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CHAPTER |

INTRODUCTION

Epilepsy is a common nes 4 sgrder associated with the alteration in

psychological, emotional

éﬂ Treatment with conventional
_ﬂ

antiepileptic drugs (AFg pentin, phenyltoin, valproate
and zonisamide, Were®asc 1A c related and chronic toxicity.
Therefore, phytomedicirgfc, A \ \“». rtant role in the development
of new antiepileptic aruc |

Natural products Ao contributed significantly in
discovery of ADEs with n(J#I afety and efficacy profiles. Now,

various phytochemical and it A-f ies have been carried out on these

anticonvulsant plan ,; - ;'*‘ and medical practitioners

in the industrialized § orld Ve — med| es as a supplement to as

orael) i iﬁﬂ”ﬁiﬁfﬂﬁ’? 1 R
FRTNGN IO HNTIN YA oo

(Umbellﬂarae) and widely distributed in Asia such as China, India, Indonesia and
Thailand. This plant continues to be used as crude medicinal herb within the
framework of folk medicine as an effective remedy. It has been used for treatment of
skin disease (2), inflammation (2), mental illness (3). The substances found in CA

were triterpenoid glycosides (such as asiaticoside, madecassoside, brahmoside,



brahminoside) (4), triterpenes (such as asiatic acid, madecassic acid, madasiatic acid)
(4), flavonoids (such as rutin, kaempferol, quercetin, myricetin and apigenin) (5) and
polyacetylenes (such as 2,9-pentadecadiene-4,6-diyn-1-ol acetate, pentadeca-1,9-
diene-4,6-diyne-3,8-diol,8-monoacetate,pentadeca-1,9-diene-4,6-diyne-3,8-diol

2/3%3.10-diol,

,diacetate, pentadeca-1,8-diene-4,6-d 10-monoacetate and pentadeca

(1,8)-diene-4,5-diyne-3,10-di A\ nstances of CA were proposed to be

- WhE I —— atiCOSide (AS), madecassoside

the triterpenoids the CON G
(MS), asiatic acid (AA) 3
In 2005, Anu:

CA’s ethyl acetate ex v |s '

@;

chlorophyll, AA, MA ottea _ Wever, identification, isolation
and quantification of thes % 'U% has never been reported.
Sy
The purpose of thls re ‘i 0 develop the method of extraction,

F A
identification and i '

k
L =

) fartive principle in CA. To

LY
isolate and identify y' - 4 ' qmn chromatography were

used to fractionate the m‘qtrlx base on the polarlty baS|s each fractions collected were

tested for antﬂ uﬁ’a %tﬂ%jgﬂ@’}tﬂaz le (PTZ) model. The

active fraction Was then subjectedgto further pygification to ohkggin pure substance
wtien sl JAANLE L &5 L ok V1A 6

The extraction techniques have been widely investigated. The traditional
extraction methods, such as reflux and soxhlet, have been used in many studies. This

method is time-consuming and required relatively large quantities of solvents. The



other method, such as ultrasonic-assisted extraction (UAE), was a fast and efficient
method for extracting chemical constituents from plant matrices (11).

To quatify the anticonvulsant active principle, an appropriate analytical
method which can simultaneously, detect those analyte must be developed. The

chromatographic method is usually @3lied to quantitation of the analyte in the

complex matrix of natural ex hmatographic (TLC) method is also

popular due to the simp me stribution and variation of the

anticonvulsant active rz acions, collected from various

locations will be monr, , | =d | ™l f the active principle in the
CA extract will also ” |
and its extract.

For this TLC andy: §§ -. I ._‘;' ¢ fmophoric functionality of the

L : f’:ﬁ-‘l (4.4 -
bioactive analyte structure, a . ° acid spray reagent was then used to
HeMIA

develop for colorini®yi Tie TLC-densitometry was

-
-
%,

selected, developea ' ' Iines (2005). Finally the

developed method wit })e applied to analyze the mterestlng compounds in plant

samples ﬂﬂﬂ')ﬂ&lﬂﬁwmﬂﬁ
ammmmummmaﬂ



CHAPTER I

LITERATURE REVIEW

Centella asiatica LS., thé 2s Hydrocotyle asiatica (L.) is

known as Bua-bok, G atifl Paae dian Pennywort, Indian Water

A

Navelwort, Mandukpaii’ 4 \\"E ¢ in the family Apiaceae or

Umbelliferae that four limates of Africa, North and

South America and ri Lanka, India, and China

(12-14).

-

RIHININYRLANLAY

2.1. Botanical description

A slender trailing herb, stems long, prostrate, emerging from the leaf-axils of

a vertical rootstock, filiform, often reddish, with long internodes and rooting at the



nodes; leaves thin, long-petioled, several from the rootstock and 1-3 from each node
of the stems, 1.3-6.3 cm diameter, orbicular reniform, more or less cupped, entire,
crenate or lobulate, glabrous; petioles very variable in length, 7.5-15 cm long or more,

channelled; stipules short, adnate to the petioles forming a sheathing base (7-9).

2.2.Chemical constitu

2.2.1 Triterpenag

madecassic acid, and n#4d: bt riterpene ester glycosides are

asiaticoside, asiaticoside madecassoside, brahmoside and

brahminoside. (4,9:%- i 1f1y triterpene are shown in

Table 2.1. e

-
1))

¥

AULINENINYINT
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Table 2.1 Chemical structure of major triterpenes from Centella asiatica

Hs

anlll o

Compounds

\ Fdrmular Molecular Weigh

Asiatic acid H | C;3oHy4505 488

Madecassic acid C30H4gO6 504
Madasiatic acid L3 A meX 488
Asiaticoside | glu-git-tnam | OH | @AH7509 958

Madecassosidﬂ

m};lﬂiml‘rﬁ?

Brahmoside @

rham- glu -arab C47H780 19 946

TN RN Y ™




2.2.2 Essential oil

The aerial parts of CA contain 0.1% of essential oil which composes of 80%
sesquiterpenoids such as B-caryophyllene, o-humulene and germacrene-D, elemene

and bicycloelemene, trans-farnesens, (§

Stigmastercs=:

2 Y EINENTNYINT
AAAAATUNNAG ARG E- s

Amino acids mostly found in the root are aspartate, glutamate, serine, threonine,

alanine, lysine, histidine and amino butylate (7, 20).



2.3 Medicinal and pharmacological activities

2.3.1 Central Nervous system

The ethyl acetate extract of GG §EACA) was given orally to mice one hour

prior to the injection of pen . The isobolographic analysis, the
principle method applices - #1d1 ==————nature of drug interactions was

used to analyze the intez anventional antiepileptic drugs

w,

(phenyltoin, valproate aice.

alone, the medium effective
dose of phenyltoin, val 1 -5 i \ to be 13, 104 and 310 mg/kg
body weigh, respectivel : alues in the presence of EACA
were 5, 29 and 79 mg/kg bo = : isobolographic analysis, the results

obtained indicated | a% tions test. In relation to

-
-
%,

neurotoxicity, comb:® s ' ®onstrated a broader margin
between the effective aose and the neurotox1c dose whue the other two combinations

did not. Only ﬂ% E} ’Jm‘wyﬂ%q @Wﬁ’;}fﬂ “Tpnticonvulsant activity

or protect the mlce against PTZ-i#duced convydgion in a dosggdependent manner
exhlbl‘%m aﬁﬁﬁﬁmu Mrll’lhn El ’lﬁi Elltlme of 1 hour.
The TDsy of EACA was found to be 415 mg/kg body weight (10).

The alcoholic extract and alkali extract of CA, were compared to the extract of
the other plants, with the test in leptazole-induced seizure (LIS) model and

strychnine-induced seizures (SIS) model respectively. The outcome showed inactive



for antiepilepsy but was sedative effect in alcoholic extraction (1). CNS depressant
activity of CA has been reported and was attributed to the glucosidal saponin;
brahmosides (24).

A water extract of CA (300 mg/kg body weight orally in rat) was used in the

PTZ-kindled seizures model and resigtg ghowed improvement in the learning deficit

induced by PTZ kinding as eased seizure score and increased
latencies in passive avois — ' Hossmm dose of CA (100 mg/kg body
weight) showed improyg : 7 ; icit due to the kindling and
improving the seizure .

The water ex ssychotic effect. The mices
were feed orally with L 700 and 1000 mg/kg body
weight) for 15 days % for psychotic on intellecual

performance leaning and memu fle tested in radial arm maze to assess

the learning and njc¥g P il c'i orally with 200 mg/kg

=
body weight of CA “ day 30 post partum and

psychotic effect was evaluated on the 31St day and 6 months postpartum. The

behavioral (oﬂ t@ﬁ%ﬂ %\shw Ha’r'c] mdlal arm maze test),

biochemical (acetylcholmesterase ¢activity) apd, histological g gtudies (dendritic
aborlzﬂ)m;lalﬁﬂ imuﬁf]gm Ealnr]yauﬂdult mice was
31gn1ﬁcantly improved in radial arm maze and hole board test, but locomotors activity
did not show any change compared to control. Treatment resulted in increased
acetylcholinesterase activity in the hippocampus. Dendritic arbonization of

hippocampal CA3 neurons was also increased in terms of 6 months. Results of this



10

investigated how that CA extract can influence the neuronal morphology and promote
the higher brain function of mice (3).
The aqueous, methanolic and chloroform extract of CA were investigated for

their effect on cognitive functions in rats. Animals were used to study the effect on

learning and memory by using shuttlegheg, step through, step down and elevated plus

maze paradigms. Only the aar / /Je plant (200 mg/kg body weight for
14 days) showed an imp: — e ,1in;"$)ry in both shuttle box and step
through paradigms of le ‘ N
with aqueous extract ) 73 ) | SNy weight doses in different
paradigms of learnir » Wlcous extract increased the
number of avoidances | step through latency in step
through apparatus in a #0; T > only two dose 200 and 300

F i -
mg/kg body weight of extract s it increase in the step down latency in

b
step down apparat].S¥ax P £} maze. Among doses of

: x ‘
aqueous extract testu . ¥ 200 and 300 mg/kg body
weight showed a 51gn1ﬁcant decrease in the brain level of malondialdehyde with

Slmultaneouslﬁr%%}’} Hs E]hﬂejl Wt} Fhore was a significant

increase in the evel of catalase a¥the 300 mgkg body weighg but no significant
changﬁma)ﬁﬁﬂjm un'lgm lgjp’lﬁ Ealimgs indicated
that the aqueous extract of CA has cognitive enhancing effect and on antioxidant
mechanism is involved (23).

