

: angkok

Collected place: — = Thai tr al drugstore, Bangkok

Part ‘S},;-,— RY ]

Foenicullum vulgare Mill, (Witaauldian)
VRN iy 1 ATak)

place: 1 traditional drugstore, Bangkok
¢ o /

TRNNIUANTINEIA

Heracleum siamicum Craib (Neuiiaw)
Family: Umbelliferae
Collected place: local market, Nan, Thailand

Part used: dried fruits

30
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23.  Ligusticum wallichii Franch. (Tn§¥11i7)

Family: Umbelliferae
Collected place: Thai traditional drugstore, Bangkok
Part used: dried rhizome

24.  Petroselinum crispum (Miller) A.W. Hill (s¥iglutenInnel)

belliferae

25.  Pimpinella anisum’

Family:

Collectedplace:

Part used:

AU INENTNEINS
RN TUNRINYINE
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Extraction

The samples weighed 10 to 30 g were extracted by grinding to corse powder
and maceration with 95% ethanol. The marcs were filtered and reextracted until
exhaustion at room temperature. The ethanol filtrate were pooled and evaporated in
vacuo. The extracts yield were weighed, recorded and stored at 4 °C to avoid
degradation of active constituents. All extracts were dissolved in DMSO at various

concentrations and were employed to the phototoxicity testing.

Microorganisms

Microorganism (standard  strains) were obtained from the Department of
Biochemistry and Micrebiolegy, Faculty of Pharmaceutical Sciences, Chulalongkorn

University. Selected mi€roosganisis were I_s‘tudied as follows:
1. Gram negative bacteria Es;clhe_richia coli ATCC25922
2. Gram positive bacteria Stalz;hylococcus aureus ATCC6538P
3. Gram positive spore Vforrning_‘;:_b_z.lkcteria Bacillus subtilis ATCC6633
4. Pathogenic yeast Cundida azigiéié'ns ATCC10230

5. Non pathogenic yeast: Sacchdfé%)ces ceravisiae ATCC9763

Preparation of agar media

All agat médiaiwere dispensediifi watér’and stetilizedsin autoclave for 15 min
at 15 pounds pressure (121 °C). MHA of 38 grams was suspended in 1000 ml while
SDA of.65.grams was suspended.in, 1000.ml. Immediately,after autoclaving, allowed
it to cool in a 45 t0'50°C water bath."Poured the freshly ‘prepared ‘'and‘cooled medium
into flat-bottomed petri dishes on a level, horizontal surface to give a uniform depth of
approximately 4 mm (approximately 25 to 30 ml). The plates contained agar medium
allowed to cool to room temperature. Agar media of each batch of plates was examined
for sterility by incubating at 30 to 35°C for 24 hrs before test. Plates were used for agar
disc diffusion susceptibility test within seven days after preparation. All bacteria were

test on MHA. SDA were used as test media on two yeast strains.
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Preparation of inoculums suspensions

All bacteria were cultivated overnight (18-24 hrs) on MHA at 37 °C. Three to
five well-isolated colonies of the same morphological type were selected from an agar
plate to avoid testing mixed cultures. The top of seed selected colony was touched with

a loop and transferred into a tube containing about 5 ml of a NSS.

The turbidity of bacterial culture in NSS was verified using a
spectrophotometer with a 1-cm light path cuvette. The absorbance at 625 nm was
0.008 to 0.100 which comparable to ' the turbidity of 0.5 McFarland standard
(approximately 1 to 2 x 10° CEU/ml).

Two yeast strains, Candida albicans ATCC10230 and Saccharomyces
cerevisiae ATCC9763 were used and cultivated on Sabouraud Dextrose Agar (SDA).
The yeast suspension was prepated by the same procedure as described for bacteria

cell cultures.

Preparation of dried filter paper discs

Whatman AA discs size 6 mm in dia{th_e;gr was used. The discs were placed in a

Petri dish and sterilized in a hot air oven.

Preparation of UV echamber

The chamber for incubation of organisms with UV lamp was made. The
chamber size 60:x,50 x,30 em was-installed-with, two UV_ lamps (Figure 11, 12). Each

lamp provided'a bedam 'of 360 nm wave with'15 W/m® at'30 cni.



