CHAPTER III

RESULTS AND DISCUSSION

Three species of Euphorbisceac weeds were selected for preliminary screening
on rice growth inhibition activity.

3.1 The Results of Extraction.
The air-dried samples were milled to course powder and extracted with organic
solvent according to the procedure described in Chapter I . The results of extraction

are shown in table 3.1

Table 3.1 Yield of crude extract by various solvent of studied species.

1 ‘/

Plant Plant | Weight of solvent Yield

part Plant (g) ®

E. hirta aernial 1,000 hexane 10.71
| ‘ ethanol . 83.20
dichloromethane 7.30

cthyl acetate 0.48

butanol 0.44

residue 4979

E. heterophylla leaves 1,000 hexane 17.50
ethanol 121.91

dichloromethane 2412

cthyl acctate 0.91

butanol 7.33
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Table 3.1 (Cont.)
Plant Plant | Weight of solvent Weight of
part Plant (g) crude extract(g)
residue 4017
E. heterophylla stem 1,000 hexane 21.26
cthanol 67.27
dichloromethane 6.41
cthylacetate 091
butanol 1.71
residue 8.26
E. heterophylla root 500 hexane 6.75
ethanol 16.93
dichloromethane 1.46
ethylacetate 0.11
butanol 2.56
residue 9.82
E. thymifolia aerial 1,000 hexane 2532
| “ethanol 130.22
dichloromethane 12.31
cthylacetate 2.88
butanol 5.75
residue 20.94
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3.2 The Results of Biological Activity Screening Tests with Carcinoma
Cell lines

3.2.1 Ethanolic Crude Extract
The preliminary screening test of the ethanolic crude extract of E. hirta and
E. heterophylla on seven carcinoma cell lines were presented in Tables 3.2 and 3.3.
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Table 3.2 Inhibitory effect of ethanolic crude extract of E. hirta on carcinoma cell lines

Concentration (Jlg/ml)
Cell liqcs 1 10 100 Estimation
BEL-7420 10.72 0.66 17.91 -
BGC-823 15.51 16.57 51.51 +
HCT-8 ~-1668 13.72 60.13 +
HL-60 -1.38 -4.31 24.57 -
KB 18.71 27.54 56.52 +
B 14.52 25.24 70.46 +
T 4.66 24,92 4498 -
Note: BEL-7402  Human Hepatocellular Carcinoma
BGC-823 Human Gastric Carcinoma

'HCT-8 Human Colon Carcinoma

HL-60
KB
B

T

Human Leukemia Carcinoma

Human Nasopharyngeal Carcinoma
Proliferation of Mouse (B) Lymphos%yto

Proliferation of Mouse (T) Lymphocyte
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Table 3.3 Inhibitory effect of ethanolic crude extract of E. heterophylla on carcinoma

cell lines
Concentration (flg/ml)
 Cell lines 1 10 100 Estimation
BEL-7420 - | 846 -4.10 6.40 -
BGC-823 2.26 7.19 1837 .
HCT-8 -4.57 3333 50.47 +
HL-60 2.99 -4.97 46.81 -
KB | 2688 28.85 15.15 -
B 20.46 34.48 62.21 +
T ' 466 24,92 44,98 | .

Note : BEL-7402  Human Hepatocellular Carcinoma
BGC-823 Human Gastric Carcinoma
HCT-8 Human Colon Carcinoma
HL-60 Human Loukemia Carcinoma
KB Human Na'sophatyngeal Carcinoma
Proliferation of Mouse (B) Lymphocyte
T Proliferation of Mouse (T) Lymphocyte
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The ethanolic crude extract of both E. hirta and E. heterophylla showed activity

against some carcinoma cell line (table 3.1 and 3.2). Thea they were further studies by

extracting with various solvent, then test with Human Hepatocellular Carcinoma.

3.2.2 Various Crude Extract on Human Hepatocellular Carcinoma

The extracts from various solvent were tested with Human Hepatocellular

Carcinoma and the results was showed in Tables 3.4-3.9.