A standardized extract of CA, was test to 28 healthy elderly volunteers in

randomized, placebo-controlled and double-blind study, investigated the effect on
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cognitive function. The volunteers received the plant extract at a various dose ranging
250, 500 and 750 mg once daily for 2 months. Cognitive performance was assessed
using the computerized test battery and event-related potential whereas mood was
assessed using Bond-Lader visual analogue scales prior to the trial and after single, 1
24 ks, showed that the high dose of the plant

ﬂ component amplitude of event-
A

e also found following the CA

and 2 months after treatment. The
extract enhanced working n
related potential. Improv

treatment (25).

A wound is a di t is typically associated with a

loss of substance. The wound h& generally independent of the form of

'r O\three overlapping phases

Y

(inflammatory phas . —we).

injury. It is conver 1%y

The titrated extrgct of CA (TECA) contains a51at1c acid, madecassic acid,

asiaticoside aﬂ %ﬁ ’gdﬂsﬂ% ﬁ wcﬁﬁyﬂ ﬁ of these compounds

stimulated the productlon of humangcollagen I, gegrotein involvegn wound healing.
StlmulQOWff]oa g ﬂnimnu ur] fg mﬂn’.l(a'ﬂcultures by an
extract from CA has also been reported. Asiaticosides accelerated the healing
epidermis of superficial postourgical wounds and ulcers by accelerating cicatrical
action. Asiaticoside stimulates the epidermis by activating the cells of the Malpighian

layer in porcine skin and by keratinization in vitro. Topical applications of
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asiaticoside promoted wound healing in rats and significantly increase the tensile
strength of newly formed skin. Extracts of CA, and in particular its major triterpene
ester glycoside, asiaticoside, are valuable in the treatment of hypertrophic scars and
keloids. Asiaticoside has been reported to decrease fibrosis in wounds, thus

preventing new scar formation. The 'ggcganism of action appears to be two fold; by

, polysaccharides and by inhibiting

Shislcarmmmmmmm's. It has further been proposed

increasing the synthesis of coj
the inflammation phase wm

that asiaticoside interf ' "o increasing the activity of

L or 2% powder accelerated
healing of wounds. A#F0 : e A\ T Iside as the main ingredient
unt along that was resistant to

usual treatment. In an open c11n fient of 20 patients with soiled wounds

-"" .-' . ,_ '
and chronic or rec/i®¥y )

s -
el

)

healed 64% and pr - g “ * the lesions studied. Local

1

upn containing 89.5% CA

application of an extract of the drug to second- and tmrd degree burns expedited

s e AU HANERHINHARD

Twenty%)vo patients with @hronic infecfagd skin ulcers ggre treated with a
creamq mfl a%qafl\ﬁomutm ?ﬂvg(nua’tlﬁ Bof the patients
were completely healed and the ulcer size in the remaining 5 patients was decreased.
Another trial using the same cream preparation demonstrated similar results. A

standardized extract of CA was reported to treat ulcer cruris (indolent leg ulcer)
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effectively in clinical trials. In double-blind study, no significant effect on healing was

observed in patients with ulcer cruris after oral treatment with asiaticoside (9).

2.3.3 Antitumor activity

Asiatic acid (AA) fori /4 ed viability and induced apoptosis

in human melanoma SKes s dose- dependent manner. AA

N

also markedly increased _ mosnecies level and enhanced the

expression of Bax b In addition, AA-induced

activation of caspasc Smanner. Pretreatment with

Trolox, an antioxidant W on of Bax and activation of

caspase-3 in AA-treatec ‘ D-CHO, a specific caspase-3

inhibitor, and Trolex prevented o > apoptosis (27).

f f azoxymethane (AOM)-

-
-
LY

. \ - ! . .
induced aberrant Cr¥= =wlor genesis in rat were

investigated. Slgnlﬁeantlé/ decreased the number of larger ACEF in the large intestine

o v s o LRI PRI TV PRI v o s

compared with%at in the AOM-trdated group. Zhe extract at agdose of 100 mg/kg
body vaigwgarﬁymcﬁmeuumag)maag\a tﬂ small intestine

(p<0.05) (28).

Effects of L
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2.3.4 Anti-gastric ulcers activity

The anti-gastric ulcers activity of water extract of CA, containing asiaticoside
(AS) as a major component (about 4% w/w assay by HPLC) was studied. The healing

effect on acetic acid induced gastric ggrs was compared with asiaticoside in rats.

Different concentrations of ( 1ly administered to rat with ulcers.

The size of the ulcers w 7 3 and 7 in a dose-dependent,
with a concomitant attex ativity at the ulcer tissues. The
expression of basic fi! angiogenic factor, was also
»aXSQ%~

For ethanol ind #fc: WA o of CA was used to test effect
to prevent this symptorn' . o ._' *.ri Y 5 V’CA (0.05 g/kg, 0.25 g/kg and
0.5 g/kg body weight) bebre — tration significantly inhibited gastric

lesions formation (L4 ' 7 sf mucosal mycloperoxidase

- -
- -
| %,

(MPO) activity in V ' ®<d ethanol induced gastric

mucosal lesions by s e.lggthenmg the mucosal barrier and reducing the damaging

et offfeﬂu@? ¥ EW]? NBIN3
qmmmmummma d

Extract of CA in various solvents were used to test the antioxidative effect in
many experiment. Lipid peroxidation was monitored by measuring the

malondildehyde (MDA) level in blood. Activities of free radical-scavenging enzymes
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were determined using H,O, decomposition and nitrobluetetrazolium reduction,
respectively. Results shown that CA extract, powder, and a-tocopherol lowered MDA
level than did the other rats (31).

Crude methanol extract of CA oral treatment for 14 days significantly
increased the antioxidant enzymes,

glutathione peroxidase (GSHI , é

The phenolic ce in Sot, == pctiole of CA extracts were

"ip psuperoxide dismutase (SOD), catalase and

evaluated, compared wit. : : » erol) and synthetic antioxidant
(butylated hydroxytol: . hee: ; “‘ at both leaf and root of CA
' - | Wt of a-tocopherol. The total
phenolic content varie ##f : ‘ 3.4 \ % ) sample, and showed strong
association (r’=0.90) witha.
o CA (leaves, petioles and roots) using

The various extracts of

three type of soly: ¥ cpm), were evaluated for

..
el

)

antioxidative activity . A and the thiobarbituric acid

test. The ethanol extract .gf all part of CA exhlblted 51gn1ﬁcantly higher antioxidative

activity than ﬂfﬁﬁ} ’}1% By %ﬁ W Jef)Tywed negative activity.

Both the ethanol and water extrgct increasedethe activity, wghen increased the
conserByil o S} S SLA LS VLEIILELE s o
3000 ppm, the antioxidative activity was not significantly different (p<<0.05) from that
of a-tocopherol. Roots extract showed highest activity of all parts tested. The
antioxidative activities of the ethanol extracts were found to be stable up to 50°C and

exhibited optimum activity at neutral pH (34).
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2.3.6 Immunological activity

The pectin extract from CA and its degradation product showed
immunostimulating activity to different extent in vitro. The results indicated that the
carboxyl and acetyl groups were impg g jt,roles in the expression of immunological

/n CA, was S3A. S3A had no
A

wsostimulating activities (36). In

activity (35). The other
immunological activity, =

Vivo tests, a water-soluk +2N) from CA, had remarkable

immunoenhancing act, increased spleen index and

inhibited the level of OW xidation. Smith degradation

NN (37).

and enzyme-treatment 4

The methanol e W, of AS) in five difference

concentration levels (dose-res % p) ranging from 100 to 500 mg/kg

body weight were >4 & i /ity using carbon clearance,

-
-
i

antibody titer and V: . - ' =it parameters. Significant

increase in the phagocyt .g index and total Whlte blood cell counts were observed and

the P race °fﬁp%%i’3%&l%§ WEIN
QW?ﬁﬁﬂﬁﬂmﬂﬂmﬂﬂﬂ
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2.4 Applications

2.4.1 Parts used

The leaves angfie : ) SN (0 freat a variety of illness,
\ , CA has been used to treat

syphilis, hepatitis, ston lceg m fat H\,I ‘ epilepsy, diarrhea, fever and

rr.r'

f!F' ."

N

asthma. Today, American and” ists use CA for disorders that cause

connective tissue s f qrthritis(arthritis occurring

-
e
Y

in conjunction with®g 229). Recent studies confirm
|
h |

Sy

some of the traditional uses and also suggest possible new application for CA, such as

lowering hlghﬂbwpgsﬁ}v*ﬂ%ﬁuwmnﬁoohng of blood in the

veins, usually 1n the legs, boosting memory ap4, intelligence),ggasing anxiety and

el LN ESTU HATINYTRE
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2.5 Overview of the techniques of extraction of analytes from plant material.

Extraction and product recovery are the most imperative steps in the
evaluation of target molecules from various plant parts. In the last decade there has
~i-gction techniques, amenable to automation,

/r of organic solvent consuming-

preventing pollution in — abdhito; s Juction of sample preparation

been an increasing demand for new

with shortening extraction

costs.

Conventional Wl<hlet extraction, which have

been used for many nd require relatively large

quantities of solvents. and the main reference for

evaluating the performa#Ce & oth ’_‘;' A huid N (¥tion methods. This extraction
, et < %

method is a general and well-¢ i

WA T

fique, which surpasses in performance

other conventional |-

ifuf field of applications, the
A J

extraction of thermor® :

¥

Advanced tecnnéques in sample preparatlon such as ultrasonic-assisted

extraction (Uﬁ)qu’o’J w H’% % w H@ﬂ@d supercritical fluid

extraction (SFI%l have been develaped to applyain plant extraqfien. The similarity

betweegqtlm't]caqﬁ;nlﬁemsuinﬂvgkm Ejeaﬁi ﬂnperatures and

pressures, which drastically improves the speed of the extraction process (41).
Recently, there have been several reports on the application of ultrasonic

methods in the extraction of various phytochemicals. This method required shorter
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extraction time, less solvents, higher extraction rate and better products with lower

costs than other conventional extraction methods.

2.5.1 Ultrasonic-assisted extraction (UAE)

2.5.1.1 Basicr

s are the source of energy
y the sample matrix. The
trasound appears at certain
“ ; he most important phenomena
taking place in the ac vitations (generation and collapse of
mostly emp(Vig . fuy interfacial surfaces, and
increase in t' - - ‘ J

As ultrasound passes through a 11qu1d the expansion cycles exert

e @O BRIV B o o o st

If the ultrasound intensity i¢ sufficient epqugh for the expansion cycle, then
a m']'ﬁ ﬁfn]li mu qudmtﬂ flt@ v&ln the negative
pressure exceeds the local tensile strength of the liquid, which varies with the
type and purity of the liquid. Once formed, these bubbles will absorb the
energy from the sound waves and grow during the expansion cycles and

recompress during the compression cycles. The increase in pressure and
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temperature caused by the compression leads to the collapse of the bubbles,
which causes shock wave that passes through the solvent, enhancing the mass
transfer within the system (40-42).