>

oFignre 11 UV lamp

i#
¢
-

—_ 4

Figure 12 UV chamber
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Phototoxic testing by disc diffusion method

Microorganism standard strains were grown and the inoculums were adjusted
the turbidity to 0.5 McFarland standards. Each inoculums were seeded on MHA plates
for bacteria and SDA for yeast. Disc diffusion method according to NCCLS [46-48]
including irradiation with UVA was applied to investigate the phototoxic potential of
plant materials in triplicate. Each of Rutaceous and Umbelliferous ethanol extract
were performed in the levels of 100, 50 and 25 mg/ml in DMSO. Paper discs of 6 mm
diameter were filled with 10ul of plant ‘extract and DMSO (negative control disc).
Test plates were exposed to UV lamp in the/Chamber (apart 30 cm above the surface
agar) for 24 hr whilst the control was kept without UV lamp. The inhibition zones

were determined and MI€ of the txtracts were calculated [49].

Interpretation and dataanalysis

Comparing the effect of phototoxic activity on plates after incubation with
exposure to UV lamp. Inhibition zones aéainst each microorganism were measured,
among irradiation with and without JV. The extracts of plants which caused a inhibit
zone under UV light and not it the dark wi@é!’.{ﬁhototoxic. Those plants which cause
area of inhibition in both light and dark Wé_reéntibiotic. In some cases the areas of
inhibition on irradiated plates were much larger in diameter than the zone of
inhibition on control plates. Those were both antibiotic and phototoxic and the effect
might be synergistic. All data were represented by meanrand standard deviation (n=3).
MIC was determined .as the zero. intercept” of linear. fitting of the squared radius
(diameter) of the inhibition’ zones.to 'the faturalllogarithm 6f concentration of the

tested extract [49, 50].



CHAPTER IV

RESULTS AND DISCUSSION

Rutaceous ethanol extraction

Fifteen samples of selected Thai Rutaceous plants were studied. Rutaceous

ethanol extracts yielded range from 4.70 % to 51.85 % as results shown in Table 4.

Table 4 Rutaceous extraction from selected plants

Plants Used parts Yield (% w/w)
Aegle marmelos (L.) Corr, Roots 8.53 (dry weight)
Aegle marmelos (L.) Coris Fruits 19.90 (dry weight)
Atalantia monophylla DC. ¢ Leayes 10.23  (fresh weight)
Citrus aurantifolia (Christm) Swing. 7 “Seeds 4991 (dry weight)
Citrus reticulata Blanco T_JS:,eeds 51.85 (dry weight)
Feroniella lucida (Scheff.) Swingle: .?_,»I_;Aeaves 18.40 (dry weight)
Feroniella lucida (Seheff.) Swingle. Stembranehes  6.23 (dry weight)
Glycosmis pentaphylla (Retz.) DC. Leaves 22.22 (dry weight)
Hesperethusa crenulata (Rexb.) Roem. Leaves 18.96 (dry weight)
Hesperethusa crenulata.(Roxb.) Roem. Stem.branches © 4.70 (dry weight)
Murraya koenigii L. Leéaves 8.34 | (fresh weight)
Murrayaskoenigii L. Stem branches = 4.70  (dry weight)
Murraya paniculata L. Leaves 10.17 (fresh weight)
Triphasia trifolia (Burm.t.) P. Wils. Leaves 8.45 (fresh weight)
Zanthoxylum limonella (Dennst.) Alston. Fruits 19.51 (dry weight)
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Umbelliferous ethanol extraction

Eighteen samples of selected Thai Umbelliferous plants were studied.

Umbelliferous ethanol extracts yielded range from 3.19% to 33.83% as results shown

in Table 5.

