CHAPTER III

RESULTS AND DISCUSSION

\\/
In reference to the pQLgnmaIy s r agrochemicals from the flowers

of D. metel, the ethanolm acefate crude extracts of the flowers of D. metel
rinexhwm salina Linn. and plant
i ."‘fmemor , the alkaloid portion revealed

exhibited impressive

3.1 The results of éliftmctlon 7;

The results of‘ extraction of the flowers of bj metel by various solvents

e T AW T

Table 3.1 The%sults of extractlog.

K al Nk LN iy

q ant materials)
I EtOH 643.15, 6.43%
II EtOAc 220.00, 2.20%
III Alkaloid 31.08,0.31%

From the result of extraction, it was observed that the alkaloid content in the
flowers of D. metel was quite high. The flowers of D. metel may be considered as

a good source for bioactive compound if the alkaloid present exhibited good activity.
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3.2 The results of biological activity screening test

3.2.1 Brine shrimp cytotoxicity test

Various crude extracts of the flowers of D. metel were preliminarily screened
for cytotoxic activity against brine shrimp (4rtemia salina Linn.) according to the

procedures described in Chapter II. The results are displayed in Table 3.2.

Table 3.2 The results of brine shrimp cytotoxicity test

Crude LCso (ppm) at}4 hours Activity
Fraction I (EtOH) 34.9f-"’f:':__, Moderate
Fraction II (EtOAc). . A47.2 =l Moderate
Fraction III (Alkaloi’ﬂL - ?28.2 Low

Note: 0-10 ug/mL?‘gxioity, ldSIOO pg/mL; Moderate toxicity

100-1000 p y{( “tQXIGltYrs, >1000 pg/mL;No toxicity
/=

According to thg abov result; B},gciion I (ethanol extract) and Fraction II

(ethyl acetate extract) display intéresting‘-éytbtoxic activity against brine shrimp. It
¥ ‘nr
was interesting that Fraction nr (alkaﬁ!{ﬂ_;_fraction) did not reveal significant

cytotoxicity against brine shrimp. This prest
in this fraction possessed low" eytotoxic aéif?féi:‘“l‘he low cytotoxicity against brine

ly implied that the alkaloids present

shrimp also suggested. i i 1 ~on normal cells of human
beings or mammal.“ﬁ;:the other words, an alkaloid migh;‘tb show cytotoxicity against
abnormal cells of hulr’ran beings or other organisms. Thus, the alkaloid fraction can
possibly be used for .other, works, ,which-were not harmful to human beings or
mammal, as insecticide, molluscicide, erc.’ From'this reasor; an alkaloid fraction

perhaps is useful in agrochemical aspects.

3.2.2 Plant growth inhibition on Lactuca sativa Linn. _

The same three crude extracts were tested for plant growth inhibition on
Lactuca satiya L. The procedure was described in Chapter II. The results are shown in
Table 3.3 and Figure 3.1.
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Table 3.3 The effect of crude extracts of D.metel on the growth of Lactuca sativa L.

Crude Part % Inhibition
0.1g 05¢g 10g
Fraction I Root 22 100 100
(EtOH) Shoot 20 100 100
Fraction II Root -32 100 100
(EtOAc) Shoot 26 100 100
Fraction III Root X 3 34
S\
Alkaloid h < S 1
( ) ShogtRRN 3 21
% Inhibitio
100 /

80 -
60 -
40 -
20+
04
R
40 -

% Talifbition D | N
100-

Crude extracts

(B)

Figure 3.1 The effect of crude extracts of D. mesel on A) the root growth of
Lactuca sativaLinn. B) the shoot growfh of Lactuca sativa Linn.
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From the above data, the ethanol and ethyl acetate crude extracts exhibited
high plant growth inhibition against both the root and the shoot of Lactuca sativa L. at
concentrations of 1.0 g and 0.5 g of weight corresponding to dried plant materials.
However at low concentration of ethanol crude extract, it showed shoot promotion
activity while ethyl acetate extract displayed root promotion. The ethyl acetate crude
extract was therefore selected for further investigation of the chemical constituents. In
addition, the alkaloid portion exhibited interesting results to reveal low plant growth

inhibition at every concentration.

323 Mollusclcldalq&\-\ ‘V///

The crude extracts

re also preliminarily screened

ers. f Dw‘
macea MLamarck. according to the

for molluscicidal activi

procedures described in

33, A 4
7 4
F i {-
Table 3.4 The results ofmollus 1dal-ach / tes
Crude . ﬂ A % ortality of snail at 72 hours
, {l;a-éiii. . bl 1.0g 10g
Fraction I (EtOH) 4790, . 67 89
Fraction I (EtO 0 | 44
raction II ( QA_Q) 5
Fraction III (Alkaloi : " 78
)] 7]
% Mortality U

EtOH EtOAc Alkaloid
Crude extract

Figure 3.2 The results of molluscicidal activity test
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According to the results of molluscicidal activity test, the ethanol and alkaloid
crude extracts gave distinctive bioassay result. Thus, chemical investigation of
alkaloid crude extract was proceeded.

As a summary, the agrochemical screening results revealed that the ethyl
acetate and alkaloid crude extracts had potential for further investigation towards
biologically active constituents. The ethyl acetate crude extract displayed medium
cytotoxicity against brine shrimp and showed high plant gfowth inhibition. In addition

the alkaloid portion gave high am{ ﬁ t P. canaliculata. Based upon the
information from blologlcal % tracts were selected for further
examination in regard to ew-.ltad m«:als

-‘-—_‘r
3.3 The results of the

3.3.1 Separation o tate.c
- 2 "‘ Y .
The ethyl aceta s a darl whklm, 220.00 g was separated

Tk
/

approximately 250 mL was co’rw' and conéentrated to small volume and then
checked by TLC. Fractlons cbnmﬁﬁhg" sirnilar components were combined. The

ﬂuEJ’J‘VIEJ‘V]iWEﬂﬂ'ﬁ
awm\mmumwmaﬂ



Table 3.5 The results of the separation of ethyl acetate crude extract (Fraction II)

24

Eluent Fraction No. Remarks Weight
(% vol/vol) (250 mL) (2)
100% CH,Cl, 1-17 (EC1) White amorphous in 13.05
pale yellow oil
10% EtOAc-CH,Cl, 18-21 (EC2) White solid in yellow oil 6.59
(Mixture 3)
20% EtOAc-CH,Cl, | 22-50 (Ecs)f ) Yellow oil 8.35
30% EtOAc-CH,Cl, | 51-65 (EC4) ’A@ Yellow oil 7.75
40% EtOAc-CH,Cly {6680 (Ecsb Yellow solid in yellow | 6.68
*""'F { il
50% EtOAc-CH,Cl }?9 (Ec@ Yellow brown oil 9.12
60% EtOAc-CH,Cl f)/[ (BCT); Brown oil 4.43
70% EtOAc-CH, f }é_; (ECS? ) Brown oil 7.06
80% EtOAc-CH,Cl )E [42 (BC9), Brown oil 8.92
90% EtOAc-CH,Cl, ’[ / 157 chm;*r Dark brown viscous 6.58
: —7"1 . liquid
100%EtOAc 158- 19&:(EC1% - Dark brown viscous 10.13
T - ll?llld

5% MeOH-EtG&—%—EE%m gum 4.55
10% MeOH-EtOAS 206-250 (EC13) Dark brown gum 8.06

Separation 6f Eraction EC1

T

Fraction EC1 as white amorphous in pale yellow oil (13.05,g) was reseparated

by silica gel

Golumn | chromatography.