Table 3.4 Percent inhibition of Human Hepatocellular Carcinoma (Bel-7402)

Concentration (Lg/ml)
Plant Solvent Estimation
1 10 100

Euphorbia hirta CHCl, | -1466 | -15.88 -13.54 -
EtOAc -1.63 -5.19 -5.60 -

BuOH -15.37 -10.18 -12.42 -

E. heterophylla CHCL, | -845 3.56 54.88 +
EtOAc -11.50 8.96 61.96 +

BuOH -16.29 -6.21 22.19 -

H,0 -21.78 -16.15 19.70 -
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Table 3.5 Percentage inhibition of Human Nasopharyngeal Carcinoma (KB)

Concentration (JLg/m!l)
Plant Solvent Estimation
1 10 100

Euphorbiakina | CHCL, | -274 | -403 7.03 -
EtOAc -2.19 -4.65 -2.84 -

BuOH -6.36 -3.51 -0.05 -

E. heterophylla CHCL | -898 | =921 | 43.60 -
BtOAc -6.80 3.76 49.41 -

‘BuOH -5.52 -2,52 25.65 -

HO | 957 | 029 15.08 -




Table 3.6 Percentage inhibition of Human Gastric Carcinoma (BGC-823)
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Concentration (lg/ml)
Plant Solvent Estimation
-~ 1 10 100 |
Euphorbia hirta CHCL, | -2626 | -2181 | -12.50 -
BtOAc 7.96 -5.63 -9.90 -
BuOH -9.51 -13.79 -1.38 -
E. heterophylla CH/CI, 3.11 -1.36 17.09 -
EtOAc -26.83 <3049 | -9.76 -
BuOH -3.073 -19.02 -22.20 -
HO -?0.00 -28.29 0.73 -




Table 3.7 Percentage inhibition of Human Leukemia Carcinoma (HL-60)
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Concentration (JLg/ml)
Plant Solvent Estimation
1 10 100

Ephorbiakirta _( CE,CL, | o0 | 630 | 1370 | -
EOAc | <720 | -1260 | 330 -

BuOH | 064 | -1280 | 230 -

E heterophylla | CHCL | 448 | 300 | 2110 -
EtOAc '|* 150 | 620 | 19.40 -

BuOH | -2030 | -1580 | 930 -

HO | 3234 | 2263 | -1426 -




Table 3.8 Percentage inhibition of Human Colon Carcinoma (HCT-8)
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Concentration (JLg/ml)
Plaat Solveat Estimation
1 10 100
Euphorbiakima | CHCL | -2236 | 492 | 421 -
EtOAc | -1536 | 628 | 1032 -
BuOH | -379 | -243 | -272 -
E. heterophplla CHCL | 569 | 533 6.70 -
EtOAc | 444 | -1115 | 029 -
BuOH | 473 | 604 | 3024 .
H,0 12.04 9.04 15.07 -
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Table 3.9 Pércentage inhibition of Human Erythroleukemia Carcinoma (K-562)

Concentration (Jlg/ml)
Plant ~ Solvent Estimation
1 10 100 |
Euphorbia hirta CH.Cl, 8.95 13.65 57.81 +
i?.tOAc 13.65 1815 | 4799 -
BuOH 12.84 7.59 40.95 -
E. heteraphylla CHCL | 1331 | 1368 | 5898 +
EtOAc 16.27 14.16 69.97 +
BuOH -3.80 6.34 92.60 +
H0 909 | 7463 82.24 ++
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Almost of all solvent of E. hirta showed negative inhibitory effect on all
carcinoma cell lincs, except Human Erythroleukemia carcinoma (K-562). The
inhibitory effect of dichloromethane, qtliyl acetatc and butanol extract show strong
cffect at higher concentration. But only dichloromethane extract showed more than 50%
inhibitory effect (+ estimation) (Table 3.9). |

All various solvent extract of E. heterophylla showed positive inhibitory effect
on almost all carcinoma cell lines. The inhibitory effect is increasing by the higher
concentration. But only dichloromethane and ethyl acetate extract showed more than
50% inhibitory c;ﬂ‘oct Aon Human Hepatocellular carcinoma. And Erythroleukemia
carcinoma was positive estimation by all solvent extracts of E. heterophylla.