Table 5 Umbellifrous extraction from selected plants

Plants Used parts Yield (% w/w)
Anethum graveolens L. Whele plants 3.19 (fresh weight)
Anethum graveolens L. Fruits 6.76 (dry weight)
Angelica dahulica Benths Rhizomes 7.80 (dry weight)
Angelica sinensis (Oliv) Diels; Roots 29.56 (dry weight)
Apium graveolens L. . Whole plants 3.78 (fresh weight)
Apium graveolens L. _Fruits 6.05 (dry weight)
Coriandrum sativum Vern. Dhania. . Whole plants 4.11 (fresh weight)
Coriandrum sativum Vern. Dhania. .lg-ruits 10.96 (dry weight)
Coriandrum sativum Yern. Dhania. i Rbots 5.66 (fresh weight)
Cuminum cyminum L. Fruits 13.26 (dry weight)
Daucus carota L. Fruits 8.66 (dry weight)
Eryngium foetidum L. Whole plants 4.06 (fresh weight)
Ferrula assa-foetida L. Oleoresin 4,30 (dry weight)
Foeniculum vulgare Mill. Fruits 13.82 | (dry weight)
Heracleum siamicum Craib Fruits 11.78 (dry weight)
Ligusticum wallichii Franch. Rhizomes 33.83 (dry weight)
Petroselinum crispum (Miller) A.W. Hill Fruits 21.44 (dry weight)
Pimpinella anisum L. Fruits 13.93 (dry weight)




38

Phototoxic susceptibility

The in vitro activity of phototoxicity in selected Thai Rutaceous and
Umblliferous plant extracts was determined against microorganisms, bacteria and
yeast strains with unexposed and exposed to UV at wavelength 360 nm overnight.
The strain of gram-positive bacteria, S. aureus is the cause of skin infection and one
of spore forming bacteria, B. subtilis can be found in skin as normal flora and in
environment. The strains of gram-negative bacteria, E. coli can be found in
gastrointestinal tract as normal flora. Two yeast strains, S. cerevisiae can be found in
environment, whereas C. albicans can causesinfection in healthy individuals [51, 52].
Six extracts of Rutaceous and eights extracts of Umbelliferous plants showed
selectively inhibitory aetivity against the studied mieroorganisms except E. coli by

agar diffusion test with®UV Adirradiation

The inhibition” zomes o both selected Rutaceous and Umbeliferous plant
extracts were observed onsagar media Witl}_ concentration at 0, 250, 500 and 1000
pg/ml respectively. Inhibition zones, of §harp and clear margin were obtained. An
increment of inhibition Zones “diameter ‘\'!'zvé're found with respect to increasing
concentration of extract and estimation 'E')._'f average MIC were investigated from

inhibited zone of each concentration.

Selected Rutaceous plant extracts -uhder exposure to UVA selectively
exhibited inhibition-zénes against the tested microorganisins as shown in the extract
of A. marmelos (dried roots), A. monophylla (fresh leaves), F. lucida (dried leaves),
H. crenulata (dried leaves); M. koenigii (fresh leaves) and 7. trifolia (fresh leaves).
Results were indicated in Table 6,8, 10, 12, 14, 16. All of those were interpreted for

diameter of zone of inhibition as being low activity.

From the study:,of Shoeb,, A: ef. al./[53], alkaloids and coumarin from root of
A. marmelos as psoralen, xanthotoxin, 6, 7-dimethoxycoumarin and other constituent
isolate were reported. In the literature, evidences have been provided that the
distribution of furocoumarin and their metabolites in nature can be phototoxic to live
organism in presence of exposure to UV radiation. In this studied, the extract from
A. marmelos (dried root) showed phototoxic activities on microorganism (Table 6).
According to Shoeb, A. et. al, this was due to psoralen, xanthotoxin and other

furocoumarins. Phototoxic activity of A. marmelos (dried root) showed dose response
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relationship against gram positive bacteria: B. subtilis and S. aureus. Whilst gram
negative bacteria as E. coli and two strains of test yeast, C. albicans and S. cerevisiae,
appeared no inhibition zones. All strains on control group (without UV) were not
inhibited by this extract according to this assay. Results were indicated in Table 6.

The estimation of average MIC were shown in Table 7.

Phototoxic activity of 4. monophylla (fresh leaves) showed selected exhibition
on S. aureus with large clear zone of inhibition at highest concentration (Table 8). The
MIC was shown in Table 9. The activity of F. lucida (dried leaves) was similar but
less potent than the results of 4. monophylla.sThe result of inhibition and MIC were
shown in Table 9 and Table LO. A cren_ylata (diied leaves) exhibition activities on
S. aureus in accordance.with M. koénigii (fresh leaves) (Table 12 and Table 14)
and their MIC were shown in.Table 13 and Table 15. For Rutaceous plant extracts,
T. trifolia (fresh leaves)'exhibited activ|ity on B. subtilis and S. aureus. The lowest
activity even at high level of concentrall_tAi"(l)n was shown on B. subtilis (Table 16).