Gradient

solveni msing hexane,

dichloromethane and methanol was used to elute the column. Each fraction about 50

mL was collected and concentrated to small volume and then checked by TLC using

30% hexane in dichloromethane as a mobile phase. Fractions containing similar

components were combined. The results of separation and combination are shown in

Table 3.6 and an overview procedure is summarized as presented in Scheme 3.1.



Table 3.6 The results of the separation of Fraction EC1

Eluent Fraction No. Remarks Weight (g)
(%vol/vol) (50 mL)
100% hexane 1-6 Yellow wax trace
10% CH,Cl,-hexane 7-15 White solid in yellow oil 0.92
(Mixture 1)

20% CH,Cl-hexane 16-33 Yellow oil 0.16
40% CH,Cly-hexane 34-59\\'\ / We solid in yellow 0.60
50% CH,Cl,-hexane =70 s} ixture 2) 0.85
60% CH,Cl,-hexane 3 % oil 027

80% CH,Cl,-hexane i N :ﬁ\\’g\ﬁ oil Trace
100% CH,Cl | \{ | | Yellow oil 1.94
5% MeOH-CH,Cl; 8 < |4 Yellowoil 1.13
10% MeOH-CH,Cl: 50183 ;_f@ngscqs liquid 2.35
20% MeOH-CH,Cl, ' eli\“\sogus liquid 0.19

: /e lle

Y o ﬂuo‘ Jatography
5 1
-
100% CH,Cl J 90: 10 30:20 Dark brown gum
SN e i3
R@WQQ W
:CH,Cl, ¢ Recolumn
T I A NI E
White powder White powder Mixture 3 Chromatotron
Mixture 1 Mixture 2 Compound 1

Scheme 3.1 The summarized separation of ethyl acetate crude extract



3.3.2 Separation of alkaloid fraction

The alkaloid fraction as deep yellow viscous liquid (28.6 g) was separated by
aluminum oxide column chromatography. This column was eluted with gradient
chloroform: methanol in a stepwise fashion. All fractions were checked by TLC and
fractions displaying similar components were combined. Silica gel and sephadex
column chromatographies were utilized for further purification of each fraction. The

results of the separation of alkaloid fraction are shown in Table 3.7 and an overview

procedure is summarized as presen\ai\r"?;ne . S

Table 3.7 The results of th

ﬁnongfth_

fraction (Fraction III)

Eluent Weight(g)

(% vol/vol) ~

100% CHCI, Pale yellow liquid Trace
5% MeOH-CHCl; ;‘ yellow liquid 1.03
10% MeOH-CHCl; AC3) w‘niuid 0.37
20% MeOH-CHCl; 420(ACH) - [ 14 Xellowliquid 8.89
30% MeOH-CHCl; 0 (AC5) | Deep yellow liquid 6.71
50% MeOH-CHCl; | 61-76 {AC6) | yellow liquid 3.07
60% MeOH-CHCl, | 77-87 (AC7) | Yellow broy 1.08
70% MeOH-CHCI‘{;\‘r 88-94 (ACS) I Yellowb Trace
80% MeOH-CHCl?"*_495 106 (ACY) | Ye Trace

100% MeOH v107-14o (AC10) I Brown hcf{ﬂd 1.00

AUGANININEINT

AMIANTAUUMIING A
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Alkaloid fraction (Fraction III)

Column Chromatography

AC1-AC3 AC4-AC5 AC6 - AC10

brown liquid

HPLC ' colulxw:omatography
b SéphadexX LH-20
—_— { -
v v
Compound 4 | Compound 3
Compound 5 ¢
Schem o separation/of alkaloid fraction

# r? - },—,_",' L]
3.4 Purification, properties anﬂ%‘fiﬁcturﬁl’-' ucidation of isolated substances

3.4.1 Purification, propﬁrﬁ'& and _@.—!n&iral elucidation of Mixture 1

Mixture 1 %Mﬂ&&%éeﬁwl acetate extract) was
obtained from cthy] Heetate crude extract by eluting With 100% CHLCl, and repeated
column chromatographﬁI by using hexane in dichloromethane as a mobile phase. Its
spot on TLC could.not be detected under UV-light but be visualized when dipping in
10% H,S04 in ethariol..This mixture showed bluetgreen solution with Liebermann-
Burchad’s reagent, which indicated the presence of steroid compgund. The melting
point oF this mixtaré ‘Was 66-68"C. The TLC showed Ry value of 0.47 in hexane:
dichloromethane (3:7) as a solvent system. |

The IR spectrum (Figure 1) showed the C-H stretching vibration of CH2, CHj
at 2919 (s) and 2852 (s) cm’ and C=0 stretching vibration of an ester at 1738(s) cm™.
The additional absorption peak at 1175 (m) was the characteristic of C-O stretching
vibration. From the IR spectroscopic data, Mixture 1 was roughly identified as a
mixture of steroid ester. In order to verify its structure, the basic hydrolysis of this



28

mixture was set up. Two parts, designated as Mixture 1a (an alcoholic part) and
Mixture 1b (a carboxylic part) were gained.

Study on Mixture 1a

Mixture 1a (0.06 g) as white needle crystal had melting point of 117-118 °C.
The TLC exhibited only one brown spot after dipping with 10% H,S04 in ethanol
with Ry value of 0.58 in hexane: ethyl acetate (4:1) as a solvent system. Reacting with
Liebermann-Burchard’s reagent, 1\5“‘4We-green color solution, which is the
characteristic of steroid compo

The IR spectrum ) rqyale aracteristic absorption peak of
p aa%:d C-O stretching vibration

n of CH, and CHj3; were
3 ,'m\e chemical reaction and

a m‘ixture of steroids. Thus, the
ents of this mixture. The GC

O-H stretching vibratio

steroids, namely compesterol,

igure 3.3) showed the two

major peaks at retention time &2445 axf@
and B-sitosterol, respectlvely.a'l'he:ﬂ_etcc;xtmmgn of this mixture is presented as
N

, corresponding to stigmasterol

shown in Table 3.8.'&l.: S—

AU ANENININS
ARIANN L

Figure 3.3 Chromatogram of Mixture 1a
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Table 3.8 The composition of steroids in Mixture 1a

Name Retention time (min) % composition
Stigmasterol 22.29 31
B-sitosterol 271.52 69

From the color test, spectroscopic data and GC analysis, Mixture 1a could be
deduced the structure as a mixture of ;tjgrnasterol and [-sitosterol in ratio
# 4 ‘-f.

approximately 1:2. "

W™
i
J ‘.f:‘-:
Stigmasterol ~i : ;j_f‘ [-Sitosterol
T e
— T o §
Study on Mixture 1b! £ |

Mixture 1b 'a;i_\yhite amorphous solid (0.05 g),j;lélting point 41-42°C was
designated for the acidic part derived from basic hydrolys_is of Mixture 1.

The IR spectrum (Figure 3) showed the broad absorption peak of O-H
stretching vibration of carboxylic acid at 3000-3500 em™, C=0 stretching vibration of
carboxylic acid“at 1696 (s) cm™ and C-O stretching vibration at 1291 cm™. The
additional ‘absorptien peaks'of C-H stretching ‘and bending vibratien of CH> and CH;
were observed at 2926, 2844, 1466 and 1373 cm™.