The average time of ultrasonic extraction typically ranges from a few

to 30 min, although it can _tg g long as 70 min. The recoveries obtained

during this time are c¢ btained after a dozen or so hours of
soxhlet extractic — . s temperature. The extraction
conditions can h e, polarity and amount of
solvent, and tk % vantage of this technique is
e in an ultrasonic bath. The
extraction is cogfc ff . A\ vich makes it suitable for the

extraction of the# feye i n&d for separation of the extract

g ,
from the sample followrt "l 1s a disadvantage of this technique.

A UH NN TN WG s v o

ultrasonlcally assisted extraogion of differggt vegetal mategggls. One of the first
a m"lﬁﬂ Q imcum 1?9% EJ fllﬁdﬂ hop extraction
in an aqueous medium and showed that ultrasonic extraction was comparable
with the boiling extraction process. Several references concerning

ultrasonically assisted extraction are summarized in Table 2.2 as followed:



Table 2.2 Isolation of substances using ultrasonic-assisted extraction

21

Analyte Sample matrix Time | % Recovery | References
(min)

Antraquinones | Morinda citrifolia’s roots 60 95.7240.53 42
Rutin Euonymus alatus 99.5 43
| 44

Qurcetin 100.3 43
Saikosaponin 45
Oil 33.8 46
47

Antioxidant 48
Isoflavones 80-90 49
Ginsenosides 50

Examp

¥

leg gsubstances iscﬂ':l;ed by UAE along with extraction time

and o} Sk HLEIH FoW RS Forven e poner
U |
: \ ' .
i "be e ced ‘the €xtraction, it i 0 ivgi:h a: igh frequency

ultrasound is employed, the extraction yield did not increase significantly.

It is obvious that reducing the size of vegetal material particles will

increase the number of cells directly exposed to extraction by solvent and thus

exposed to ultrasonically induced cavitations. This effect can be utilized by



22

milling the material before extraction. It should be borne in mind however that
powerful sonication cab itself serve to mill the vegetal material.
In laboratory scale, ultrasonic-assisted extraction can be easily

performed by using the simple ultrasonic cleaning bath as shown in Figure 2.1

Figure 2.2, o an ultrasonic bath (51)
Pathom son#o 151 ' : M t0 extract AS, MA, AA and MA

from CA sample apded2s at of analytes by high-performance

liquid chror, ;f = ~:' as compared with soxhlet

extraction mekihd , showcT™IoITESLE the andl] mt of active principle and

e ﬁmw Tulib)
ammnmummmaﬂ
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2.6 Overview of the analytical method for determination of active compounds

in CA

There are several methods for qualitative and quantitative
gguents of CA. Titrimetric method was

/t iterpene acids (AA, MA) and

mswhic (TLC) method and HPLC

determination of active cc

conventionally used
glycosides (AS, =

method were A, AS and MS. Bungon

Nliable analytical method for
W f CA by TLC-densitometer
or determine anticonvulsant
principle in CA it

TLC is a 51mp1 fical method. It was used qualitatively

AT

i xi- ¥4
and quantifatyg ‘

it fTiptric scanner for analyte

- — - ]
| %,

ingredient i . L ' s from plant (54-57).

Spraymg ‘;eagent can be used to spray some compound which do not

- FUH BTN o e

ster01ds ile acid, bile acid gonjugates, lipids, phospholipgds, fatty acids, fatty
%w:la ﬁeﬂrgmdu mllqrmlﬂ fl'ﬁ/ﬂ prostaglandins
and components of essential oils. The reagent solution was prepared by
dissolved 2-20 g of phosphomolybdic acid in 100 ml of ethanol. The solution
is stable for only 10 days even in dark. The TLC plate, when spray with the

reagent solution, was heated to 120°C for 20 min in the oven (58). The color
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reaction of phosphomolybdic acid and the organic substances is shown in
chemical reaction belowed. A large number of organic substance can be
oxidized with phosphomolybdic acid, whereby a portion of the Mo(VI) is
reduced to Mo(IV), which forms blue-gray mixed oxides with the remaining

Mo(VI) (58).

Preserdf, 4 , ‘ ing with phosphomolybdic
acid as spray 4 Ty \ Wooice for analysis of active

principle in pl & Irena Vork (59) determined

F v
glycoalkaloids from po “and a-chaconine) using chloroform-

- ﬁ;d:r- i :-'

it e

methanol-2{o%g o ipping phase. Six different

— — -
d

detection re yf_: . P = pnomolybdic acid reagent,
paraformaldehydg -phosphoric acid, Ce (Iv) sull ate sulfuric acid and sulfuric

s U T WA smsornry

compareqcl the results formetach sprayiga, reagents. In gys study modified
FHAANLL UV ANELNBEL e v

fluorescence densitometer.



CHAPTER Il

MATERIALS AND METHODS

Materials

1.3
1.4  Filter paper.

1.5 Glacial acetic agiZ7ie
1.6  Hex&=

v
1.7 Isopro;l i a

1.8 Methanol#AR, grade (Lab scgp)

19 Q WA Mﬂnim’]@img)
VRTH NikIvr v imes IRGE

Sodium Hydroxide (E. Merck)
1.12  Sulfuric acid concentrate (Lab scan)

1.13  TLC plate silica gel 60 F254 (E. Merck)
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2. Instruments
2.1  Hot air oven (OMRON)
2.2 Electric mill (Retsch Muhle)
2.3 Rotary evaporator (BUCHI)
24 pHmeter (Metrohm 749y

2.5  Ultrasonic bath | )X digital 10P)

2.6  Centrifuge

2.7  Densitom=a:
3. Extraction, isolat, “aiconvulsant principle from

CA

mconvulsant agent is shown
in Scheme 3. 1 l}le whole dried ground plant of Centella asiatica (L.) Urban

e UL FRUNTNEAR G b e

then ﬁltered The residue o#CA was maggrated again wigly ethyl acetate and
% Wl'tlﬁ 'ﬁafﬁ]tﬁ m u m ::tl% m-rEJa’lﬁ Hated to dryness
under reduced pressure. This fraction was test for the anticonvulsant activity
by using PTZ model (673 mg/kg body weight). The active fraction was
partition with benzene and methanol. The benzene fraction had anticonvulsant

activity in the same model test (30 mg/kg body weight).
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A 50 mg of dried benzene fraction was chromatographed over silica
gel column and eluted with mixture of hexane-ethyl acetate with increasing
polarity to separate pure compound. To identify and isolate the target
compound was test for anticonvulsant activity using PTZ model in each
f the pure principle having anticonvulsant

/ terized by Infrared Spectroscopic

method (IR), Ne M Re == MR) and Mass Spectroscopy

fraction. The chemical structics

activity (1 mg/kg boc

AULINENINYINT
IR TN ININY



A 100 g ground dried plant

Maceration with hexane

Filtration

|
! '
Filtrate

Residue

ﬂon with ethyl acetate

ation
Residue
)
PTZ model test 4
Active fraction I -1
i j
PTZ model test  [¢ Benzziibdi 2. ethanol Layer (60 mg)

Active fraction

A

action 5 Fraction 6

AU
AN TUARTINGAE

Active principle (7 mg)

PTZ model test

Scheme 3.1 Extraction and isolation scheme for anticonvulsant principle from CA

28
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Scheme 3.2 is the diagram of modified method of extraction and
isolation of active principle of anticonvulsant. The whole dried ground plant
of CA (100 g) was refluxed with ten liters of hexane-ethyl acetate (8:2) for
two hours and then filtered. The filtrate was concentrated to dryness under
d with isopropyl alcohol. The isopropyl

ﬂn for 10 min to separate solution

me/ith 1 N 90% methanol sodium

reduced pressure and then dgp

alcohol fraction was ¢
from precipitate.
hydroxide for 60 7N & } maas partitioned with hexane and
the hexane ft- ields about 120 mg). The
hexane fraction.

active princip!

A 120 4 matographed over silica gel

th e _; A of A 1e-ethyl acetate by increasing

.,‘

column and elut

polarity to separate pu Fole (yields about 48 mg). The target

compound (w! il compared with active

f
{7 o
principle of j_ = g Te 3.1.

Repeatmg the procedure in Scheme 3. 2 Ior 15 times yield the active

pnnmﬂ wﬁ@%%}%@w yo'}ldﬁe mple and dissolved in

acetomtrl e, filtered the insolible particle ggd evaporated fgudryness.

ARIRNNTIUANTINGIAE



A100g grouni dried plant of CA

Refluxed with ethyl acetate for 2 h

'

Filtration

v

Filtrate

'

Residue

\ anol NaOH for 1 h.

ahexane
A ) ]
..‘,‘ 1 ...

Lllexane layCi (12vu g .4 Aqueous layer

ﬂuﬂqmé%swawnﬁ

Column chromatography

awmmfﬁummmaﬂ

30

Scheme 3.2 Modified method of extraction and isolation scheme for anticonvulsant

principle from CA
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3.2 ldentification of anticonvulsant principle
3.2.1 Anticonvulsant activity against PTZ model test

The PTZ seizigg gvere elicited by a subcutaneous injection of

i
ﬁ animals. The end point of this

e ic seizure with loss of righting

considered to possess
S clonic seizure with loss of

of 60 min after injection of

of test substance against PTZ was
perfl g i . 41 the oral (given by gavage

tube) ==, " L ==%. One set of animals was

i

Sy

dividea 1}1t0 various groups of 6-7 mlce each; two groups (normal

AU FNHRTHYAR G oo

¢ PTZ test was pegformed afterge optimal pretggated time was due.
A WARNDLA LAY NN ELARL) o

Faculty of Pharmaceutical sciences, Chulalongkorn University.
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3.2.2 Chromatographic method
3.2.2.1 TLC method

d compounds and ethyl acetate crude

ﬁethyl acetate. The solution was

s vhich was then developed in

~ wthat, the Ry value of each

0% sulfuric acid in methanol.

. sulfuric acid was dissolved in

d

| tatlonary phase sﬂlca gel plate GF2s4 10 x 10 cm

ﬂﬂ%’&%&l%iw BN

Systemd 1) Ethyl acgigt
q W'W ANNIAIAIINLNAY
System 3) Hexane-Ethyl acetate-acetic acid (14:6:1)
The developed TLC-plate was sprayed with 10%
sulfuric in methanol and heated at 120 °C for 20 min before

detecting the compounds.
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3.2.3.2 Gas chromatographic-Mass spectroscopy

(GC-MS)

A 2 mg of each isolated active principle was

methylation by gid in dry methanol. The fatty acid methyl

/ itane. The solution was injected to

sspared the retention time and

% x 0.32 mm x 0.5um)
Detector - "\ 50-50 amu)

Injector ten,

Mode

Cari ;, = !;,"'.{

Oven 11} ‘ 1p progiai

ALY uf ﬁﬁlmh iﬁi:f?ifif;in

QW']R\‘Iﬂ‘iflJ‘SW‘”r‘JVIEﬂﬂEJ
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3.2.3 Spectroscopic methods
3.2.3.1 Infrared Spectroscopic method (IR)
ly 2 or 3 mg of each isolated active

ﬁrounded with about 15 mg of

s nide (KBr). The solid mixture

we-Br disc and scanned with IR

nce (NMR)

wive compounds was weighed about 10

“iyloroform in a NMR tube.