Results of MIC were indicated in Table 17

Selected Umbelliferous plant extra;:'t_s, ‘except Apium graveolens (dried fruits),
H. siamicum (dried fruits) and P. crispumjé"dried fruits) had no antimicrobial activity
against all tested microorganisms o the controll agar plates. Under exposure to UVA,
the extracts of Anethum graveolens (fresh 'Whéle'plant and dried fruits), A. dahulica
(dried rhizomes), Apiumgraveolens (dricd fruits), I~ vulgare (dried fruits), H.
siamicum, (dried fruits), P. crispum (dried fruits) and P. anisum (dried fruits)

selectively exhibited inthibition zones against the tested microorganisms.

On thesplate of itradiation with“UVA, ‘the' inhibitory activity were from
Anethum graveolens (fresh whole plant) against B. subtilis and S. aureus (Table 18)
with MIC qof' }51.3, and .41 4-ug/dise respectively swhile jthe dried, fruits exhibited
activity against S. ‘aureus with MIC of 228.2 pg/disc. According to ‘Belleinger, H. E,
Anethum graveolens was one of the plants reported to evoke phytophotodermatitis

[41].

Phototoxic activity of 4. dahulica against B. subtilis, S. aureus, C. albicans
and S. cerevisiae were shown in Table 22 with large zones of inhibition. Results of
MIC were indicated in Table 23. According to Pathak, M.A. et. al., Angelica species

were determined and revealed the distribution of furocoumarin [22].
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Activity of Apium graveolens was shown phototoxic on S. cerevisiae which
the effect might be synergistic. The results with MIC were indicated in Table 24 and
25. H. siamicum against B. subtilis, S. aureus C. albicans and S. cerevisiae had high
activity as large sizes of inhibition zones rather than other. Results were shown in
Table 28. The MIC of this extract exhibited high activity as indicated in Table 29.
Finally, three extracts as F. vulgare, P. crispum and P. anisum exhibited phototoxicity
only on S. aureus with MIC of 182.0, 125.4 and 198.4 ug/disc respectively. The
results were indicated in Table 26, 27 and. 30-33.

The phototoxic propeities of furanoceumarins and related compounds have
been assayed using fungi [15,.54], green algac [55-57], bacteria [58, 59], laboratory
animals [60, 61] and Artemia salina [62]. Nowadays cultured human skin systems
were available [63, 64].he methodology in this study was basically similar to those
used for testing the antimicrebial propefties of compounds, but further coupled with
UV 360 nm irradiation.#So this technicigé was able to quickly screen the possibly

phototoxic compounds in plant extracts and ealeulate MIC from inhibition zone.

The first effort to" measure phot;')_toxicity in vitro was a microbiological
approach as the test organism [15] with somhe modification [65]. Pure compound of
furocoumarin were previously studied. Faerééfﬁénn, J and Larko, O. tested phototoxic
effect of eight methoxypsoraleri(8-MOP) aﬁﬂ-’fﬁmethylpsoralen (TMP) against various
microorganisms: Staphylococcus-aireus, S—epidermidis-C. albicans and Pityrosporum
orbiculare. The results showed phototoxic activities against all microorganisms
tested [66]. S. aureus and E. coli were previously reported as test systems of
phototoxicity [164 17} (Calbicans and.=S. pcerevisiae -haye- also been tested for
phototoxicity study“[15; 18, 67]."In 'this “studied;* crude ‘extracts of selected Thai
Rutaceae and Umbelliferae plant were tested on five microorganismis. On the contrary
of the“previous studies, the: phototoxicity showed se¢lectivity’ among the tested
microorganisms. S. aureus was more sensitive than others. E. coli showed no effect
from these selected Rutaceous and Umbelliferous plant. B. subtilis, C. albicans and S.
cerevisiae were sensitive for some of the studied species as well. The microbiological
test for phototoxicity screening should be performed by using a variety of
microorganisms for more reliability. The summarization of phototoxic activity were

indicated in Table 34 and 35.
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Table 6  Activity of A. marmelos (dried root) on growth of microorganisms by

agar disc diffusion

Inhibition zone (mm*)
Concentration
Plant . Irradiated with UV lamp 360 nm
(ng/disc)
E. coli B. subtilis S. aureus C. albicans S. cerevisiae
DMSO NA NA NA NA NA
250 NA +0.29 NA NA NA
500 7.00 = 0.00 NA NA
1000 .00 = 0.00 NA NA
S
S Concentratio - W MUV lamp
= # 4 W -
S , Sy
S a C. albicans S. cerevisiae
~
NA NA
NA NA
NA NA
NA NA