33 The Results of Preliminary Rice Growth Inhibition Bioassay
Each crude extract was preliminary screened for rice growth inhibition activity

according to the procedure described in Chapter II. The bioassay results are presented
in Table 3.10 and Fig. 3.1 and Fig. 3.2
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Table 3.10 Preliminary test of the Crude Bxﬁact at 0.1, 0.5 and 1.0 g per solvent 3 ml,
on root and leaf sheath of rice (Oryza sativa cvRD 23)

Plant plant solvent rice | %lnhibition of difference
part part concentration®
10 0.5 0.1
E. kirta | aenial hexane root | 8035 | 7246 | 42.11
| | leaf | 924 | -3533 | -2880
ethanol root | 8734 | 70.23 50.66
leaf | 78.84 | 89.93 30.51
E. heterophylla stem hexane root | 51.61 | 3877 | 23.26
leaf | 1630 | 272 | -28.26
cthanol root 100 = | 9530
leaf | 100 - | 1769
E. heterophylla leaf hexane root | 4880 | 5321 | 30.75
leaf | 2826 | -17.93 | -11.41
ethanol root - - - 89.11
| leaf | - - | ‘1076
E. heterophylla root hexane root | 8449 | 4746 4.01
leaf | -22.83 | -16.85 | -33.69
ethanol root s } 80.69
leaf | - - -184.6
E thymifolia aenial hexane root | 60.23 | 36.24 20.57
leaf | -3.53 [ -1098 | -25.56
cthanol | root - -16.68 | -24.53
leaf - -19.37 | -36.85
* p/3ml

Noto : - rice seeds have a fungi over and the growth cannot be determined.
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Fig 3.1 Inhi itory effect of ethanolic crude extract on rice root growth (at 1.0 g/3 ml )



41

8lloywAy 3

(loas)ejifydassiey '3

(le9))eifydausiay '3

(wais)elAudossay

w

ey 3

uomqIyu| jueased

leaf sheath .growth

nce

crude extract on ri

1C

bitory effect of ethanol
0g/3ml)

i

Fig 3.2 Inh

(at1



42

The ethanolic crude extracts of the stem of E. heterophylla showed 100%
inhiBition at 1.0 g per solvent 3 ml of both root length and leaf sheath of rice seeds.
Then the stem of E. heterophylla was sclectcd for further studled with the aim to search
for plant growth inhibition compounds.

Searching for Rice Growth Inhibition from E. heterophyila Linn.
3.4 Extraction and Initial Fractionation of E. heferophyila Linn.
The stems of E. heterophylla Linn. were extracted by the procedure described

in Chapter II. The results of extraction and initial fractionation can be summarized as
showed in Scheme 3.1



* Air-dried stem of E. heterophylla Linn. (1.84 kg)

‘hexane

crude hexane (Fraction I) residue

ethanol

crude ethanol (Fraction II) residue

‘ Idichloromethane

crude dichloromethane (Fraction IIT) residue

cthyl acetate

crude ethyl acetate (Fraction IV) residue

butanol

crude butanol (Fraction V) residue

Scheme 3.1 Extraction and fractionation of E. heterophylla Linn.
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3.5 Plant Growth Inhibition Activity Test.

Each crude extract of the stems of E. heteraphylla (from 3.4) were preliminarily
bioassayed for plant growth inhibition activity on rice (Oryza sativa ov. RD 23) by the
procedure described in Chaptcr II except fraction V because the butanol crude extract
was too small in qnahtity for this bioassay. The results are showed in Table 3.11 and
Fig3.3and 3.4.

Table 3.11 The growth inhibition activity on rice (Oryza sativa cv. RD 23)

Fraction rice % inhibition of difrerenee
(solvent extract) part concentration*
1.0 0.5 0.1
I (hexane) root 51.60 38.77 23.26
| leaf -16.30 -2.72 -28.26
II (ethanol) root 100 - 95.30
| \’ leaf 100 - -176.92
I1I (dichloromethane) root 100 100 93.63
| feaf 100 100 5.84
IV (residue) root - - 88.73
leaf - - 25.15
,V (butanol) root n n n
leaf n n n

* /3 ml

Note :- rice seeds have a fungi over

n not tested
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From the result of rice growth inhibition Fraction III gave 100% inhibition of
both root and secondary leaf sheath at 0.5g/ 3 ml. of crude extract. Then it was isolated
and purified Fraction III to search active compound. N

Among a fractions, the dichloromethane fraction (fraction IIT) showed strongest
effect on both root and secondary leaf sheath growth of testing plant, 100%. So, this
fraction was selected for further studied on isolation and purification.