-
-
%,

. ' "R spectrospin.

AU 8} FRER T IR vt

ac1d nature, whichf was suppqated by H-N and "“C-NMR
AWAANN-I Al ‘L(Jaﬂf'kﬁyﬂe prton 1o
carboxyl group was found as triplet at 2.35 ppm while those proton f3
to carboxyl was found as multiplet at 1.65 ppm. The terminal methyl
proton was found as triplet at 0.88 ppm. For >’C-NMR spectrum of the

isolated VLFAs showed in the upfield region (0-40 ppm) indicated the
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aliphartic carbon. The carbonyl carbon appears at chemical ship about
179 ppm, shown in Figure 4.4, 4.5, 4.6, 4.7, 4.8 and 4.9.

The composition of the isolated saturated fatty acids and theirs
methyl ester derivative were analyzed by GC-MS technique. The

mixture of very long-chain fatty acid

/1 that have octacosanoic acid (Cpg)

chromatogram indica‘g g

(VLFAs) con

and hexem ids# s 2jOr component, as shown in

ic densitometric analytical

NcMnethod)

-
-
i

X :
"= =ud the developing phase of
hexane- eJ1yl acetate- gla01a1 acetic ac1a (14:6:1) was used in this

ﬂ“u o x %WHW?\AW $H53F 3% phosphomotybuic

a01d in methanol and20% sulfurigsgcid in methangland heat at 120 °C
Q WAAND . mum'm Bl AL o 550 om
every 5 min interval. Plot the degree of reflection versus time to

determine the optimum time to develop stable color.
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3.3.2 Internal standard

Several criteria were purposed in finding the suitable internal
standard as following; stable compound, no interaction with an

analyte, detected phosphomolybdic acid spray reagent,

ﬂnt in the matrix sample. The
_;-d

w1 process of finding internal

resolved fron

standard: ' s 20l, hydroquinone, resorcinol,
assium glycyrhezinate, and

propy. ¥ o : \ optimum resolution in the

3.3.3 DensitQaaziz/s 24

0
- ..

Sy

can mode Llnear

ﬂummwmmm
QW’]NTTWMW’?WEJ’IM

Wavelength 550 nm.

The developed plate was sprayed with 3% phosphomolybdic
acid in methanol and heated at 120 °C for 20 min. The plate was kept
at room temperature for 10 min before determining the absorbance of

VLFAs with densitometer at the wavelength of 550 nm.



37

3.4 Method validation

3.4.1 Validation of TLC-densitometric analytical method

sitometric analytical method was

validate , _ c/ - line on following parameters;

“\dard solution

oliition
,i ‘ VLFAs and dissolved in

| v i¥
ethyl acetate and adjusted the volume 10 50.0 ml as a stock standard

AuEGneNIngINs
IR TN ININY

Accurately weighed 100 mg of oleanolic acid and dissolved

in ethyl acetate and adjusted the volume to 100.0 ml. (1.0 mg/ml)
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3.4.1.2 Working standard solution

Seven working standard solutions (WS;, WS,, WSi3, WS4,

WSs, WSs and WS;) were prepared according to Table 3.1 and

adjusted volumg jith ethyl acetate.

Table 3.1 o/ T «ans for method validation

Items
WSs WS WS,
Stock standard 5.0 6.0 70
VLFAs solution (ml)

) 100 | 100 | 100

Concentration of 33 3.8

VLFAs workmgﬂ

solution (mg/ml)

UE'
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3.4.2 Standard calibration curve

Three replications of calibrated standard solutions (CS;, CS,,

CS3, CS4, CSs, CS¢ and CS7) were applied to the TLC-densitometric

analytical sys g cd standard solutions were prepared

Z standard solutions (WS;, WS,,

' caudded stock internal standard
ml with ethyl acetate, as
showr 47 # W ['LC-densitometric analytical

systen 4 o : Ne was plotted between peak

area ra Jf o . D\ 85) versus the concentration of

ediation of the standard calibration

ST . o
PR afficient of determination (), and

B, o

q

VLFAs 0.06 0.11 0.16 0.22 0.28 0.33 0.38

IS 0.1 0.1 0.1 0.1 0.1 0.1 0.1




3.4.3 Preparation of sample solutions

3.4.3.1 Stock sample solutions

# ound plant of CA was refluxed with

—_arane-cthyl acetate (8:2) for 90

Swon was cooled down to room

wied the volume to 100.0 ml

o uf'

X

ns, sample solutions (SS;,
ed by pipetting 8.0 ml of

"* stock sample solution then adfled 1.0 ml of each working

AU F N HRTHEIIAG v v mi e

stock mtergal standard s Jution 1.0 ml, ﬁnal volume was

QW?GQH@WNWTJVIEH&IB

Another sample solution (without standard addition,

E¢) was prepared by pipetting 8.0 ml of stock sample

solution and added 1.0 ml of internal stock standard solution

and adjusted volume to 10.0 ml with ethyl acetate.
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Table 3.3 Concentration of VLFAs spiked in sample solutions

Items Concentration of VLFAs spiked in sample solutions (mg/ml)
SSo SS, SS, SS; SS4 SSs
VLFAs 0 0.06 0.16 0.22 0.28

IS 0.1

0.1 0.1

pievsolution (E(), E], Ez, E3, E4
envitometric analytical system
\ bciow equation.

Jhed in term of percent recovery

d
cajJpund/Actual added) x 100

a v ,
AL ANUNINYING
U ¢ a o
RN IUNAINYINY
9 ‘ ix replications of each sample solution (SSy, SS;, SS,, SS;,
SS4 and SSs) were applied 2 pl to TLC-densitometric analytical
system in the same days. The percent recoveries of each of sample

solution were calculated as repeatability precision (or intra-day

precision) by using the equation below.



42

Three replications of each sample solution (SS,, SS;, SS,,
SSi, SS4 and SSs) were applied 2 pl to TLC-densitometric system
for three days. The percent recoveries of each of sample solution in
three days were calculated as intermediate precision (or inter-day
precision) by using helpgv equation.

/)’mined in term of percent of

= relative standard deviation

L) recovery

Y

3.4.6 Specmcny

his TL@ densitomet&®s ana cgll:ét representative
Q wf] @t{njm y nf\]l’% Zlé!ec 11 peciﬁcity was
demonstrated by the hR¢ of the components which elute closest to

each other.
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The standard and sample solutions were applied 2 pl to
TLC-densitometric analytical system. The detecting spot of all
analytes in sample solution were compared with developing spot in
standard solution.

The specifigity gwas determined by spray reagent (20%
/‘ 3% phophomolybdic acid in

s ple solution overlap with the

sulfuric aci

O® evaluated by visual inspection

of a plot of 51 "tion of analyte concentration. If there

cpults were evaluated by

-5
-
W,

|

appriey = auon of a regression line by

the regéesswn analysis. Data from the regression line itself was

AUBINERTNEART i

The correlation cagfficient, y-ipfercept, slop ofgthe regression line
YRIANLL AU HIRLANEN A E
q
Each of sample solution (SSy, SSi, SS,, SS;, SS4 and SSs)
was applied to TLC-densitometric analytical system. The graph was
plotted between observed concentration and actuated concentration

and calculate coefficient of determination (r%) in term of linearity.
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The linearity was determined by a series of three spots of
five sample concentrations which were demonstrated as a graph
between observed concentrations by analytical found of standard
solution and actual concentrations by addition of standard solution.

ermined in term of interval concentration

X

ﬂ%ﬂ’mﬂﬂiw BN

Q W’] a Q ﬁ{ﬁiﬁﬁﬁlﬁg% (aﬂtri&dual sum of

S = the slop of the calibration curve
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3.4.9 Quantitation limit (QL)

Quantitation limit (QL) is generally determined by the
analysis of samples with known concentrations of analyte and by

level at which the analyte can be

/)racy (96-104%R) and precision

establishing the mig|

quantified ¥

.i II'.
N Tviation of a residual sum of
Fation curve

1y

Y]

-
i

‘ ¥

3.4.10 Bobustness

ﬂﬂﬂ’&'ﬂﬂﬂiﬂ&ﬂﬂ‘i

The evalugtion of robygipess should bgonsidered during
Q wf] a ﬁvnimlumr]dg mﬂ l]lﬁ )&l of procedure
under. It should show the reliability of an analysis with respect to

deliberate variations in method parameters.
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The robustness was susceptible to variation in analytical
conditions, these should be suitable controlled. The analytical
condition that used to test was variation of developing solution and
distance from the origin to the solvent front of the analyte. The

nt from the common condition.

variation was twent g

of VLFAs, that have
to prepare the test solution.

% a%d 1.0 ml of IS solution and

AL ' - 1 to TLC-densitometric

v-'. I" d
systqm 10 ;¢ sample solution under the

‘ o

amblenf °C and 4 °C dyr ng 1, 3, 5 and 7 days.

ﬂumwﬂmwmm
QW'WMﬂ?fNNWTmEﬂﬂEJ
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3.5 Applications

3.5.1 Comparative study of extraction methods

3.5.1.1 Heat ref's

plant of CA was refluxed with
Ssaaixture of hexane-ethyl acetate
W filtered, cooled and finally

m. The contents of VLFAs

exane-ethyl acetate (8:2) for 1, 5, 10,

acfcrtract was filtered, cooled

-
-
LY

" ' Muetry system. The contents

|
iy ¥

of VLFAs were determined.

AULINENTNYINT
3.5.1.2 Ultragonic-assisteghextraction (UAJE)

ARIRNNTIUANTINGIAE

For the UAE experiments, an ultrasonic bath was used

as an ultrasound source. The bath, Sonorex Digital 10P
(BANDELIN, GERMANY), was a rectangular container (300

x 240 x 200, mm), which produced HF-frequency at 35 kHz.
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The bath power rating was 205 W on the scale 0-100 %. The
extraction of CA was performed by adding a 10 g of dried
ground CA plant into 90 ml of the mixture of hexane-ethyl
acetate (8:2) in the flask. The flask was then partially

immersed into

the giltrasonic bath, which contained six liters of
the flask was kept at the level of

meith and regulated at constant

savater temperature rise, caused

0 ; of extract was carried out at
\ ud the ultrasonic bath power
4 * 0% and 100% of power. The
o d and finally applied to TLC-

densite. __,)J" A2 he contents of VLFAs were

Y

Iling ultrasound exposure has
i¥

“AS

afembeen investighod used. The solutions were sampling

AULANENINEINR. o
qrag TR Ty

cooled, added internal standard, adjusted the volume and then
applied to TLC-densitometry system. The contents of VLFAs

were calculated.
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3.5.2 Collection of plant sample and storage
3.5.2.1 Source of plant sample
CA se s, were collected from three locations in

ﬂ of Nakhon Pathom province

ms1i  province (source B) and

Ssqurce C)
% Institute of Scientific and
~1tivated the plant sample
\ ) Buri, Nakhon Si Thamarat,
lok m 2 at ’\\." I. a, Prachin Buri, Rayong, Trat

R

and Su

<

AU £] 3 RS AT v v

were collectdd every twoanonth during &pvember, 2005 to
CA samples collected from Ubon Ratchathani province
and Nakhon Si Thammarat province were collected every two

month from May, 2006 to March 2007 for annual study.
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Each CA samples were refrained from insecticide
around 1 week before harvesting and the plants were cuts

about 2 inches above the ground. At least 5 kg of fresh plant

were collected each collection.