Melos (dried root) extracts
rad_@ted with UVA

¢ MIC (pg/disc)
| Al £ oY L

i S. aureus

U
¢ o
‘ ‘ |-
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Table 8 Activity of A. monophylla (fresh leaves) on growth of microorganisms

by agar disc diffusion
Inhibition zone (mm*)
Concentration
Plant . Irradiated with UV lamp 360 nm
(ng/disc)
E. coli B. subtilis S. aureus C. albicans S. cerevisiae
DMSO NA NA NA NA NA
250 NA NA NA NA
500 7.33 £ 0.58 NA NA
1000 .00 = 1.00 NA NA

Concentratior

(ng/disc)} coli’ subtilis C.albicans | S.cerevisiae

A. monophylla

DMSO 2 AN NA NA

250 NA NA
500 NA NA
1000 NA NA

*mean+ SD,n=3, NA =

Table 9 ion of average MIC in A. mo ylla (fresh leaves) extracts
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Table 10  Activity of F. lucida (dried leaves) on growth of microorganisms by
agar disc diffusion
Inhibition zone (mm*)
Concentration
Plant . Irradiated with UV lamp 360 nm
(ng/disc)
E. coli B. subtilis S. aureus C.albicans | S. cerevisiae
DMSO NA NA NA NA NA
250 NA NA NA
500 6.50 £0.00 NA NA
1000 ---"_ 17£0.29 NA NA
3 . Without U
3 Concentration™ V lamp
< (pg/disc, C. albicans | S. cerevisiae
DMSO-~ NA NA
250 NA NA
500 NA NA
1000 NA NA

*mean+ SD,n=3, NA =
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Table 12  Activity of H. crenulata (dried leaves) on growth of microorganisms

by agar disc diffusion
Inhibition zone (mm*)
Concentration
Plant . Irradiated with UV lamp 360 nm
(ng/disc)
E. coli B. subtilis S. aureus C. albicans S. cerevisiae
DMSO NA NA NA NA NA
250 717 +£0.29 NA NA
500 % 1“’5 , 8.00 = 0.00 NA NA

. WV lamp

Concentration”

(ng/disc ‘E.coli .aure C.albicans | S. cerevisiae

H. crenulata

DMSO - }'_ NA NA NA

250 NA NA
500 NA NA
1000 NA NA

*mean+ SD,n=3, NA =
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Table 14 Activity of M. koenigii (fresh leaves) on growth of microorganisms by

agar disc diffusion

Inhibition zone (mm*)
Concentration
Plant . Irradiated with UV lamp 360 nm
(ng/disc)
E. coli B. subtilis S. aureus C. albicans S. cerevisiae
DMSO NA NA NA NA NA
250 NA 6.50 = 0.00 NA NA
500 ;& 1“’5 , 7.33 £ 0.58 NA NA

. WV lamp

Concentration”

(ng/disc C. albicans | S. cerevisiae

M. koenigii

DMSO - }'_ NA NA NA

250 NA NA
500 NA NA
1000 NA NA

*mean+ SD,n=3, NA =

Table 15 I (fresh leaves) extracts

againstEicro atedﬂith UVA

@ MIC (pg/disc)
. -l
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Table 16  Activity of T. trifolia (fresh leaves) on growth of microorganisms by
agar disc diffusion
Inhibition zone (mm*)
Concentration
Plant . Irradiated with UV lamp 360 nm
(ng/disc)
E. coli B. subtilis S. aureus C. albicans | S. cerevisiae
DMSO NA NA NA NA NA
250 NA NA NA NA NA
500 6.50 £ 0.00 NA NA
1000 7+£0.29 NA NA
S
% Concentratio
: (ng/disc C.albicans | S.cerevisiae
NA NA
NA NA
NA NA
NA NA