This acidic part was transformed into its methyl ester with trimethﬂsilyl
diazomethane by methylation method. The methyl ester derivative was further
analyzed by GC-MS (DB-35 column). The GC-MS spectrum (Figure 4) gave two
major peaks with retention time of 8.40 and 9.26 minutes. The corresponding
molecular ion peaks were observed at m/z 270 and 298, respectively. The mass
spectra (Figures 5-6) compared with NIST databases were well corresponded to
methyl palmitate and methyl stearate.
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According to the chemical reaction, spectroscopic data and GC-MS analysis, it
could be concluded that Mixture 1 was steroidal ester. The steroidal part of Mixture 1
was a mixture of stigmasterol and B-sitosterol and the other part (acidic part) was a

mixture of palmitic acid and stearic acid.

Hexadecanoic acid_(palmitic acid) ' Octadecanoic acid (stearic acid)
i1 .

-
- .

“&' ——

3.4.2 Purification, prepertles and structural elucidation of Mixture 2

Mixture 2 (1. 19 g, 0.54% w/w of ethyl acetate extract) was eluted with 100%
dichloromethane and ;repéated .column. chromatography_with dichloromethane in
hexane (10:0 to 4:1Y solverit system' (se¢ Tables'3.4-3.5). Thi§ mixture was inactive
under UV light and in 10% H,SO# ethanolic solution. The white amorphous solid
obtainéd after recrystallization with a mixture of hexane-ethyl acetate-and its melting
point was 61-62°C. It showed negative tests to Liebermann-Burchard’s and Br; in
chloroform reagents which signified the characteristic of saturated hydrocarbon and
no steroidal moiety present in this mixture.

The IR spectrum (Figure 7) showed an absorptfon peak belonging to C=0
stretching vibration of ester at 1704 cm” (s) and C-H stretching vibration at 2914 and
2844 cm™. The C-H bending vibration of CH, was exhibited at 1459 cm™. In addition,
the absorption peak at 719 cm™ was due to CH (for chain, 4 carbons). From this
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spectroscopic data, Mixture 2 was identified as a mixture of saturated long chain

aliphatic ester.
H3C
m O/mn\CH 3
Mixture 2
3.4.3 Purification, propertles al elucidation of Mixture 3
This mixture (1.50 g%% w/y tate extract) was isolated from

ethyl acetate crude ex

ge colunﬁr‘vhiqmatography eluting with 90%
d zgcrystalﬁied.m chloroform and methanol
06 ) This mixture could not be detected on
TLC under UV light, bu -ot éo d b vxsullzed w1th 10% H,S0y4 in ethanol.
Reacting with Lieberm atd’ a{ I dﬁt, it Showed blue-green color solution,
which indicated the characgeristic g:f §tcr com oﬁnld "The GC-MS technique was
used to analyze for the str of gllétco ition in this mixture.

The GC-MS spec (ﬂ'fgmes 8- 1@ 4 peaks at retention times of 7.33,
7.60, 8.26 and 8.49 minutes, m_}h— the mo.m:mn peak at m/z 400, 412, 414 and
412, respectively. 1113 mass fragmentatlon m four components were
well matched and orresponded to Ipes
fucosterol (NIST databal:e) The %composition of each suroid analyzed by GC-MS is

S“°“‘”“"‘ﬁummmwafm'§

dichloromethane in e

to obtain white powde

rol, B-sitosterol and

Table 3.9 The composxtlon of steroids in Mixture }_:_ Y,
)

" Campesterol 1.33 29

Stigmasterol 7.60 27

B-sitosterol 8.26 | 25

Fucosterol 8.49 19

From Table 3.9, it could be concluded that Mixture 3 was a mixture of

campesterol, stigmasterol, B-sitosterol, and fucosterol. It was also observed that the
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composition of campesterol, stigmasterol and B-sitosterol were in comparable amount
in this mixture while fucosterol being a minor component. The structures of each

component in Mixture 3 are shown below.

‘a Mixture,3
AUYINENINYINT

3.4.4 Pufification, propertleé and structural elucidation of Compound 1

TR A

compound, silica gel column chromatography using 30% hexane in ethyl acetate as

mobile phase, and chromatotron were employed to ultimately gain as yellow
amorphous solid. The yellow small needle m.p. 274-275°C, 30 mg, 0.014% w/w of
ethyl acetate extract, was obtained after recrystallization with a mixture of acetone-
methanol. It showed a yellow single spot with R¢ value of 0.49 (solvent system: 20%

ethyl acetate in dichloromethane).
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Its IR spectrum (Figure 13) showed a major absorption band of hydroxy group
at 3000-3500 cm™. The strong absorption peaks at 1661 and 1610 cm™ revealed the
presence of o,B-unsaturated carbonyl functional group and the characteristic
absorption peak of aromatic moiety was observed at 1501 cm™. In addition the strong
absorption peak of C-O stretching vibration was detected at 1171 cm™.

The EI mass spectrum (Figure 14) of this compound gave a molecular ion
peak at m/z 286 in accordance with a molecular formula Cy5H;00s (MW. 286.24). The
base peak and the pattern of fragmentati’oﬁ ere similar to the characteristic mass
spectra of flavonoid compounds.” /"’4

The '"H-NMR spectﬁ.xm of Compound 1 (’ﬁﬁso-dé, Figure 15) exhibited two
doublet aromatic proto@;‘ ith 2H integration at'$ 6.93 (1H each, d, J = 6.90
Hz) and 8.11 (1H, d, J=6. ,s(Ir,,,-ad ition, two singlet signals with 1H integration

appeared at 8 6.41 an

2040
of hydroxy groups were exhibitedat 57.68; 9.42, 10.15 and 12.50 ppm.
The *C-NMR and -135 ‘spéctra (DMSO=d;, Figures 16-17) signified
that Compound 1 possessed a d&o’ﬁg‘ skelé}ﬁn‘%ased on total 15 carbons. The carbon

1g-positioned aromatic ring proton. The four signals

A

signal, however displayéd y Lﬁ‘ﬁignals;';g?eciause of two methine carbons signals

rerdesd

"'J'Z':',- -
being co-incidence at the same ehemical shift: 6 115.5 and 129.9 ppm. The ketone

=i ‘-"’-_"i:_ r:."‘f.—-..‘-‘l..'
carbonyl carbon cleafly showed the signal at & 176.5 prm, which revealed the
characteristic featur'é st a flavonol compound (tetrahydroxy! avone). The quaternary

carbon signals of aro'm?:z}ic ring were detected at & 147.25nd 157.4 ppm, respectively.
In addition, five quaternary carbon signals in flavonol skeleton were observed at &
164.7, 161.7, 159.9, 122.9'and 103.8 ppm ‘and two methine carbons of aromatic ring
appeared at & 98,5 and 93.7 ppm.