Ssas cleaned with clean water to
k-, and then air dried at room
LY ently dried by hot air oven
plant samples were ground

:d ground plant samples were

AULINENINYINT
IR TN ININY



4.1 Extraction and isolation ofy

CHAPTER IV

RESULTS AND DISCUSSION

A 100 gof = —4 & | and isolated of the VLFAs as
mentioned in S ‘  : AN N S W/W).

A 100 S 2R N i and isolated of the VLFAs
working stanc# - ‘ 7. P\ N FAs was finally isolated by
column chrom#5g - \ % w/w) of VLFAs as off-
white waxy solid: | !

Finally, 5 kg of [ — A sample, obtained 500 mg of ground
dried plant. P

V.. \

-
i1

i o i¥

4.2 ldentification of the.JsoIated VLFAs

AULINENTNEINT
SRS IR TITIA &

body weight)
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4.2.2 Chromatographic method

The isolated VLFAs can be identified by both chromatographic

techniques and the spectrophotometric techniques.

the isolated VLFAs by the

" LFAs in system 1 (0.55), system 2

(0.23) 2y i cf tp the VLFASs standards, as
Y

V.
shown' &=,
-

i1

i o i¥

@ummﬂmwmm
QWWMﬂﬁNNWﬂVlEﬂﬂB

GC-MS method was performed to confirm the identified of the

isolated VLFAs by the system as mentioned in 3.2.3.2.
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The retention times and mass spectra of isolated VLFAs were
corresponded to the standard fatty acids, as shown in Figure 4.10. The

content of fatty acid in VLFAs was shown in Table 4.1, 4.2 and 4.3.

4.2.3 Spectrophotometri

sorption band in the IR
spectridl A d at 3520 cm™ for OH

T
stretching, 2918 cm” and 2849 cm” for*inethylene groups, that was

ﬂ%ﬁ@ﬂﬁ%ﬂ%ﬂ “309 em” for carbonyl

gr p, respectively. ¢

QW'WMﬂ?fNNWTJVIEﬂﬂB

4.2.3.2 Nuclear magnetic resonance spectrometry (NMR)

'H-NMR spectrum of VLFAs was shown in Figure 4.5, °C-
NMR spectrum shown in Figure 4.6 and DEPT spectrum shown in

Figure 4.7, respectively.
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For 'H-NMR spectrum (300 MHz) of the isolated VLFAs, was
shown the signal in 0.88 ppm (triplet, terminal methyl), 1.3-1.4 ppm
(singlet, large number of methylene protons in long chain), 1.65 ppm
(multiplet, methylene that 3 to carbonyl group) and 2.35 ppm (triplet,

methylene that a to carh g g hgroup)

//ﬁisolated VLFAs was shown in the

upfield regmmm— b 4] s, |iphartic carbon. The carbonyl

Sk rum (500 MHz) of VLFAS

pwn in Figure 4.8 and 4.9,

.4

rr.r'

f!F'

T

4.2.4 Determination 0 "1ty of VLFASs

Percent ' ~ v ' 5.77 when calculated by
1]

Sy ¥

comparing the piak area of the fat acid and other compounds from GC

secefl %@%V#Hﬂ 5 WBInN3

ammnmummmaﬂ
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4.3 Development of analytical methods

4.3.1 Development of Thin-layer chromatographic densitometric

analytical method (TLC-densitometric analytical method)

The 3% pho éwthanol was used as spray reagent.

Because of the ¢ S atogram was stable when kept

longer than 30 . _ Wi at 120 °C for 20 min. While
color intensit: 7 Bl A\ W furic acid in methanol was

unstable. Fig | Lo T Mth of the spot versus peak

TLC combined ws fi"" e was selected to determine VLFASs in

the CA plal o/ lacial acetic acid (14:6:1)
| y-l : 'l, d

as developing T eqpsented TLC spots and TLC

i 3¢ i¥

densitograms of $tan dard VLFAs, and sample of CA extract in the TLC-

oL %le’lm&ﬂ SHENS
QWWGQﬂ?WNWW’JVIB’]ﬂB
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Chromatographic condition

TLC plate : Silica plate, GF 254, 10 x 20 cm
Developing solvent Hexane-ethyl acetate-glacial acetic acid (14:6:1)
Detection : Spray with 3% phosphomolybdic acid in

ajanol, heat at 120 °C for 20 min and keep

/)ature for 10 min, Densitometer

' N1

Densitometer n
Photo mode
Scan mode

Set zero mode :
Beam size
Wavelengti )i
\Z 3

11

Sy

4.3.2 Selection oi,lnternal standard

ﬂumwﬂmwmm

Of all the eight confpounds testeémfor the interndlbtandard, only the
QI AN AT AL A VLA L, v
the other spot without interference the other compound, as shown in Figure

4.13. Therefore, oleanolic acid was chosen as internal standard.



57

4.4 Method validation

Accuracy, precision, specificity, linearity and range, detection limit,

quantitation limit and robustness were considered in the method validation study.

4.4.1 Standard calibi

meard VLFAs were plot between
peak area rati P4 % standard VLFAs solutions.
= 5.8542x — 0.4032. The

equation coeff etodhda W0.9959, as shown in Figure

4.4.2 Accur

LTI E { TTQT G -

generatéﬂ by the method afid the true gglue agree. Thgytrue for accuracy
AAIAND AR NMWQMEJ A0, compar
results of the method with results from an established reference method.
Secondly, accuracy can be assessed by analyzing a sample with known
concentrations, for example, a certified reference material, and comparing the

measured value with the true value as supplied with the material. If such
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certified reference material is not available, no blank-sample matrix of interest
can be spiked with a known concentration by weight or volume, which is
selected in this study. After extraction of the analyte from the matrix and
injection into the analytical instrument, its recovery can be determined by

comparing the response of thq pxtract with the response of the reference

material dissolved in ¢

Accuracywms mntage recovery by addition of

SSaaccent recovery of VLFAs was
ent recovery was 100.27. As

S cthod was in the acceptance

criteria (96-10 4% i 1d be used to determine the

4.4.3 Precis i

The prec ‘§10n of an analytlcal procedure expresses the closeness of

e P U P RTHEGm r roc

of the same homogeneous#'sample. Prggision is usuallggexpressed as the

AW ANR LA VINLARL o,

series of measurements. Precision was considered at two levels: repeatability

(intra-day precision) and intermediate precision (inter-day precision).
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Intra-day precision

Relative standard deviation was calculated from six replications of
sample preparation in one day at various concentrations. It found that %RSD
of VLFAs was in the range of 0.46-1.59. Mean %RSD of VLFAs was 0.82.

As presented in Table 4.4. E'yje, relative standard deviations of intra-day

precision were in the

/c iteria (%RSD < 2). Therefore the
method could b s tical compounds in CA plant

sample.

>d from three replications of
sample preparat; b . & ' u¥ concentrations. It found that

V e v
%RSD of VLFAs was 7 -1.71. Mean %RSD of VLFAs was

0.67. As pr:3) ‘andard deviations of inter-
.Y X
day precisior '-'i : e oi1a (YoRSD < 2). Therefore

Sy

the method cou d be used to determme the analytlcal compounds in CA plant

samplﬂUEJ’J‘ﬂElVI?‘Wﬂl’lﬂ‘i
M'lﬁﬁﬂifumﬂ']'mﬂ’lﬂﬂ

Specificity is the ability to assess unequivocally the analyte in the

presence of components which may be expected to be present.
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Figure 4.13 and 4.14 represented the TLC spot and TLC densitogram
from TLC-densitometer of each compound in standard solution and sample
solution. Densitogram of each compound in sample solution was identical to

chromatogram in standard solutions.

4.4.5 Linearity and r

Linearity .- RN L_inspection of a plot of signal
as a functior 4 : Waotent. If there is a linear
by appropriate statistical

’ Wssion line by the method of

!

least squares. In#o aiy between assays and sample

concentrations, the be subjected to mathematical

transformatj o'y

-
-
i

The 1 ' Stained as following; y =

"i
1.0111x-0. 002j The coefficient of determmatlon (r) was 0.9994. These r°

showeﬂ %dﬂm’}% ﬂﬂq@wyﬂaﬂ ﬁ of analytical found.

anges of concentraglon of VLFAs, that show goggdrlinear correlation
AALANDL AL H aleX BLAB BLacy 06101
%R) and precision (%RSD < 2) was 0.11-0.38 mg/ml, as shown in Table 4.6

and Figure 4.16.
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4.4 .6 Detection Limit

Detection limit (DL) was determined during the evaluation of the
detection of analyte. DL was defined as the lowest concentration that can be

detected. The concentratio I was the same concentration or less than

DL of Va 7 ? S——weesis resulted 30 pg/ml. This
concentration €2 3% phosphomolybdic acid in
methanol and parameter that shown in

Table 4.7.
4.4.7 Quantitati

fiiing the evaluation of the
li \ V: Y .
inear range &=y T us the lowest concentration

Sy

yielding a prec131on with %RSD less than 2 an accuracy within 4% of the

theoreﬂ%ﬂﬂl% NINYINT

of VLFAs was regulted 0.10 npg/ml. The resulfwas calculated by

aaﬂ 'lalif\lﬁnmlu nlq m EJ rlﬁ ﬂewa‘uon of six
rephcatlons was less than 2. Percentage recovery was between 101.39-
103.69%. The results were shown in Table 4.8. The calculated QL was shown

the linearity in calibration curve, as mentioned in Figure 4.17.
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4.4.8 Robustness

The robustness was susceptible to variation in analytical conditions
these should be suitable controlled. The analytical condition was varied

twenty percent if developing "¢ g and distance from the origin to the solvent

|

front from the comm
4.10. The percent recovery of
VLFAs in the 22 ' & and RSD less than 2%. The

pattern of spc ‘ | W me pattern like the normal

BY' | These test solution were

T
evaluated for = ility program as followed; unc® the ambient, 25 °C and 4°C.