S. aureus

gwsens el inynd

AIC <500




47

Table 18  Activity of Anethum graveolens (fresh whole plants) on growth of

microorganisms by agar disc diffusion

Inhibition zone (mm*)
Concentration
Plant . Irradiated with UV lamp 360 nm
(ng/disc)
E. coli B. subtilis S. aureus C. albicans S. cerevisiae
DMSO NA NA NA NA NA
250 NA 13.00 = 0.58 NA NA
500 14.44 + 0.51 NA NA
“ 1000 8.11 +0.77 NA NA
S
S Concentratio
=
Q .
5 (ng/disc C.albicans | S. cerevisiae
~ NA NA
NA NA
NA NA
NA NA

plants) extracts aga DOrg: ith irradiated with UVA

Plaﬁl u Ejr:

S. aureus

: ~ o414
oI NEIaY
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Table 20  Activity of Anethum graveolens (dried fruit) on growth of microorganisms

by agar disc diffusion
Inhibition zone (mm*)
Concentration
Plant . Irradiated with UV lamp 360 nm
(ng/disc)
E. coli B. subtilis S. aureus C. albicans S. cerevisiae
DMSO NA NA NA NA NA
250 NA 6.33 £ 0.29 NA NA
500 7.67 £ 0.59 NA NA
1000 .67 £ 0.59 NA NA

Concentratior

(png/disc) | coli’ subtilis . aure C.albicans | S. cerevisiae

A. graveolens

DMSO 2 AN NA NA

250 NA NA
500 NA NA
1000 NA NA

*mean+ SD,n=3, NA =

Table 21 graveolens (dried fruit)

it_ﬂdiated with UVA

L7 MIC (pg/disc)
‘ =
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Table 22  Activity of A. dahulica (dried rhizomes) on growth of microorganisms

by agar disc diffusion

Inhibition zone (mm*)
Concentration
Plant . Irradiated with UV lamp 360 nm
(ng/disc)
E. coli B. subtilis S. aureus C. albicans S. cerevisiae
DMSO NA NA NA NA NA
250 NA 7.00 £0.00 7.00 £0.00 9.67 £0.58 7.00 +0.00
500 NA 7.67 £ 0458 8.67 £0.58 11.67 = 0.58 9.33 +£0.58
1000 NA _1}0.67 +0.58 | 11.33+0.58 | 13.33 +£0.58 10.67 £ 0.58
S '
2 .
= Concentration Without UV lamp
=
S (ng/disc) : \ i i isi
S ng E.coli ? subtilis S. aureus C. albicans | S. cerevisiae
< +
DMSO NAF I, « NA NA NA NA
250 NAF, ¥ "'NA NA NA NA
o
500 NA . NA NA NA NA
1000 NA v ANA NA NA NA
Sl TS
*mean + SD, n = 3, NA = no activity 7 h

Table 23 Estimé@fﬁn of average MIC in A. dahUIICéIi _(dried rhizomes) extracts

against mi_croorganism with irradiated with UVA

MIC (ng/disc)
Plant

B.'subtilis S. aureus C.'albicans S. cerevisiae

A. dahulica 198:4 191:4 609 161.0
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Table 24  Activity of Apium graveolens (dried fruit) on growth of microorganisms by

agar disc diffusion

Inhibition zone (mm*)

Concentration
Plant . Irradiated with UV lamp 360 nm
(ng/disc)
E. coli B. subtilis S. aureus C. albicans S. cerevisiae
DMSO NA NA NA NA NA
250 NA NA NA NA 7.67 £0.58
500 NA 8.67 £0.58 10.33 £ 0.58
“ 1000 9.67 £ 0.58 12.67 £ 0.58
§ | ——
S WUV lamp
S E -
S W -
5 \\Q SV, C. albicans | S. cerevisiae
= NA NA
NA NA

8.33 +£0.58 7.33 +£0.58

9.67 £0.58 9.67 +0.58

ns (dried fruit) extracts

MIC (png/disc)