Moreover, the 'H-tH COSY, spectrum (Figure 48) supplied-informative data to
prove the actual ‘structure of this’compound. The proton of aromatic tings at & 6.93
and 8.11 ppm were correlated with the protons of benzene ring. From the spectral
data, it could be concluded that Compound 1 was a flavonol compound containing
four hydroxy groups. The 'H and *C NMR chemicai shift assignments of this

55-56

compound compared with those of kaempferol reported in literature™ ™" are illustrated

in Table 3.10.
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Table 3.10 The comparison of 'H and '*C chemical shift assignments of Compound 1

with kaempferol’ ot

Chemical shift (ppm)
Position Compound 1 Kaempferol
TH-.NMR BC.NMR TH-NMR BC.NMR
2 - 136.6 133.5
3 9.42 122.9 * 122.6
4 . | 187.0
5 12.50 12.52 160.6
6 6.20 wm— 97.6
(1H, d, J B 7
7 7. 165.2
8 6. 97.3
(1H, d,J=2.0 '
9 - 160.7
10 < P 105.0
1 - = 147.0
J'L:L-'
2 8.11 . 127.6
g:"/ N - -
(2H, d, = 6.89 Hz) |
§
3 g ‘ 115.6
(2H, d, J%}s.ém-lz)__ , 87 =9 Hz)
4’ 10.15 157.4 s 156.5
o [V2 .
" ! f ‘ 115.
" AREATEE VT
(2H, d, J = 6.90 Hz) ,d,J=9Hz)
6' 127.6

9

q

WA RS

I R

* not reported
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From the above spectroscopic data, Compound 1 can be deduced as 3,4,5,7-
tetrahydroxyflavone or kaempferol. Its structure is shown below.

The EI mass Speci (Figure | “*,, ”’\\_\”- the proposed structure of

fragmentation pattern wa d, as she v 'Scheme 3.3.

Compound 1. It revealed th +. The possible mass

ﬂuEI’JVIEWliWEI’]ﬂ‘i
QW’]MH‘?WNW]‘W]EI’]&EI

121040680
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Scheme 3.3 The proposed mass fragmentation pattern of Compound 1
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3.4.5 Purification, properties and structural elucidation of Compound 2

The yellow liquid of Compound 2 (11.64 g, 37.45% w/w of alkaloid fraction)
was isolated from Fraction AC2 of alkaloid portion by eluting with 10% methanol in
chloroform and repeated column chromatography by eluting with 15% methanol in
chloroform. It was further purified with sephadex by using 50% methanol in
chloroform as a mobile phase. Its spot on TLC can be detected by dipping with
Dragendorff’s reagent with R¢0.63 (20% methanol in chloroform).

The IR spectrum of Compound 2 (Figure 19) showed the O-H stretching band
at 3200-3400 cm™'. The absoption peak o (??_ﬁ:gretching of epoxide and aromatic
was detected in the same range at 3027,cm . in addition, the C-H stretching of CH,
was observed at 2938 em™ The strong absorption peak at 1727 cm’ revealed the

presence of o, unsa:fi't’é/f{sters and-\ the characteristic absorption peak of C-O
1050

stretching was detecte cm Furthetmore, the medium absorption peak of C-

H stretching of N-CH; appeare |

11_75 Qm "'and the absorption peak of epoxide was

Nor

ad idd
(CDCls, Figure 20) exhibited a multiplet signal of

\

found in the finger print af 85
The 'H-NMR spe
protons in aromatic ring at & .2545;;‘m (SPb.rghe multiplet signal with integration of
two protons detected at & 3.74 gi:ﬁﬁj;bould'ggéigned for protons on carbon bearing
an electronegative atom such-as OH grouﬁj(_c‘ﬁf'-‘OH). The chemical shift of a-ester

proton (2’ position)zj Nj)roton signal of alicyclic
ring displayed a singlet signal of methine proton at 8 3.10 and 2.96 (1H each, s), two
singlet signals of methine protons of epoxide at & 2.65 ‘and 3.38 ppm. The multiplet
signal of equatorial proton/of methylérne group appéatediat:d 2:10 ppm while a pair of
axial proton displayed as doublet signals at & 1.51 (1H, d, /= 15.19 Hz) and 1.28 (1H,
d, J = ¥5.31¢Hz): The multiplet-signal ofimethine proton linked,with exygen ester at &
4.97 ppm and the additional singlet signal with integration of three protons appeared
at 6 2.37 ppm could be assigned for methyl group connected to N atom (CH3-N). The

OH broad signal appeared at 2.27 ppm.

The *C-NMR spectrum (CDCls, Figure 21) displayed twelve carbon signals
which could be assigned as follows: the carbonyl ester carbon at 171.8 ppm, five
methine aromatic carbons at & 128.0, 128.9 (2C each) and 127.9 (1C) and one
additional quaternary carbon at & 135.7 ppm. The signals at & 54.4 and 63.8 ppm
could be assigned for C-2' and C-3' which linked with OH group, respectively. In
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addition, the methylene and methine signals of alicyclic ring were detected at & 30.6
and 57.5 ppm, respectively. The chemical shift at  56.3 ppm could be assigned for
epoxide carbon in alicyclic ring. The signal at § 66.7 ppm consistant with a carbon
directly connected to -OCOR and additional alkyl amine carbon was observed at 41.8
ppm. Gathering from all spectroscopic data obtained, it was found that this compound
should be a tropane alkaloid, scopolamine. The structure is shown below.

In addition, the 'H-"H COSY spectrum (Figure 22) showed that the H-2 and

ey

H-4 protons in axial positibn d'to the H-2 and H-4 protons in an
) .. LT A S oy
equatorial position. ,Ee cquat'orté"ﬁ/-i-- and H-2 protons were also correlated to H-3
! il » A ,
and H-5 protons. |.’-r-_---.____-l-l:_;;.____: S-eoiielated \3 -3’ proton. On the other

hand, the H-1 and N};s@:o | p with H-6 and H-7 protons.
The 'H and *C chemical shift assignments of Compound 2 compared with

e NI NGNS
QRIAINIUNNINIAY
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Table 3.11 The 'H and *C NMR chemical shift assignments of Compound 2 and

reported scopolamine57'60
Chemical shift (ppm)
Positio Compound 2 Scopolamine

n 'H-NMR BC.NMR 'H-NMR BC.NMR

1 3.03 (1H, s) 57.6 2.95 (1H, s) 57.8
2p° 1.99 (1H, m) 30.4 2.05 (2H, m) 30.3
2 151 \ ff/ 1.50

(1H, d,J=15.19) / "J:/;m d,J=10.15)
= -

3 4.93 (2H, %m)‘—“_é - 66-? 499 (1H, m) 66.4
4p° 1.99 (1}%;/ 30)6 2.05 (2H, m) 30.4
4o . / ; ] 1.25

24880 (1H,d, J= 10.00)

5 ) : 3.07(1H, s) 57.8

6 ) T 53 2.65\(1H, s) 55.5

3 3.35 (1H, ' < 3.34 (1H, s) 56.4

9 2.38 (3H, s)}J =1 2.42 (3H, s) 421

¥ _ -4 171.9

2 2L | 44 | WBGEm 543

3 BEAm | 638 3B, m) 639

4 ;' 135.7 : 135.7

5 7.18 (1H, m): 128.9 7.28 (1H, m) 128.5

& | 7asammyd || (1280 727(10, m) 1280

¥ 7.18 (1H, s) 128.0 .7.27 (1H, m) 128.0

* B istequatorial proton

** o is axial proton

The mass spectrum (Figure 23) of this compound showed the molecular ion
peak at m/z 303, which indicated that this compound should contain nitrogen. The

molecular formula was proposed as Cy7HzO4N. The mass fragmentation pattern of

this compound is presented as shown in Scheme 3.4.98°859
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m/z9%4
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Scheme 3.4 The possible masi ﬁ'agmentatlon pattern of Compound 2