Al HANUNINYADT s e 150
ﬂe period 0 %ﬁ fﬂ‘j!ﬂ IV] gﬁ;ﬁ:gred throughout

stability program a east ay in any ¢ . The standard

solution was kept in 4 °C and used in 7 days.
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4.5 Applications

4.5.1 Comparative study of extraction methods

SSanle with 90 ml of the mixture
of hey, F J [ N pr 120 minutes, as shown in
Table ? 7, ’ of 8:2 hexane:ethyl acetate
gave t . \ the extract. Therefore, the
mixture i -\"\ ‘e was chosen as the extracting
solvent.

3429 time as shown in Table
Y,
4.13 4=

A )
- — v LFAs per weight of dried
I

i o i¥

plant san&ple was 1ncreased with the increment of refluxing time and

AL ANENTHEANG oo

Conclus1ve e optimum ssnple preparati@/was followed; ten
9 mmnﬁsu i) NEAAL, .

hexane:ethyl acetate for 90 min.
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4.5.1.2 Development of ultrasonic-assisted extraction (UAE)
4.5.1.2.1 Optimization of UAE condition

The mixture of §42. hexane:ethyl acetate gave the highest

/ Therefore, the mixture of 8:2
-

he extracting solvent in this

amount of VI

%! to extract and carried out

00% of power at 65°C to

% Virsus the extraction power as

shown in 7 A% T . The percentage of VLFAs per

weight of driqd e s increased with the increment of

X T i extracting more than 20
| y: "\, d

min. T 1 n catglt VLFAs were 0.17 %w/w.

¥

Although‘c _maximum poygr (100%) was increased the cavitations

ﬂfu %JHTJ RN Q W2 8159 cbainea the nighest
q WS ATy

Therefore, the optimum UAE condition was followed; ten gram
of dried ground sample was extracted with 90 ml of 8:2 hexane:ethyl

acetate for 20 min using the 50% of ultrasonic power at 65°C.
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4.5.1.2.2 Effect of ultrasound on the active compounds

When the extraction was performed by using a high frequency
of ultrasound, the extraction time was decreased significantly.

However, the degracgiqn,k of the active contents may possible

|

occurred. The f VLFAs during the UAE was

studied aimm— itysas mein term of percentage recovery

“acncy of ultrasound do not

4.5.2 Determina rVy5 ’W ts 2-ious CA samples

J, r.i".?"

f .
- A plant samples were collecs®d on July, September and

AuHIMEN NG T e

%hailand Institute Of‘SCICI’ltlﬁC and Technologlcal Research, as shown
CA plant samples were collected during the second week of

each month of the year 2005-2006 from the commercial crops in
Nakhon Pathom province, which labeled as CA13 as shown in Table

3.5.
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CA plant samples were collected during the second week of
each month of the year 2006-2007 from the commercial crops in Ubon

Ratchathani and Nakhon Si Thammarat province, as shown in Table

3.5.
4.5.2.2 Conter A ous CA accession

CA sample were collected
from ich then propregated and

"am of Thailand Institute of

lnple was quantitative determined for

tfal system as in 3.3 and the

-
LY

perc i ' shown in Table 4.16 and

Figure 4 %3

ﬂ u Elo% %ﬁ %ﬁw lﬁlﬁflhﬂa CA dried sample was

ound in the range #f 0.0324 — Q2683 % with gggrage at 0.1705%.

q RABSDIAUNAAINLD AL s o

Rayong province and the minimum content was observed in CAll

which collected from Phitsanulok province.
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4.5.2.3 Contents of VLFAs in annual study

In this study, CA samples that collected annually from the
commercial crops of Nakhon Pathom province (CA13), Ubon

Ratchathani provinceg/g'\3) and Nakhon Si Thammarat province

(CAS) were

COMPOUTnm

the TLC-densitometric
ercentage contents of this
and 4.19, and Figure 4.24.

‘_ tents of active compounds that

observed in CAL , : v.1376 % w/w. The maximum content

T b,
of h‘; : L1, collected on November

— -
-
LY

(0.1 : ' was observed in sample that

collected on May (0. 0442% W/W) ana July (0.0446% w/w). The

ﬂ%ﬁ!’&h%ﬂ%l%ﬁ%@ll’lﬂ‘i

~ From the datef obtained, tha,contents of acgiye compounds that

QQ W'lavg m(igurum agom me ﬂ&imum content
of VLFAs was observed in sample that collected on September
(0.2100% w/w) and November (0.2086% w/w) and the minimum

content was observed in sample that collected on March (0.1451%

w/w). The results were shown in Figure 4.24 (b).
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From the data obtained, the contents of active compounds that
observed in CAS were 0.1666-0.2188% w/w. The maximum content
of VLFAs was observed in sample that collected on May (0.2188%
w/w) and the minimum content was observed in sample that collected

yJ/)- The results were shown in Figure 4.24

on September (0.1666

(c).

nd CA3 were also found the
maximur; o \ "Ssle that collected on November
as pre the maximum content of
VLFA %k from original sources and
present ower than other CA samples

||'i ""._
that culti®at by ! W ‘\"a. p & Scientific and Technological

(A 2
B .

Research.

Y]

ﬂumwﬂmwmm
QW'WMﬂ?fNNWTmEﬂﬂEJ



CHAPTER V

CONCLUSION

5.1 Extraction, isolation ard =tion of the active anticonvulsant

GC-MS, was Very VS [ WL ontaining Ci2-Cas, Which
containing Cy and C;,

The off white _ \\ - (yield = 0.045% w/w) was
extracted from 1 kg if dri ¥ | - = -- L We B l‘ .7 % purity of VLFAs.

—~

5.2 Thin-Layer G — 4>J'ytical method (TLC-
\ 4 lr'd
densitometric a ._.Ev : ‘

‘a o
TLC n@lﬁ%&%m&%@% \ﬂaﬂ(ﬁeterminated of VLFAs
in Centella asiatica by usin exﬁne-et | ac -glacial ace@ acid (14:6:1) as
develoaﬁnﬁ&ﬁﬁmlkﬁjﬁ ;ﬁe ’;l @pged with 3%

phosphomolybdic acid in methanol and heated at 120 °C for 20 min. The plate was

i¥ |

kept at room temperature for 10 min and detected with densitometer at wavelength of

550 nm.
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Method validation was studied with accuracy, precision, specificity, linearity
and range, detection limit, quantitation limit and robustness. The accuracy presented
as percent recovery was found in the range of 94.00-106.0%. The intra-plate
precisions measured as %RSD was found less than 3. The linearity was determined

by spotting the solutions, that amountygrgle of 0.11-0.38 mg/ml of VLFAs. The good

linearity was measured as P> 0.999 with insignificant intercept
from origin. The QL of — Lrm = 0/m| and DL was 30 pg/ml in
this condition. Robustrs | ‘ 70 LA £ions was flexible in 20% of

variation in developi,

5.3 Development of ext #e

Heat reflux =) x£iqtion (UAE) were used to

-

)

: A . :
extract the interested =y "% Samul CA. This study revealed

oL ¥

that heat reflux extractlo.p was showed the maximum percent contents of VLFAs as

oz son 4B an ysm JRIOHR Func wes showea s

0.1696 %w/w

AAIANDS A AN B
extraction (UAE) was more efficient by reflux, which has time consuming techniques.
UAE was also required 20 minutes to reach the exhausted extraction. However, the
heat reflux extraction technique was required more than 90 minutes to reach the

exhausted extraction.
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These findings agree with previous studies in that the alternative extraction
techniques such as UAE is powerful technique; thus can be applied to large scale of

samples.

5.4 Determination of VLFASs in v

The present Stud ' - ‘~' considerable content variation
of active compounds iz 70l we 2cted from different parts of
ientific and Technological
CA samples was showed in
Table 4.16. The averagfo L \ compound in dried ground
plant of various CA st iximum contents VLFASs that
obtained from CA samples ;. (Rayong province), 0.2411%w/w
(Sukothai province}: h! 2 f0jpvince) and 0.2143%w/w
(Ban Bo Lo provmc R E r"{

Information on cyemlcal constltuents of these accessmns can now be further

et E}QWHE'FI? WBInN3
QW?MﬂﬁmﬁJﬁﬂ’mﬂ’lﬂﬂ
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5.5 Determination of VLFAs of CA samples in annual study

Table 4.17 showed percentage contents of VLFAs in the dried ground of CA
that collected every 2 month from the commercial crop at Nakhon Pathom province.

The maximum contents of VLFA 6%w/w) was obtained from CA, which

Table 4.18 ShOw s ge shnte me-AS in the dried ground of CA

collected on November.

that collected every 2 mog ‘ 78 SSsa.at Ubon Ratchathani province.
The maximum conte F 4 8 Sl found in CA, which also
collected on Septembe '
s in the dried ground of CA
rop at Nakhon Si Thammarat

that collected every 2 r

province. The maximum contes
L b/s 7

as 0.2188%w/w found in CA, which

also collected on M>a¥

-
-
LY

. AX -
Information ' o study may be utilized as

criteria for further useg |n breeding programs for |gh biomass of VLFAs in

commerca Cﬁvﬁﬂ’mﬂﬂi WBInN3
’QW'WMﬂiflJﬁJﬂTmEl’lﬁﬂ
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Table 3.4 Various CA samples cultivated by Thailand Institute of Scientific and

Sources of CA Sample codes Collecting times
Prachin Buri CAl July
Ban Bo Lo (local growth) CA2 September
Nakhon Si Thammarat
Ubon Ratchathani July
Trat November
Ban Bo Lo (trade) July
Nakhon Si Thammap
Rayong - July
Chon Buri July
Pak Chong September
Nakhon Ratchasi
Sukhothai September
Chiang Mai (gres November
Phitsanulok November
Chiang Mai July

Table 3.5 Various

A

Pathomsg -'— -3

| y: | A ‘

¥

ynmzzcial crops of Nakhon
51 Thammarat province

[
g ﬁ Sguices of CA and codes

"R e I NELTLA WEENELI| Povom
) i i Edamindatat Pathom
January“ CA3-1 CAS5-1 UCA13-1
Algeh~ A SR LA A @133
acKi- A13-5
Rily CA3-7 |  CA5-7 CA13-7
September CA3-9 CA5-9 CA13-9
November CA3-11 CA5S-11 CA13-11
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Table 4.1 GC peak area of isolated fatty acids (analyzed by AMARC)