‘VlEJWiWEsJ'Jrﬂ@

A. ﬁraveolens

q

= 15504 e/ :
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Table 26  Activity of F. vulgare (dried fruits) on growth of microorganisms by

agar disc diffusion

*mean+ SD,n=3, NA =

Table 27

Inhibition zone (mm*)
Concentration
Plant . Irradiated with UV lamp 360 nm
(ng/disc)
E. coli B. subtilis S. aureus C. albicans | S. cerevisiae
DMSO NA NA NA NA NA
250 6.67 £0.29 NA NA
500 7.83 £ 0.76 NA NA
1000 ---"_ .33 + 0.58 NA NA
S " Without U
E‘J Concentration™ V lamp
~ (pg/disc, / // 3 C. albicans | S. cerevisiae
h -
500 NA NA
1000 NA NA

o ated_@ith UVA

@ MIC (pg/disc)
Al & f W~
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Table 28  Activity of H. siamicum (dried fruits) on growth of microorganisms
by agar disc diffusion
Inhibition zone (mm*)
Concentration
Plant . Irradiated with UV lamp 360 nm
(ng/disc)
E. coli B. subtilis S. aureus C. albicans | S. cerevisiae
DMSO NA NA NA NA NA
250 NA 9.00 +0.00 16.33 £0.58 | 14.67 £ 0.58
500 12.33+£0.58 | 17.33+0.58 | 17.67 £0.58
s .67+0.58 | 18.67+0.58 | 20.33 +0.58
3 —e
§ Concentratio . UV lamp
3
> C.albicans | S. cerevisiae
T
NA NA
NA NA
NA NA
NA NA

Table 29 (dried fruits) extracts
ated Eith UVA
) ¢ o AMIC (pg/disc)
- Atiansnaiiithe
S ' §. | . icans S. cerevisiae
+ g
H. sigmi —~

JRLivala

neaYy—
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Table 30  Activity of P. crispum (dried fruit) on growth of microorganisms by
agar disc diffusion
Inhibition zone (mm*)
Concentration
Plant . Irradiated with UV lamp 360 nm
(ng/disc)
E. coli B. subtilis S. aureus C. albicans | S. cerevisiae
DMSO NA NA NA NA NA
250 7.00 +0.00 NA NA
500 % 1“"; , 7.33 £ 0.58 NA NA
S "'m-a.U
Y Concentration” V lamp
2 .
© (ng/disc C.albicans | S.cerevisiae
Y
DMSO NA NA
250 NA NA
500 NA NA
1000 NA NA

*mean+ SD,n=3, NA =
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Table 32  Activity of P. anisum (dried fruit) on growth of microorganisms by

agar disc diffusion

Inhibition zone (mm*)
Concentration
Plant . Irradiated with UV lamp 360 nm
(ng/disc)
E. coli B. subtilis S. aureus C. albicans | S. cerevisiae
DMSO NA NA NA NA NA
250 6.50 £ 0.50 NA NA
500 7.50 £ 0.50 NA NA

Concentration” WV lamp

P. anisum

ki, /// B. subtilis C.albicans | S. cerevisiae
DMSO- '/ﬂ ) L NAN \ NA NA

500 NA NA
1000 NA NA

*mean+ SD,n=3, NA =
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Table 34 Summarization of the phototoxic activity of selected Thai Rutaceous

plant extracts

Plants Used parts 1 2 3 4 5
A. marmelos Roots - + + - -
A. marmelos Fruits - - — — -
A. monophylla Leaves - - + — -

C. aurantifolia
C. reticulata
F. lucida

F. lucida

G. pentaphylla
H. crenulata
H. crenulata
M. koenigii
M. koenigii

M. paniculata
T. trifolia

Z. limonella

vicans, 5= 8. cerevisiae

+ = Activity, =No activity

’QW']ﬂ\ﬂﬂ‘iﬂJ {191 nenas
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Table 35 Summarization of the phototoxic activity of selected Thai

Umbelliferous plant extracts

Plants Used parts 1 2 3 4 5
Anethum graveolens ~ Whole plants - + + - -
Anethum graveolens  Fruits - - + — -
A. dahulica Rhizomes - + + + +