AR AN, . o

compound could be deduced to be scopolammc
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Compdu/éf :

3.4.6 Punﬁcatlon,px:opertles a d structural elucldatlon of Compound 3
Compound 3 wq&oﬁfff ed' as yellow hqmd (6.30 mg, 0.02% w/w of alkaloid

with Rg value of 0.82 in"20% ethanol m"'éhloroform as a solvent system. It gave an

LR A
..";J

orange spot on TLC after dip ng m Dragcn}lroﬁ’ s reagent, which is the characteristic
of alkaloid. T 5 j,ea '

The IR spectrum (Fi igure 24} showe&:fhe OH stretching vibration at 3200- 3400
cm™. The C-H stretchhg and bendmg v1brat10n of ahph_au_tf was detected at 2918 cm™
and 1634 cm’ respz‘ctlvely Moreover, the C-O sh'etz_li&ng vibration of alcohol
exhibited at 1042 cm

The mass spectrum (Figure 25) displayed the molecular ion peak at m/z 141,

T

corresponding fo molecular formula CgH;sON. Other significant fragmentation ions
were detected at-124, 113, 96 and 83, The pattern was found to be similar to that of a
tropan€ alkaioid.

The "H-NMR spectrum (CDCL, Figure 26) demofistrated the broad with 1H
integration signal of hydroxy proton at 5.08 ppm. The spectrum also showed the
presence of an alicyclic ring, which could be assigned as follows: the methine protons
showed singlet signal at & 3.27 of H-1 and H-5 and triplet signal at 6 4.10 (1H, t,
J = 5.04 Hz) of H-3. Moreover the doublet signal of a methylene proton at & 2.40 (1H
each, d, J = 14.60 Hz), could be assigned for an equatorial proton of H-2 and H-4.
While an axial of H-2 and H-4 proton showed a doublet signal at  1.77 (1H each, d,
J = 14.64 Hz). In addition, other methylene protons as two multiplet signals appeared
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at 2.08 and 2.19 ppm, could be designated as equatorial and axial protons of H-6 and
H-7, respectively.

The *C-NMR and DEPT 135 spectra (CDCl3, Figures 27-28) exhibited five
alicyclic ring carbon signals which could be assigned as follows: two methylene
carbon signals at & 26.1(2C) and 39.5 (2C), two methine carbon signals at 8 61.3 (2C)
and 64.6 (1C). The methyl of amine displayed a distinctive signal at 40.6 ppm. The 'H

and ®C NMR chemical shift assignments of Compound 3 compared with tropine”® %
are illustrated in Table 3.12. A\ //
Y,
Table 3.12 The 'H and BC.NMR chemiical shii‘f:ssignments of Compound 3 and
reported tropi’ﬁé‘.’rf ffo/ { -
/// Ch}mlcal shift (ppm)
Position *Co d 3, P Tropine
7771 7 NN~
1 327 }hﬁ [ ¥ @;3 3.06 (1H, s) 60.4
20, 1.7 Sl 33.:& g 179 39.1
(1H, d,J= 1464 Hz) ,ﬁ:. (1H, d,J=16.80 Hz)
2 232 e 2.09
(1H, d,J=14:60Hz) | . g, J= 1600 Ho)
3 1 ﬁ - —6+6——:§j10 63.6
(1H, t, 7= 5.04 Hz) (1H], V= 4.00 H)
4 7 39.5 =179 39.1
(1Hy d; 4= 14,64 Hz) (H,d; J= 16:80 Hz)
48 2:32" 2.09
A (1H,d, J=14.60 Hz) @H, d,J= 16.00Hz)
5 327(1H, 9) 613 1310615, | 60.0
60t 2.08 (1H, m) 26.1 1.98 (1H, s) 25.8
6B 2.19 (1H, m) 2.08 (1H, s)
7o 2.08 (1H, m) . 26.1 1.98 (1H, s) 25.8
7B 2.19 (1H, m) 2.08 (1H, s)
N-CH; 2.40 (3H, s) 40.6 2.25 (3H, s) 40.2
OH 5.08 (1H, b) A

* not reported
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From the above spectroscopic data, it could be deduced that this compound
should be a tropane alkaloid bearing one hydroxy group. The possible structure of
Compound 3 is illustrated below 9

. "#ﬂ

peak at m/z 141 and a , N 10NS z 124, 113, 96, 83, and 82.

\\‘;\‘\.\\

ve an expected molecular ion

| in Scheme 3.5.49%!

4=
N/_|

The possible mass

-m/z 124

-
@ﬁammwm@

?ﬂﬂ‘imﬂl‘ﬂﬂﬂﬂfzﬂﬂﬂ

O @

m/z 82 m/z 83

Scheme 3.5 The mass fragmentation pattern of Compound 3
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According to spectroscopic data and fragmentation pattern, it could be

concluded that Compound 3 was tropine. The structure is demonstrated below.

P

Isolation and purific:

Fractions AC1<3, separation of an alkaloid
fraction by using chlozeformn ! bile phase and purified by
reversed-phase HPLC withs Ee 7?*- RCI18. c n (250 mm length) using

methanol in water as an gluent. | i , rate was 1. ‘mL/min, the injection volume
was 250 pL. UV at 254 nmyvas used as a detector. After fractionation by HPLC using
50% methanol in water as ¢ s could be obtained as presented

in the chromatogram in Fig

N9
’f‘i HIR

[* ]
6 min

-

Figure 3.4 HPLC chromatogram of Fraction AC1-3
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3.4.7 Properties and structural elucidation of Compound 4

The yellow liquid, (2.0 mg, 0.006% w/w of alkaloid fraction) was isolated
from Fraction AC1-3 of alkaloid fraction with retention time of 4.1 min by HPLC. It
showed only yellow spot on TLC after dipping in Dragendorff’s reagent with R¢ value
of 0.80 (20% methanol in chloroform). The IR spectrum (Figure 29) of this compound
showed OH stretching of alcohol at 3200-3500 cm™! and C-H stretching of aliphatic at
2926 cm™. The strong absorption peak of carbonyl of ester was detected at 1723 cm’
and C=C stretching showed weak absorpﬁ t 1653 and 1447 cm™ . Moreover two
strong bands ascribed for C-O stretching WZ
1066 cm’™. ~— - ‘ 3

ed at low frequency at 1194 and

Since this com;?nﬂ -Obtaibed in such a small amount, the complete
structural elucidation eould sot-be posélble However, this compound should be a
'mlcal structure of this compound was different

derivative of scopol
from scopolamine only i ‘

stucture is shown below.