Compounds Data
Retention time (min) Area

Dodecane 5.241 2640689
Dodecamethyl-pentasiloxane 5.285 3255719
Tetradecane 6.148 2521580
[[4-[1,2-bis[(trimethylsilyl)oxy 4
1,2-phenylene} bis [trimeth; % 2138292
2,6,11-Trimethyl-dodecar 1685094
Octadecamethyl-cyclono 1921615
Hexadecane 3268757
4-Methyl-hexadecane 4047872
Heptadecane 2410841
1,1,1,5,7,7,7-Heptam«*
bis(trimethylsiloxy)tetr- 1639094
9-Octyl-heptadecane # 3547212
Octadecane 3910800
Dodecanoic acid, Met 7708554
Eicosane 7342932
4,6-Dimethyl-2-pyrimidine #fne = 3495674
1-(4-Fluorophenyl)-2-[(4-hydr&
methylpyrimidin-2-yl) th1o] eﬂ” + 8515208
4-(3-Hydroxy-2,2,,
bicyclo[4.1.0]hept-5= 3276547
2-Methoxy-thiopheis+ 9062775
2,6-Dimethyl-4-pyrim} nanuh_ i 23078011
4-n-Dodecylresorcinor™ 10.659 48897804
Divinylbis(cyclopropyl)fllse o 10.722 20752026
m-Menth-1(7) | R10441 S 22101527
Methyl tetrad AT e 35212638
Henecicosane o11.808 6584473
55 T BhLiieiv e MRLLRER
1 2 nap 1 , 4 6039245
5,9,13-THmethyl-tetradecanoic acid,
Methyl ester 12.075 872456
Pentadecanoic acid, Methyl ester 12.142 13260574
6,10,14-Trimethyl-2-pentadecanone 12.279 42627074
2,6,10,14-Tetramethyl-hexadecane 12.479 6072068
3,12-Diethyl-2,5,9-tetradecatriene 12.609 5141605
Docosane 12.819 13290215
Hexadecanoic acid, Methyl ester 13.246 191180748
9-Hexadecanoic acid, Methyl ester 13.582 11185979




Table 4.1 GC peak area of isolated fatty acids (analyzed by AMARC) (continue)

&3

Compounds Data
Retention time (min) Area

Triacontane 13.978 8991170
15-Methyl-hexadecanoic, Methyl ester 14.523 5545428
Phosphorochloridic acid, Methyl este: 15.013 8323029
Tetracosane B\ 15.354 10884313
Octadecanoic acid, Methyl =388 } 65085297
2,2°-(1,1,2,2,3,3-hexafluo
propanedily)bis-thiopheri® 8633477
8-Octadecanoic acid, Ve 44971124
Pentacosane 15503096
9,12-Octadecadienoic a~
ester 23790932
Hexacosane 13356281
Eicosanoic acid, Met’ 27099617
7,10-Octadecadienoic 2 7428829
Heptacosane 21411719
Heneicosanoic acid, Met 9732682
Octacosane . — 14020258
Phthalic acid, Hexadecyl mcth) Sebdi o 6283767
Docosanoic acid, Methyl ester 275771 < /] 37805842
Nonacosane ™ . 28115658
Tricosanoic acid, M= 21644204
Octacosanoic acid, =44 273080301
Tetracosanoic acid, M| iyl esict 538.1 1 36126349
Di-n-octyl phthalate | 48.406 72604639

AULINENTNEINS
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Table 4.2 The content of VLFASs calculated base on GC-MS

Compound Structure Molecular weight | % content in fatty

(methyl ester) acid, methyl ester
Dodecanoic acid Ci2H240; 200 1.07
Tetradecanoic acid C14H250, 228 4.90
242 1.85

Pentadecanoic acid CisH30Cy

Hexadecanoic acid A 256 26.63
Octadecanoic acid ~ } 9.07
Eicosanoic acid 3.77
Heneicosanoic acid 4.36
Docosanoic acid 5.27
Tricosanoic acid 3.01
Tetracosanoic acid 5.03
Octacosanoic acid 38.04

Table 4.3 Purity of fatty acids f'" A #A s base on GC peak area

Vi A
Compound 1 'C Tlak area % content in
(methyl esters carbon atom sample, methyl

f = 'Y ester
PR Ak XA AR AV SN I X0 N TR X
Tetradecanoicladi 1 J3spi263d 2.74
Pentadecanoic gid P 15 13260574 1.03
Hexadpengie midn g &y - ﬁﬂg@kﬂg 14.85
Octade@ndffacidpY \J [ | 4 | | 55 X% 5.06
Eicosandjc acid B 20 27099617 |  2.11
Heneicosanoic acid 21 9732682 0.76
Docosanoic acid 22 37805842 2.94
Tricosanoic acid 23 21644204 1.68
Tetracosanoic acid 24 36126349 2.81
Octacosanoic acid 28 273080301 21.21
Another compound peak area - 569339094 -

Total - 1287275900 55.77
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Table 4.4 Accuracy test of TLC-densitometric analytical method of VLFAs (intra-

day precision)
Added Number of sample
concentration Items 3 4 5 6

(mg/ml)

0.0559 %Recove 100.25 | 99.89
%RSD 0.46

0.1118 %Recos 99.34 99.50 100.10
%R —

0.1676 YoR 72 | 10134 | 99.62 | 101.32

0.2235 98.74 100.25

0.2794 100.12 | 102.21

T

-

Vi

.
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Table 4.5 Inter-day precision test of TLC-densitometric analytical method of
VLFAs

Added concentration Items Day

(mg/ml) 1 2 3

0.0559 %Recovery 99.81 | 100.80 | 98.68

99.76

0.77

99.94 | 99.45 | 100.06

99.82

0.32

0.52 | 99.44 | 99.92

99.96

N
\ ==

0.54

199.75 |100.41

100.03

0.34

N SL18 [ 10221 [ 102.36

101.92

0.63

100.30

TM%IQHHQMﬂﬂQHﬂﬂﬂimmMM

"

AINTUUAINYNY
Added o Mean found

concentration(mg/ml); x concentration(mg/ml); y

0.1175 0.1174

0.1734 0.1733

0.2293 0.2292

0.2851 0.2860

0.3410 0.3409

0.3969 0.4002

y = 1.0111x-0.0023, r* = 0.9994
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Table 4.7  Confirm of linearity standard calibration curve (0.11-0.38 mg/ml)

N Parameters of calibration curve
Slop Intercept R’
1 5.8651 -0.4057 0.9955
2 5.8564 -0.4043 0.9966
3 5.8411 -0.4005 0.9956
Mean 4 -0.4032 0.9959
SD ﬂ.oo 0.00
%RSD 53 0.06

VLFAsSs solution
(0.11 mg/ml)

Peak area ratio

Peak area ratio
average

| V_. ' V
T

Isa

N itometric analytical method

sample5

sample6

) 3

0.2174

0.2582

=139

%Recovery

9245 | 10320 | 4103.69 | 10139\ 103.41 | 103.41

werage ﬂLlEJ’J'ﬂEWITW B f):a

%RSD

0.77

QW'WMﬂ?fNNWTJVIEﬂﬂB
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Table 4.9 Robustness of TLC-densitometric analytical method; % recovery of VLFAs

in varied analytical condition

Developing phase TLC length % Recovery
(cm) (mean+SD)
Hexane-ethyl acetate-acetic acid (14:6:1) 10.0 100.00 +0.00
Hexane-ethyl acetate-acetic acid (14:6:1) 8.0 99.09 +0.28
Hexane-ethyl acetate-acetic acid (14-Cg'p 8.5 99.31 +0.94
Hexane-ethyl acetate-acetic acidy s \ 99.04 +0.53
Hexane-ethyl acetate-acetic 2 N 99.13 +0.95
Hexane-ethyl acetate-acet: - 99.29 +0.96
Hexane-ethyl acetate-acc® 99.24 +0.54
Hexane-ethyl acetate-a o< 99.31 +1.01
Hexane-ethyl acetate-2 99.26 +0.50
Hexane-ethyl acetate-ac 99.24 +0.83
Hexane-ethyl acetates 99.51 +0.96
Hexane-ethyl acetate-a 4 99.38 +0.38
Hexane-ethyl acetate #Cet 99.63 1+ 0.66
Hexane-ethyl acetate-ac g 101.13 +0.93
Hexane-ethyl acetate-aCet’ 101.59 +0.95
Hexane-ethyl acetate-ac, 98.16 +0.88
Hexane-ethyl acetate-acetic i 98.76 +0.90
Hexane-ethyl acetate-acetiC act 102.39 +1.01
Hexane-ethyl acetate-acetic acZZ7k ,1,4 ] 99.28 +0.56
Hexane-ethyl acetatowpce 99.44 +1.00
Hexane-ethyl acetaly= 102.12 +0.65

oo M NN TN, e

afled analytical condjgion

ARIAINTUNRIINGAY

Thble 4.10.1 Ry and hR; of TLC spot in analytical condition

Spot in TLC R¢ hR¢
Spot 1 0.39 38.75-40.00
Spot 2 (IS) 0.47 46.25-47.50
Spot 3 (VLFAs) 0.52 51.25-52.50
Spot 4 0.59 58.12-60.62




Table 4.10.2 hR¢ of VLFAs and IS TLC spot in varied analytical condition

Developing phase TLC length IS VLFAs
(cm)
hR; hR;
hexane-ethyl acetate-acetic acid 10.0 46.25-47.50 51.25-52.50
(14:6:1)
hexane-ethyl acetate-acetic acid 8.0 43.33-45.00 48.33-50.0
(14:6:1)
hexane-ethyl acetate-acetic acid 44.62-46.15 49.23-50.77
(14:6:1)
hexane-ethyl acetate-acetic aci 7.14-48.57 52.14-53.57
(14:6:1)
hexane-ethyl acetate-acetic.” 51.33-52.67
(14:6:1)
hexane-ethyl acetate-ace’s 247.65 52.35-53.53
(14:6:1)
hexane-ethyl acetate-a 53.33-54.44
(14:6:1)
hexane-ethyl acetate- 19.47 54.74-55.79
(14:6:1)
hexane-ethyl acetate-ace; 52.5-53.5
(14:6:1)
hexane-ethyl acetate-acetic#fci 275-45.00 50.00-51.25
(14:6:0.8) Y B A
hexane-ethyl acetate-acetic acid 45.00-46.25 50.63-51.87
(14:6:0.9)
hexane-ethyl acetate-ssgtics \ n0-5 87 54.37-55.62
(14:6:1.1) —a—— -
hexane-ethyl acetate- i 4 75 56.25-57.50
(14:6:1.2) i
hexane-ethyl acetate-aca acid 41.3812.50 45.00-46.25
(14:4.8:1) .
hexane-ethyl ac o AU-44. 7 48.12-49.37
(14:5.4:1) ﬁ\t ﬁj
hexane-ethyl acé&e-ace 1C acl 0.0 2.50-53.7 56.25-57.50