3.6 Separation
3.6.1 Separation of Fraction I1I

The dichloromethanc crude extract (Fraction III) 40.53 g as viscous dark green
liquid was subjected to silica gel column using silica gel 486.0 g as an adsorbent. The
column was initially eluted with n-hexane and changed to dichloromethane by gradual
introduction of the latter. Finally the column was stripped with methanol. The eluted
solution was collected approximately 250 ml for each fraction. Each portion was
concentrated to a small volume and monitored by TLC. The fractions that showed
similar components were combined. The results of separstion of fraction III are showed
in Table 3.12



Table 3.12 The results of the separation of Fraction I
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Eluents Fraction No. Remarks weight
| @®
hexane 1-15 (HIA) | viscous green liquid 1.48
5-30%CH,CL, in hexane 16-18 (I B) | white solid and pale| 242
yellow solid
30% CH,CL, in hexane 19-25 (IIC) | white wax and whi.te solid | 201
3'0_60%052011 in hexane 26-53 (IID) | dark green semisolid 10.14
60-80%CH,CL, in hexane 54-73 (IILE) | viscous green liquid 9.89
80% CH,CL, in hexane 74-86 (IILF) | viscous green liquid 3.22
100% CH,C, 87-95 (I G) | viscous green liquid 2.59
2% MeOH in CH,CL 96-103(I H) | viscous green liquid 115
5% MeOH in CH,CL, 194-1 14(IITII) | pale green liquid 1.04
20% MeOH in CH,Cl, 115-124 (II1 J) | pale green liquid and dark | 4.26

green oil
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3.6.2 Rice Growth Inhibition Activity of Fraction III

Each small fraction derived from the separation of Fraction III was further
subjected to rice growth inhibition bioassay experiments at dosc level 10, 100, 1,000
and 10,600 ppm. The result of rice growth inhibition activity are reported as shown in
Table 3.5, Fig. 3.5 and 3.6.
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Table 3.13 Effect of various fraction from Fraction Il (III A-IIJ)on rice growth

rleepart'

Fraction % inhibition of difference concentration *
10,000 | 1,000 100 10

m A root 4.55 -10.47 -21.63 -65.12
leave sheath -6.47 -7.42 -10.55 -21.69

mB root 726 8.86 9.84 -2.49
leave sheath 13.72 3.01 1.26 -5.91

mc root 5098 | 4025 | 2555 3.27
‘ leave sheath 63.32 25.59 10.05 112
mp root 935 5.13 615 | -990
leave sheath -5.87 -7.45 -10.55 -17.41

M E root 31.20 11.27 -8.88 -11.15
leave sheath 485 -8.61 -17.41 -17.58

M F root 53.65 15.60 11.17 -1.50
leave sheath 10.34 274 -12.31 -23.07

mG oot - 4135 0.35 -0.90 -1.63
leave sheath 15.40 -1.84 =10.97 -11.92

M H root 36.67 18.99 14.68 8.65
leave sheath 28.13 21.52 17.02 1.56

mI root 31.54 7.82 7.56 5.21
leave sheath 44.12 39.65 15.69 . 2.69

mJ root 42,03 34.69 28.68 8.99
leave sheath 32,09 28,65 11.06 9.68

* ppm




51

percent inhibition

Fig. 3.5 Inhibitory effect of various fraction of dichloromethane extract on rice root

growth ( at 10,000 ppm)
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percent inhibition

Fig. 3.6 Inhibitory effect of various fraction of dichloromethane extract on rice leaf
sheath growth ( at 10,000 ppm)
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3.63 Briné Shrimp Bioassay Experiments of Fraction III

Each small fraction of the dichloromethane crude extract (Fraction IIl) was

screened for Brine Shrimp Bioassay according to the procedure described in Chapter II.