Compound'4

3.4.8 Properties and structural elucidation of Compound 5

Compound 5 ds yellow'liquid (4.0 mg, 0.013% wiw of alkaloid fraction) was
obtained from Fraction AC1-3 by HPLC technique. This compound showed a sharp
peak on chromatogram at retention time of 4.6 min. It showed one spot on TLC after
dipping with Dragendorff’s reagent with Ry value of 0.84 (20% methanol in
chloroform). Its IR spectrum (Figure 30) showed strong peak of carbonyl of ester at
1719 cm™ and OH stretching at 3200-3500 cm’. Moreover the C-O stretching of ester
was detected at 1198 and 1050 cm™ and C-H stretching at 2938 em’. The C=C
stretching of aromatic ring absorption was detected at 1642 cm™ and C=C stretching
of alkene showed absorption peak at 1439 cm’. The GC chromatogram (Figure 31)
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displayed the major peak at retention time of 24.79 min, which was in good
agreement with molecular ion peak at m/z 285, calculated for Cy7H;9O3N (F igure 32).
The *C NMR spectrum (CDCls, Figure 33) displayed low intensity signals of
=0 at § 166.0 ppm, olefinic carbons at § 142.5 and 122.5 ppm, and aromatic carbons
at & 128.5 and 137.0 ppm. The signals 6f tropane ring could be observed as five
characteristic signals and could be assigned as follows: methylene and methine
signals of tropane ring at § 31.6 and 58.7 ppm, respectively and an epoxide carbon at
8 56.8 ppm. The signal at 8 67.4 ppm consis(?it ith a carbonyl ester in alicyclic ring
and additional alkyl amine carbon was obser\fed_"_g.f&f42.8 ppm. From the spectral data
accessed, it was found thaLthjgossible structure ofit;is compound should be another

derivative of scopolamirV : -
Y spectra (CDCl3, Figures 34 and 35) exhibited the

m and signals of olcfinic protons at & 5.98 and

of

those in a tropane ring of s p&lﬁﬁine, %éh could be assigned as follows: the

; Thetgegnic proton displayed the correlation in

ypane ring revealed the signals similar to

signals of methylene protons of H;—Z"'_Jarnd H ,
Wb

1.67 ppm (m, 2H each) for the m‘&lfprotomnd?f a multiplet signal at § 2.3 ppm (m,

2H each) for equatorial protondS.'Méihine pfé’ﬁn;_;f H:6 apd H-7 revealed the signal

g —a
at & 3.07 and 3.74 ppiti (1F each; s); Two methine protons of H-1 and H-5 could be

detected at & 3.38 and__:“s:l48 ppm (1H each, s) and the s@Enal at & 5.20 ppm (1H, m)
was assigned for the proton of H-3. Methyl, protons attached to N- displayed the

signal at § 2.62 ppm (5, 3H).

The 'H and *C spectra of Compound 5 revealed the similar pattern to those of
Compound 2. The different peak that differed from Compound 2 were the peak



47

belonging to a substituted group at C-2'. The CH,OH group at C-2' in Compound 2
was replaced by the olefinic group in Compound 5. The comparison of 'H and “cC-
NMR chemical shift assignments of Compounds 2 and 5 are reported in Table 3.13.
According to the spectroscopic data, it could be concluded that the possible
structure was aposcopolamine with the molecular weight of 285.34. The EI mass
spectrum (Figure 32) also supported the proposed structure of Compound 5. It
revealed a significant molecular fragmentation ion at 285 (M"). The ester function
m the molecular ion, giving rise to
d m/ 4 ively. Cleavage of the 1,7 and 5,6
bonds of the symmetrica edﬂropam-"—-_;hs, followed by the loss of
tncfi stable N-methylpyridinium
cation (m/z 94). The fragmei . cared at m/z 103. Other fragmentation ions

AUINENINYINT
ARIAINIUNNINY I
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Table 3.13 The 'H and '>C NMR chemical shift assignments of Compounds 2 and 5.

Chemical shift (ppm)
Position Compound 2 Compound 5§
TH-NMR BC.NMR TH-NMR BC.NMR

1 3.03 (1H, s) 57.6 3.48 (1H, s) 58.7
28’ 1.99 (1H, m) 30.4 2.30 (2H, m) 31.6
20" 1.51 1.67 (1H, m)

(1H, d, /= 15.19 Hz). \\\' [ /

3 4.93 (2H, n&c;r}” 66. 5.20 (1H, m) 67.4
4p° 1.99 AH M= 0.6;:20 (2H, m) 31.6
4o 1.28 W "--»;\Q(m, m)

(1H,d,J=1 N

5 2.90 (1H 2.516 |\ "3.38(1H,s) 58.7

6 2.67 (1, N o \e\.ot(m, 5) 56.8

7 3.35 (1M, s \\31(4(1H,s) 56.8

9 238 3H - ALS, 42.8

1 . f 166.0

2! 4.04 (1H, m) _ 142.5
3'/3'a 3.73.(2H, m) 63.9

%

=

3'b -
| ‘a oy | (1H,d,J=12Hz)

5 7.18 (14, m) ;o 1289 7.40 (1H, m) 128.5

7o TR £ PR B E| s

7 N 7.18 (1H, s) 128.0 7.40 (1H, m) 128.5

* B is an equatorial proton

** o is an axial proton
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! ) +
l ‘l - 1}% —l
m/z=103 . m/z=138

[
B m/z =94 .

R

According to spectroscopie’ data and fragmentation pattern, it could be

concl.quﬁat pound 5] wab Japodcbpolanirie | Thé sinicilie i demonstrated

below.
0
! 4

Compdund 5
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3.4.9 Properties and structural elucidation of Mixture 4

Mixture 4 as white amorphous solid (9.7 mg, 0.031% w/w of alkaloid fraction)
was obtained from Fraction AC1-3 and purified by HPLC. This mixture showed a
yellow spot on TLC with R¢ value of 0.85 (20% methanol in chloroform) visualized
when dipping in Dragendorff’s reagent. Its melting point was 120-125 °C.

The IR spectrum (Figure 36) showed the weak absorption of C-H stretching at
2949 and 2918 cm’. The strong absorption of C=O stretching was observed at
frequency 1716 cm” and C-O stretchjné !9owed weuk absorption at 1042 cm™.
Moreover the C-N stretching and C-H strete }f,epoxy were observed at 1198 and
859 cm™, respectively. < -

The 3C NMR, @3 “and gHSQC spectra (CDCls, Figures 37-39) of
Mixture 4 showed two serigs O -'signals,xwhich copld be assigned as follows: methyl

carbon signals of ami

C-5 at § 58.5 and 58.

)2t 0 43.0 ppm, methylene carbon signals of C-1 and
' bon signals of C-6 and C-7 at 8 56.9 and

56.8 ppm, methylene ¢ and C-4 at & 31.8 and 31.7 ppm and the

carbon signal of C-3 at &
at & 173.6 ppm. In addition the carbons of,f ; tlc signals were detected at & 127.4,
127.6, 128.1, 128.5, 128.9, 130 IT:nd 13HEfapm and quaternary carbon signals of

=~. =

aromatic was appearcsl at & 134 6 137.4 and 145.4 ppm JMoreover the methine and

Aland 67 9 ppgt The earbonyl ester signal was observed
27/

methylene carbon mg,nals of cyclopentyl and cyclohexg jwas observed at & 45.5
(C-2"), 57.0 (C-5") 23.5 ;(C-3'), and 34.5 ppm (C-4") anc}_emethyl signal was displayed
at 29.5 ppm.