(14:6.6:1) ¢ -

AN TR AT
(14:7.?,_ ﬂ [l dble NV 1 dVIL | C
hexane-eﬁlyl acetate-acetic acid 10.0 48.75-50.00 53.75-55.00
(11.2:6:1)

hexane-ethyl acetate-acetic acid 10.0 57.50-48.75 52.50-53.75
(12.6:6:1)

hexane-ethyl acetate-acetic acid 10.0 40.62-41.87 45.62-46.87
(15.4:6:1)

hexane-ethyl acetate-acetic acid 10.0 38.12-39.37 44.37-45.32

(14:6.8:6:1)

&9
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Table 4.10.3 hR¢ of spot 1 and spot 4 TLC spot in varied analytical condition

Developing phase TLC length
(cm) Spot 1 Spot 4
hR; hR;
hexane-ethyl acetate-acetic acid 10.0 38.75-40.00 58.12-60.62
(14:6:1)
hexane-ethyl acetate-acetic acid 8.0 48.33-50.00 60.85-64.17
(14:6:1)
hexane-ethyl acetate-acetic acid 49.23-50.77 60.00-63.08
(14:6:1)
hexane-ethyl acetate-acetic aci 52.14-53.57 59.29-62.14
(14:6:1)
hexane-ethyl acetate-acetic.” 33-52.67 58.00-60.67
(14:6:1)
hexane-ethyl acetate-ace’s 59.41-61.76
(14:6:1)
hexane-ethyl acetate-a %04 w4.44 60.67-62.78
(14:6:1) ' Fr-=—="\ \
hexane-ethyl acetate- - Wi5.79 62.11-64.21
(14:6:1) s
hexane-ethyl acetate-ace; -53.5 59.50-61.50
(14:6:1)
hexane-ethyl acetate-acetic#fci 7-41.87 59.37-61.87
(14:6:0.8) Y B A
hexane-ethyl acetate-acetic acid 41.87-43.12 60.62-63.12
(14:6:0.9) _ J
hexane-ethyl acetate->sgtica S/~ Bl 2-42 37 64.37-66.87
(14:6:1.1) —a—— -
hexane-ethyl acetate- i 4 12 65.62-68.12
(14:6:1.2) i
hexane-ethyl acetate-aca acid 38.138439.37 57.50-60.0
(14:4.8:1) .
hexane-ethyl ac o P 61.25-63.75
(14:5.4:1) ﬁ\t
hexane-ethyl acé&e-ace 1C acl 0.0 8.75-50.0 70.00-72.50
(14:6.6:1) ¢ -
hexan ) % 3 . ! 7-74.37
AR TRIT U HA 1IN ¢
hexane-eﬁlyl acetate-acetic acid 10.0 42.50-43.75 63.12-65.62
(11.2:6:1)
hexane-ethyl acetate-acetic acid 10.0 41.25-42.50 61.87-64.37
(12.6:6:1)
hexane-ethyl acetate-acetic acid 10.0 36.87-38.12 56.25-58.75
(15.4:6:1)
hexane-ethyl acetate-acetic acid 10.0 34.37-35.62 55.00-57.50

(14:6.8:6:1)




Table 4.11 Stability of VLFAs in solution under 4 °C (a), 25 °C (b) and ambient

condition (C)

(DN |[W [—

Concentration of VLFAs
Sampling time (mg/ml)
(day) (mean+SD)
0 0.2724 +0.01
- 0.2733  +0.01

N 002

+0.01

712 £0.01

L

2716 +0.02

+ 20 ]

(©)
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Tablet 4.12 Efficiency of extracting solvent for extraction of Centella asiatica

Extracting solvent Percentage content of
VLFAs
N ' (mean + SD)
100% hexane 1 1.8760 +0.03
90% hexane inaf él.m +0.02
80% hexane : : )44+ 0.01
70% hexanc™ ota . =07 +0.04
60% hexa s +0.01
50% hexa: +0.01
40% hexan- +0.01
30% he +0.02
20% hexar, s +0.04
10% hex#fc | +0.02

100% ethy’ N +0.02

Table 4.13 Percentagt -'; it ShteJ asiatica with hexane-ethyl
acetate (8:% at various times (reﬂuxing times

ﬂuEJ’J‘VIEIVI?‘Wﬂl’IF‘i

R uxing time PeIpentage content of VLFAs

QRINNIURINEINY

9 10 0.0692 +0.01
30 0.0768 +0.01
60 0.1141 +0.01
90 0.1382 +0.01
120 0.1371 +0.00
180 0.1371 +0.00
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Table 4.14 The effect of ultrasonic extraction time and power on percentage contents

of VLFAs

Extraction time

Extraction contents of VLFAs, %w/w

(min.) b ‘ 50%of power | 100%of power
mean+SD) (mean+SD)

0 r 2> +£0.00 | 0.0562 =£0.00
1 ' e £0.01 | 0.0689 £0.01
2 £0.00 | 0.0828 +0.00
3 0.00 | 0.1040 +0.01
5 0.1205 =+0.00
0.1344 =+0.01

0.1571 =+0.01

0.1551 =+0.01

0.1550 =+0.01
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Table 4.16  Contents of VLFAs in whole plant of various CA from

Thailand Institute of Scientific and Technological Research

CA samples Extraction content,
Yow/w

i

¥ (mean+SD)
CAl N\ 11,1979 +0.00
CA2 \ A +0.00
Clom™ : & +0.00

1 0.00

C»
: S 0.00

we0.00
wt 0.00
\ 800

-
X
LY
-

¥

AULINENINYINT
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Table 4.17  Contents of VLFAs in whole plant of CA from the commercial crop

of Nakhon Pathom province in annual period

Extraction contents, Y%ow/w
VLFAs
(mean+SD)

Month
(sample codes)
January

AULINENINYINT
IR TN ININY
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Table 4.18  Contents of VLFAs in whole plant of CA from the commercial crop

of Ubon Ratchathani province in annual period

Month Extraction contents, Y%ow/w
(sample codes) VLFAs

AULINENINYINT
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Table 419  Contents of VLFAs in whole plant of CA from the commercial crop

Nakhon Si Thammarat province in annual period

Month
(sample codes)
January

Extraction contents, Yow/w
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Table 5.1 Method validation test of TLC-densitometric analytical method

VLFAs
Accuracy
(%R) 100.27
Mean
Range

Precision
(%RSD)

intra-da
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Figure 4.1 Spots on TLC-plate of standard and isolated compounds; system 1

Figure 4.2 Spots on TLC-plsiiiis _@ /) bisolated compounds; system 2
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Figure 4.3  Spots on TLC-plate of standard and isolated compounds; system 3
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Figure 4.4 IR spectrum of VLFAs
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Figure 4.5 '"H-NMR of VLFAs
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Figure 4.6 "“C-NMR of VLFAs
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Figure 4.7 DEPT of VLFAs

AULINENINYINT
IR TN ININY



105

Figure 4.8 "C-NMR of isolated VLFAs
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Figure 4.10 GC-MS chromatogram of VLFAs compared with fatty acids standard

Figure 4.10.1 GC chromatogram of VLFAs
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Figure 410 GC-MS chromatogram of VLFAs compared with fatty acid standard
(continue)

Figure 4.10.2 MS pattern of Dodecanoic acid, methyl ester
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Figure 410 GC-MS chromatogram of VLFAs compared with fatty acid standard

(continue)
Figure 4.10.3 MS pattern of Tetradecanoic acid, methyl ester

Library Searched : C:\Database\NIST05a.L
Quality

D

Abundance

9000

8000!

7000/

6000/

5000

4000

3000

20004

1000

miz-->

Qlrrrrprers
0

Abundance

9000

8000

7000

6000

5000

4000

3000

2000

1000

miz-->

: 98
: Methyl tetradecancate

Scan 1175 (11.178 min): 001.D\data.ms (-1184) (-)

60 380 400 420 440 460 480 500

W ss spectrum pattern of
flecanoic acid, methyl ester standard

L)
X

43

‘Ll

0

5 }ig . 125 { 171 \ 4
L h£477'Lr'uhfu b A A
0 20 40 80 80 100‘20 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

ﬂ‘lJH’JVIElWiW BN

QW"r NIUNRINYIEY




109

Figure 410 GC-MS chromatogram of VLFAs compared with fatty acid standard
(continue)

Figure 4.10.4 MS pattern of Pentadecanoic acid, methyl ester
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Figure 410 GC-MS chromatogram of VLFAs compared with fatty acid standard
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Figure 4.10.5 MS pattern of Hexadecanoic acid, methyl ester
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Figure 410 GC-MS chromatogram of VLFAs compared with fatty acid standard

(continue)
Figure 4.10.6 MS pattern of Octadecanoic acid, methyl ester
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Figure 410 GC-MS chromatogram of VLFAs compared with fatty acid standard
(continue)

Figure 4.10.7 MS pattern of Ecosanoic acid, methyl ester
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(continue)
Figure 4.10.8 MS pattern of Heneicosanoic acid, methyl ester
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Figure 410 GC-MS chromatogram of VLFAs compared with fatty acid standard
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Figure 410 GC-MS chromatogram of VLFAs compared with fatty acid standard
(continue)

Figure 4.10.9 MS pattern of Docosanoic acid, methyl ester
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Figure 410 GC-MS chromatogram of VLFAs compared with fatty acid standard
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Figure 4.10.10 MS pattern of Ttricosanoic acid, methyl ester
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Figure 410 GC-MS chromatogram of VLFAs compared with fatty acid standard

(continue)
Figure 4.10.11 MS pattern of Tetracosanoic acid, methyl ester
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Figure 4.10
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GC-MS chromatogram of VLFAs compared with fatty acid standard
(continue)

Figure 4.10.12 MS pattern of Octacosanoic acid, methyl ester
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Figure 4.11 Reflection wavelengths versus peak area of VLFAs after spray with

3% phosphomolybdic acid and heat at 120 °C
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Figure 4.13 TLC spot of sample solution, VLFAs and IS in TLC-densitometric
analytical system 3; spray with 3% phosphomolybdic acid in methanol
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Figure 4.14 TLC densitogram of VLFAs standard (a), IS (b), VLFAs + IS (c), CA
extract (d) and CA extract + IS (e) detected by TLC- densitometer
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Figure 4.15 Calibration curve for analytical VLFAs in TLC-densitometric analytical
method
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Figure 4.17 Quantitation limit (QL) of VLFAs in TLC-densitometric analytical

Figure 4.18 Stability of VLF AzE7k
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Figure 4.19 Percentage contents of VLFAs in whole plant of CA by varied polarity

of solvent
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Figure 4.21 The effect of ultrasonic extraction time and power on percentage contents

of VLFAs
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Figure 4.23 Contents of VLFAs in whole plant of various CA from

Thailand Institute of Scientific and Technological Research
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Figure 4.24 Contents of in whole plant of CA from the commercial crop province in
annual period Nakhon Pathom (a), Ubon Ratchathani (b),

Nakhon Si Thammarat province (¢) and compared three provinces (d)
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