The bioassay results are presented in Table 3.14,

Table 3.14 The results of Brine Shnimp Bioassay Experiment of Fraction III

Fraction LC“ Hg/mi Bioactivity
mA nc | -
B 4537 medium activity
mc 9.09 high activity
mD 57.79 medium activity
IIE 5221 _ medium activity
IOHF nc v -
G nc -
mH 70.98 medium activity
mI 142,21 low activity
mJ 211.07 low activity
Note : nc not calculated
LC,, 0-10 high activity
11-100 medium activity
more than 100 low activity
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From the results of rice growth inhibition activity and brine shrimp cytotoxicity
experiments of crude dichloromcthhnc (Fraction III), Fraction Il C showed the highest
percent inhibition of both leaf sheath and root length of rice (63.32 and 59.98 %) at
10,000 ppm. and showed high activity of brine shrimp cytotoxicity test (LC,, 9.09

Mg/mi). Then Fraction Il C was continue on scparation, purification bioassay.
3.6.4 Separation of FractionIII C

According to the rice growth inhibition (Table 3.5) and brine shrimp
cytotoxicity test(Table 3.6). Fraction IIT C 1.80 g was subjected to TLC and exposed to
UV light. There were 2 spots which absorbed UV light (Fig.3.7). This fraction had a
mixture of white wax and pale yellow liquid. It was purified by crystallization with
ethanol and hexane. The pale yellow liguid was soluble in ethanol. After
recrystallization with ethanol and gave Compound 1 (41 mg). It was white powder with
203-205°C molting point. The white wax was soluble in hexane and recrystallization
with hexane to gave Compound 2. In order to monitot the rice growth- inhibition activity
and brine shrimp cytotoxicity , Compound 1 and Compound 2 were resubjected to the
bioassay experiments. The results c;f the rice growth inhibition bioassay of Compound
1 and Compound 2 were recorded in Table 3.15, Fig. 3.7 and 3.8,and the resuits on
brine shrimp cytotoxicity test. of Compound 1 and Compound 2 were showed in Table
3.16.
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‘Compound 2. :
——————Compound 1

Fig. 3.7 TLC spots of fraction IIl C

Table 3.15 Effect of Compound 1 and Compound 2 on growth of rice.

Compound rice part % inhibition of different
concentration*
10,000 | 1,000 100 10
Compound 1 root length -23.00 | -20.73 | -12.25 | -3.63
leaf sheath -22.29 | -14.87 | -12.28 | -10.76
Compound 2 root length 55.54 9.27 -0.62 -1.04
leaf sheath 39.64 1933 | .14.83 717

* ppm
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Fig. 3.8 Inhibitory effect of Compound 1 on root length and leaf sheath of rice
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Fig. 3.9 Inhibitory effect of Compound 2 on root length and leaf sheath of rice
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Table 3.16 Brine shrimp bioassay experiments of Compound 1 and Compound 2.

Compound Remark LC,, Activity
Compound 1 white powder 40.37 mediuvm
Compound 2 white powder 101.57 low
LC,, 0-10 high activity
11 - 100 medivm_activity
more than 100 low activity

From the plant growth inhibition activity and brine shrimp cytotoxicity test, it
showed that Compound 1 has negative inhibitory activity (promotion) at the test dose
(10,100,1,000 and 10,000 ppm.) on rice growth. However it showed moderately toxic
to brine shrimp with LC,, = 40.37 plg/ml. But Compound 2 has positive inhibitory
activity (inhibition) at the test dose (10,100,1,000 aad 10,000 ppm.). And it showed
slightly toxic to brine shnmp with LC,; = 101.57 Mg/ml. So, Compound 1 and
Compound 2 were further studied on structure clucidation.




59

3.7 Structure Elucidation of Compound 1

Compound 1 (41 mg) was isolated from dichloromethane crude extract by
cluting with 30% dichloromethane in hexane. After recrystallization with ethanol &
white powder of melting éoint 203-205 °C was obtained.