The gHSQC and 'H NMR spectra (CDCls, Figures B9-40) also revealed two
series of signals as follows: aromatic protons were detected at & 7.00-7.22 ppm,
methylene'#ind mefhiné protons of tropane ring displayed at 8 1.45)ppm (2H each, m)
for equatorial protons of H- 2 and H-4, § 2.15 (2H each, m) for axial protons of H-2
and H-4, § 2.78 ppm (1H, d, J = 2.8 Hz) or for H-6, & 2.90 ppm (d, 1H, J = 2.8 Hz)
for H-7, 3.05 (1H, m) for H-1, 3.10 (1H, m) for H-5,  2.15 ppm (4, 1H, J = 2.8 Hz)
for equatorial protons of H-2 and H-4, 8 3.22 ppm (1H, d, J = 2.8 Hz), 5 4.98 ppm
(1H, m), and & 5.08 ppm (1H, m). The methyl protons of amine showed two signals at
& 2.45 and 2.50 ppm. The proton of cyclopentyl and cyclohexyl was observed at &
2.00 (2H, m), 1.18 (3H, s), 1.45 (2H, m), 2.15 (2H, m), 2.55 (2H, m), 3.78 (1H, t,
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J=5.6 Hz), 2.78 (1H, d, J = 2.8 Hz). The possible chemical structure of Mixture 4 is

shown below.

Component 1 9 " Component 2

“ Mgture . .

GJ-

—
The complete j% of:th;.protons of Component 1 were established

g
from the analysis of 'H- 08Y, l.H-’Af,NbESY and CIGAR spectral data. In the
i idd

CIGAR spectrum (Figures 41-43), the H-2! showed the correlation with carbonyl ester
b ¥ F ol )
at & 173.4 ppm. Moreover, the @?'Signat&playeq the correlation with C-10", C-3',

4

, in addition, exhibited the correlation

I s 2wl i

C-4' and C-9'. The COSY spectrusm (Figure 41)
between H-2 and H-3'. The H-3' signal displayed the co?elation with H-4' and H-2'
in the COSY spec .‘ n the CIGAR spectrum,

- o ﬁ‘j’o showed the correlation
with the carbonyl esti_r)' C-2" and C-4'. The H-4" was Hanifestly correlated with the

carbonyl ester, C-3', C-§/, and C-6'. Moreqver, the arorhatic protons between & 7.00-
7.22 ppm exhibited tthe correlation with C=6', C-2/, C-5';-and\C-11". In the NOESY
spectrum of Miiture 4, the H-2' showed the correlation with H-3' (8x 1.90 ppm), and
H-4' (5 255 ppriv): The aromafic protons‘at 3y 7.20 ppm of C:9' Coupled with the
other arématic proton (8 7.0 ppm) and the methine proton (8y 3.78 ppm) of H-2;. The

protons of tropine moiety displayed the correlation as those observed in Compounds 2

and 5. Other correlation of Mixture 4 is reported in Tables 3.14 and 3.15.
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Table 3.14 The 'H and *C NMR data of Component 1 of Mixture 4

Position e H gCOSY CIGAR
1 583 | 3.05,m,1H | H-20, H-2B C-3, C-2, C-7,N-CH;
20 31.0 | 1.45,m,1H H-2B RN
28 2.15,m, 1H | H-20, H-3, H-1 €8, G, €A1
3 670 | 5.08,m,1H | H-2a,H-2B,H- | C-2,C-4,C-1,C-5C-1’
o, H-4
4a 310 | 145,miH {1 ‘ C-3,C5, C-I'
4B 2.15,m, 10 | H-4cF C-3,C5, C-I'
5 58.5 |H-4a,H4p. | C-3,C-4,C-6,N-CH;
6 56.8 | ‘5 CH6 C-5
,:-\,
a ] '\1 % L‘
7 56.9 == ’xY\ C-1
R4 X
¥ <7 #
N-CH; | 43.0 Nt ¥ . RN
1 173.5 i
2 45.5 g c-1', C-3', C-4', C-10, C-9’
y <A
3 23.5 P190-2.05,m : ij C-1', C-10’
. o2m >
| —_— : I
4o 345 [2.15,m,lH | H-3 H4B | C-1,C2,C3,C-10,C-5
4 _
® | eslavityERaang
' ] 7.20, d =" g 8" C-5'
A 50
7’ q 2 . o ’ ] ', e ’ ,C‘6', C'9’
8 128.1 | 7.00,m, 1H H-7', H-9' C-7',C-9'
9 130.1 | 7.20,m, 1H H-8' Ceier, C8, C-1
10’ 134.6*

* Quaternary carbon
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The mass spectrum (Figure 44) displayed the molecular ion peak at m/z 299
(IM]), and other fragmentation ions at m/z 154 (M*-COR), 138 (M'-OCOR), and
129 (R"). The proposed fragmentation pattern of Component 1 is shown in Scheme
3.7.

ﬂusawaﬂﬁwaifi
w'\mniﬁuummﬂma

Scheme 3.7 The proposed mass fragmentation pattern of Componenet 1
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Table 3.15 The 'H and >C NMR data of Component 2 of Mixture 4

Position | °C 'H gCoOSY CIGAR
1 583 3.05,m,1H | H-20, H-2B C-3,C-2, C-7,N-CH;
20t 31.0 145,m,1H | H-2p 03,641, C1
28 2.15,m,1H | H-2a, H-3, H-1 C-3,C-1,C-1°
3 67.0 508,m,1H | H-20, H-2B, H-4a, | C-2,C-4, C-1,C-5 C-1’
P
4o 31.0 145, miH | }d ! C-3,C-5, C-1'
ap 2.15,m 10 H&J—I—S C3,C-5,C-1'
5 58.5 ‘i‘ o C-3, C-4, C-6, N-CH;
6 56.8 71| H C:5
7 56.9 €4
N-CH; | 43.0 C-1,C-5
1 173.5*
> 455 T 54} C-1., C-3', C4, C-10,
ul H,t,J=56Hz 4 e ~ C-9
8’ 235 {3 m, 2H ', H-A'o, Hgg) | C-1', C-10
4a 345 | —2.15,m,1H c-1', C-2', C-3', C-10',
G5
4B ﬂi
5 570 L
AL A an“ﬁgtﬂﬂf Y I
6:"‘%!’15. NITdokoNYI | o 1"5}%1
T 127.4 720,m,1H [ H-7 c-5',C-8,C6,C9
8’ 128.5 722,m,1H |H-7,H-9 c-6', C-9, C-7", C-10'
9' 128.1 7.00,m,1H | H-8', H-10’ c-8', C-10’
10’ 127.6 720,m,1H | H-Y' C-11", C-9
11" | 137.4*
12/ 29.5 1.18,s,3H |- G5, =12

* Quaternary carbon
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The mass spectrum (Figure 44) of Component 2 is similar to that of
Component 1, which displayed the molecular ion peak at m/z 327 (IM]"), and other
fragmentation ions at m/z 154 (M'-COR), 138 (M'-OCOR) and 145 (R"). The

proposed mass fragmentation pattern of Component 2 is shown in Scheme 3.8.

m/z = 145 ey 138

S
AUEINENINGY .
RIANIUNRINEIR Y

Scheme 3.8 The proposed mass fragmentation pattern of Component 2 |
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3.5 The results of biological activities test of isolated substances

All isolated substances from the flowers of D. metel were assayed for
biological activity using brine shrimp cytotoxicity test, plant growth inhibition test,
and molluscicidal activity. In addition, the insecticidal activity against Spodoptera
litura was also conducted using vial contact method. The results of biological activity

study of these substances are reported below.

3.5.1 The results of brine shrimp ytOXiCiW test of isolated substances

z@ested for cytotoxicity with brine

shrimp microwell method. The results are reported in Table 3.16.