A. sinensis
Apium graveolens
Apium graveolens
C. sativum

C. sativum

C. sativum

C. cyminum

D. carota

E. foetidum

F. assa-foetida

; ,,\'.'" f
F. vulgare ~ _m + — —

H. siamicum + + +

L watichi ﬂ‘NE}Q mEJ‘VITWEMﬂ’i

P. crispum Fruits - -

CARAEIUANIINENEY |

NOTE: 1=FE. coli, 2= B. subtilis, 3= S. aureus, 4= C. albicans, 5= S. cerevisiae

+ = Activity, — = No activity



CHAPTER V

CONCLUSION

Screening of the phototoxic activity among twenty-five species on various
microorganisms showed that six ethanol extracts of Rutaceous plant and eight ethanol
extracts of Umbelliferous plant selectively exhibited inhibition zones against the
tested microorganisms. The most sensitive microorganism was S. aureus. The strains
of B. subtilis, C. albicans and S. cerevisiaewere sensitive for some of the studied
species as well. Whilst E. coliwas not susceptible to this phototoxic testing. Thus, the
microbiological test forsphototexicity screening should be performed by using a
variety of microorgamiSms for- more reliability. In wiew of the rapid, easiness,
sensitivity and low cost of microorganis%m} test. S. aureus was suitable to investigate
UV A-radiation assisted phototoxicity of :pllant extract. Therefore S. aureus might be
used as one of the alternate in vitro test f&)r phototoxic potential of plant extract. This
method was simple and able to.be use({-jé@s a presumptive test for the presence of
photosensitizing in plant materials. The 'iﬂte_rpretation was based upon correlation
with the distribution of the compounds i@%ﬁ%‘ure, in addition to the pure specific

chemical compounds. - - -

The microorganisms test system could be very useful to provide phototoxicity
potential information Of plant materials. Using the products containing these plants
should beware to avoid the sunlight exposure. This method can be used as screening

tool for the presnmiptive identification of plants'catsing phytophotodermatitis.
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A. marmelos (dried root) against B. subtilis. The extract
concentrations were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.
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Figure 14

A. marmelos (dried root) against S. aureus. The extract concentrations
were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.
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A. monothylla (fresh leaves) against S. aureus. The extract
concentrations were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.
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F. lucida (dried leaves) against S. aureus. The extract concentrations
were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.
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Figure 17

H. crenulata (dried leaves) against S. aureus. The extract
concentrations were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.
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M. Koenigii (fresh leaves) against S. aureus. The extract
concentrations were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.
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Figure 11)

T. trifolia (fresh leaves) against B. subtilis. The extract concentrations
were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.
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T. trifolia (fresh leaves) against S. aureus. The extract concentrations
were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.
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Anethum graveolens (fresh whole plants) against B. subtilis. The
extract concentrations were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.

Figur
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Figure

Anethum graveolens (fresh whole plants) against S. aureus. The
extract concentrations were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.
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Anethum graveolens (dried fruits) against S. aureus. The extract
concentrations were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.
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A. dahulica (dried rhizomes) against B. subtilis. The extract
concentrations were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.
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A. dahulica (dried rhizomes) against S. aureus. The extract
concentrations were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.
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A. dahulica (dried rhizomes) against C. albicans. The extract
concentrations were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.



80

i

AULINENINYINT
ARINNILIA TN N Y

Figure

A. dahulica (dried rhizomes) against S. cerevisiae. The extract
concentrations were 10 pl/disc of 0, 250, S00 and 1000 pg/ml.
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Apium. graveolens (dried fruits) against C. albicans. The extract
concentrations were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.

Figure
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Figure

Apium graveolens (dried fruits) against S. cerevisiae. The extract
concentrations were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.
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F. vulgare (dried fruits) against S. aureus. The extract concentrations
were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.

Figur
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siamicum (dried fruits) against B. subtilis. The extract
concentrations were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.
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H. siamicum (dried fruits) against S. aureus. The extract
concentrations were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.
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Figure 33

H. siamicum (dried fruits) against C. albicans. The extract
concentrations were 10 pl/disc of 0, 250, S00 and 1000 pg/ml.
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siamicum (dried fruits) against S. cerevisiae. The extract
concentrations were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.
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P. crispum (dried fruit) against S. aureus. The extract concentrations
were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.



89

AUEINENINEINS

ree N 1ANTI U HUATINIER

P. anisum (dried fruit) against S. aureus. The extract concentrations
were 10 pl/disc of 0, 250, 500 and 1000 pg/ml.
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