The IR spectrum (Fig: 3.10) of this compound gave 2850-3100 cm ' of C-H'
stretching and 1730 (C=O streiching vibration of acetatc) and 1250 cm”™,

The 'H NMR spectrum (CDCL,) of Compound 1(Fig.3.11) displayed signéls at
S 0.17-0.96 ppm (sigﬁal of methyl protons) ;1.20-1.60 (methylenc protons); 4.55,
4.68(signals of 2H olefinic protons) and 2.01 (a methine proton attached to an acetyl
group). |

The “C NMR spectrum (Fig. 3.12) éxhibiwd the carbonyl carbon signal at
170.97 ppm and the olefinic carbon signals at 150.91 and 109.35 ppm. There were other
signals around 5539 to 14.51 ppm which were the signals of methyl, methylene,
methine and quarternary carbons. The c;)mpar'is'on of the “C NMR chemical shifts of
lupeol acetate (Warinthorn,1988) and those of Compound 1 are presented in Table
317, | '

Since all spectroscopic data of Compound 1 were agreeable to the reported
spectrs of lupcol acetate. So Compound 1 proved to be lupeol acctate.

AcO

lupeol acetate
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Fig3.11 The 'H NMR spectrum of Compound 1.

61




62

Y| XC.002
WWWMWMV W/ -»J
L) 3 1 1 M 1 W m
180 160 140 120 100 (1) 60 ny 20 )

PPH

Fig. 3.12 The ’C NMR of Compound 1.



Table 3.17 The C NMR chemical shift assignments of lupeol acetate and
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Compound 1
Carbon Chemical shifts (ppm.)
lupeol acetate Compound 1

1 38.0 38.0
2 27.4 274
3 80.9 80.9
4 38.4 383
5 55.3 55.3
6 18.2 18.2
7 342 342
8 40.8 40.8
9 50.3 503

10 371 370
11 20.9 20.9
12 25.0 251
13 380 38.0
14 428 42,8
15 27.4 27.4
16 35.5 355
17 42.8 42.8
18 48.2 48.2
19 48.0 48.0
20 150.8 150.9
21 29.8 20.8
22 39.9 40.0
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Table 3.17 (cont.)
| Carbon Chemical shifts (ppm.)
lupeol acetate Compound 1
23 219 219
24 15.9 15.9
25 16.5 16.4
26 16.2 16.1
27 14.5 145
28 18.0 18.0
29 1093 109.3
30 19.2 19.2
-0,C 170.9 170.9
CH3-CO, 21.2 213
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3.8 Structure Elucidation of Compound 2

Compound 2 (48 mg) was isolated from dichloromethane crude extract by
eluting with 30% dichloromethane in hexane. After recrystallization with hexane a
white powder of melting point 168-170 °C was gained. This'coxhpound was tested with
Liebermann-Burchard reagent and showed a red color, which is the characteristic of the
presence of a triterpenoid structure.

The IR spectrum(Fig 3.13) of this compound showed characteristic absorption
peaks at 2970 and 2830 om” of C-H stretching vibration of CH, and CH,, 1740 cm”

 of carbonyl (C=0) stretching of ester, 1480 and 1375 cm” of C-H bending of CH, and
CH, and 1256 cm™ of C-O stretching of scetate.

The 'H NMR spectrum (CDCI,) of Compound 2 (Fig. 3.14) exhibited the
olefinic protons at O 5.03 and 4.49 ppm. The proton signals of methyl group
appearance at 0 0.75-1.05 ppm and a proton signal at 5214 ppm should belong to an
acetyl proton.

The *C NMR spectrum(fig. 3.15) of this compound showed about 32 carbon
signals and displayed four olefinic carbons at 0 151.0, 139.6, 124.3 and 109.3 ppm.
The carbon signals at 01710 ppm should be the carbon of carbonyl belc;nging to an
acetyl group. Other signals around 55.3 to 15.7 ppm ought to be methyl, mcthylenic,
methine and quarternary carbons. |

From all spectroscopic data, this compound was proposed to be a triterpenoid
with an acetyl group and two double bonds in the skeleton.
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Fig3.14 The 'HNMR spectrum of Compound 2.
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