Six isolated substances and atropi

— - ;_ | -
Table 3.16 The brine slﬂ/m/%oxicit)&test of iselated substances
Substance I}?/ /fﬁ?ﬁpqu% (ppm) Activity

Mixture 1 / / fl Q60: Not toxic
Mixture 2 / [ [ >1000 G Not toxic

Mixture 3 [ 88&59 2k 4 Low
Compound 1 v 134:81 u'fu. | Low
Compound 2 4 ""_1_13.70 é::ﬂ Low
Compound3 | ot test AT Not test

Atropine ~ ;, >1000 f; Not toxic

. adl
Note: 0-10 pg/mL; Hfgh toxicity, 10-100 pg/mL; Moderate toxicity

100-1000 pg/niL, Low toxicity, >1000 pg/mL; No N“’toxwlty

From the above data, a mixttre of steroidal ester (Mixture 1) and a mixture of
long chain ester did not exhibit cytotoxic activity-against brine shrimp. On the other
hand, a mixture ofisteroids (Mixture 3).showed low eytotoxicity:(LCso 888.59 ppm)
and kaempferol (Compound 1) displayed medium cytotoxic activity against brine
shrimp. The medium cytotoxic activity of ethyl acetate extract revealed the
corresponding correlation with the result derived from isolated substances. Thus,
Compound 1 was the best candidate possessing cytotoxic activity in ethyl acetate
extract. In addition, Compound 1 was preliminarily tested for anti-oxidant activity
with DPPH solution, and revealed the positive test for this regard. Scopolamine
(Compound 2) exhibited low cytotoxic activity (LCso 313.70 ppm). The activity result
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of Compound 2 was also in good agreement correlated with that obtained earlier from
the alkaloid fraction. Atropine, isolated from the leaves of D. metel, was another
substance tested. It did not show cytotoxic activity against brine shrimp.

3.5.2 The results of plant growth inhibition on Lactuca sativa L. of isolated
substances

From the purification of various crude extracts, six substances were isolated.

Five substances including a mi ster, a long chain ester, a mixture of
steroid, kaempferol and sco d for plant growth inhibition on
L. sativa. The results are r at‘)y:s igure 3.5.

Table 3.17 Plant gro

--"""—' | “""-'

Substance _par 7 i bl 7-: of Al ous concentration (ppm)

\ 00 1000

= ll%ﬂk\‘ .
4 1 [ Ykl 34

Mixture 2 Rot G STadl, 59 20
Shoot |-~ 8§ A T 20

Mixture3 | Root =20 7
%. Shoo! -41

Compound 1 “ﬁoet,ﬁ__‘ -3
13

Compounﬁ 91
30

ama\mmumqwmaﬂ
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i M 10 ppm 91

80 - M 100 ppm

[ 1000 ppm

40 4 ¢

‘élim ANTIIE um NYLE™

00

Figure 3.5 The result of isolated substances on A) root growth inhibition and B) shoot
growth inhibition against L. sativa.
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From the above data, Mixture 1 (steroid ester) and Compound 2 (scopolamine)
displayed increasingly inhibition activity on the root growth when the concentration
was increased. Other isolated substances showed different trend of activity on the root
growth. For instance, a mixture of steroid (Mixture 3) showed increasing promotion
activity when the concentration was increased. Thus, Compound 2 and Mixture 1
revealed the best inhibition activity on root growth inhibition. Besides, Compound 2
revealed a good trend of activity on sﬂ?t growth inhibition. The comparison of
activity between alkaloid fraction and 2 revealed that Compound 2
exhibited higher inhibition activity tham alkaloid fraction. In the case of ethyl acetate
extract and isolated substances: .
trend of activity. ‘

m this extract, it'was found to display the same

4 T0-03 .

lhx_sci.iidal activity against P. canaliculata of
o

i idad

Seven isolated substanoes fiom flowers and leaves of D. metel including

3.5.3 The results

isolated s

-

steroid ester, long chain ester, a..Iﬁi)cturéfAf. steroids: kaempferol, scopolamine and
T ===ay )
atropine were tested for molluseicidal aé@{.&gainst P. canaliculata (gloden apple

snail). The results are exhibited-in Tablc 3.18 and Figure 3.6.

Yoo f —x3
Table 3.18 Mortalit::'ijif P. canaliculata at 72 hours ;“J
Substance **Jl % mortality of snail‘at 72 hours
‘ 10'ppm 100.ppm . | ,1000.ppm control
Mixture 1 ol T 0 0l ¢ 0
Mixture 2 0 { 0 0 0
kNN (TH AN TV 0
Compound 1 0 0 22 0
Compound 2 22 56 78 0
Atropine 0 11 22 0
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807 Mo ppm
i M 100 ppm
i 1000 ppm
50-
404
30
20-
10-
0
Mixture 1
Figure 3.6
The toxicity of‘isolated s st Ces, Wi d‘%gainst golden apple snail.
A

The results of percent morta entration of 1000 ppm, 100

+ '3 3
oy E e

ppm and 10 ppm, were/22%, 1 Eﬁ; and ( tively. On the other hand,
Compound 2 displayed more mmgumg results, It expressed 78%, 50% and 22%
mortality at concentration of 1 9_93;1599 and ] 0 i pm, respectively. The last compound,
found in the leaves‘:gf D. metelhv;vas aﬁopmsgljs displayed the percent
mortality of 22%, '*r"?— 1000, 100, and 10 ppm,

respectively. From thisjesuﬁ',‘ i cluded th@scopola:mne and atropine

exhibited molluscicidal agtivity against P. Ualiculata more than other substances

';ested While lﬁn%ﬂ @Wﬁ%@j Wrﬂ.@:ﬂfjcanahculam at 1000
AR AN G 1TETWie) (1T (TR

isolated compounds
The selected compounds from the alkaloid fraction namely scopolamine,
atropine and tropine were assayed for insecticidal activity with vial contact toxicity

method. The results are displayed in Table 3.19 and Figure 3.7.



Table 3.19 Mortality of neonate larvae of S. litura.
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mg/vial Atropine Scopolamine Tropine
Died Percentage Died Percentage | Died Percentage
0.01 19 42 14 31 24 53
0.05 18 40 10 26 25 56
0.1 19 42 19 42 28 60
0.5 18 40 27 60 35 78
1.0 22 | 43 96
% Mortali
100 A
—— Tropine
80
—— Scopolamine
60 -
—&— Atropine

“mgiial
AU ANENINIIDS..
Rl 0 ] B o | opanine,

atropine,qand tropine towards neonate larvae of S. litura was observed. Tropine was

highly active causing significantly increasing mortality of larvae when the

concentration of sample increased. Other compounds displayed unsatisfied results

regarding the toxicity against S. litura. Calculating by Probit analysis program, the

LDy, of tested compounds are reported in Table 3.15.
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Table 3.20 The LDs, of selected compounds against S. /itura by contact toxicity vial
test.

Compounds LDsy (mg/vial)
Atropine 1.44

Scopolamine 0.47
Tropine -0.05

In this experiment the dos

N

E 'r' ! d were ranged from 0.01-1.0 mg/vial.
Tropine was the most active H ounds in” i loassay with LDso of —0.05 that

—

meant the dose range performing in thi Xperi jas not proper for tropine. Thus,

the dose ranged should be 0.0€ QLA ine and atropine were other
.{ | \3\\
\ .

active compounds wi

ﬂﬂEJ’JVIEM‘iWEJ’]ﬂi
Qﬁﬂﬂﬁﬂ‘immﬂﬂﬂﬂﬂﬁﬂ
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