CHAPTER III

RESULTS AND DISCUSSION

Hyptis suaveolens Poit. ( an iaceae), one of noxious weeds in Thailand, was

selected for preliminary screer 848 for various activities including cytotoxicity

test, antifungal activity, pl d antioxidant activity. The main

activity used to investigal _ﬁ_' in this study is plant growth

inhibition.
3.1 Weed Growth Inj elim inary Screening Tests of
Hyptis suaveolen ‘
Air-dried a s Poit. were separately minced

to coarse powder a @ )+ procedure described in Chapter II.

Crude extracts were ious activities followed the

procedures mentioned in Shapsdii A passayk results are summarized in Tables
]

3.1-3.2 and Fig. 3.1.

Table 3.1 Inhibitogs

of H. suaveolens Poit. on
o T B -'r"}'
the grov.g :
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% Inhibition at various concentrations

1.0 (g)
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Table 3.2 Inhibitory effect of the ethanolic crude extracts of H. suaveolens Poit. on
the growth of E. crus-galli Beauv.

" % Inhibition at various concentrations
art
Growth of E. crus-galli | 0.1(g) | 0.5(g) 1.0 (g)
Root 42.71 80.37 100.00
Aerial part
Shoot 18.96 38.59 39.86
Root -14.95 -12.09 70.73
Root
-2.00 5.89 35.45

% Inhibition o

801

M Root
Shoot

Fig. 3.1 Inhibitory eff

4» . suaveolens Poit. on
the seedling ;

-
£

‘4alli Beauv.

Based upon the sults of M. pz g Linn. growth inhibitory effect, the

ethanolic cru gﬁjw of) | ' aled not impressive
results. To i \ at 1, exhxblted 38.02 %

plant re\?ealed very good inhibition results against E. crus-galli Beauv. The root
growth inhibition was noticed to be more effective than that of the shoot growth of
aerial parts, The root growth inhibitory was completely 100 % at 1.0 g and for 0.5 g
and 0.1 g the percent inhibition were 80.37 % and 42.71 %, respectively (Table 3.2).
Nonetheless, the extracts of the root of H. suaveolens Poit. revealed moderate
activity. The root growth inhibition effect is higher than that of shoot growth.
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The root growth inhibitory effect at 1.0 g was 70.73 % and those of 0.5 g and 0.1 g
are -12.09 % and -14.95 %, respectively (Table 3.2).

The ethanolic crude extract of aerial part of H. suaveolens Poit. exhibited
better growth inhibitory effect on E. curs-galli Beauv. than that on shoot and root of
M. pigra Linn. From the result obtained, it was indicated that ethanolic crude extract
significantly inhibited E. curs-galli Beauv., which is a monocotyledon. Therefore this
crude extract should have allelopathic effect on other monocotyledon. Hence, the

present investigation will be focused on the constituents of H. suaveolens Poit. and its

plant growth inhibition against E. eugssaw/li Beauv.

3.2 Weed Growth Inhil; ¥a) d he Extracts of H. suaveolens
Poit. : ' g
Each crude ex# I eolens Poit. which was derived

from the extractici| Y, ﬁ"‘“‘n{& “II (2.5.1) was preliminary

bioassay for plant g its are presented in Table 3.3

and Fig. 3.2.

Table 3.3 Inhibitory#ffeg /ens Poit. on the growth of

E. crus-galli

TR ariglis concentrations

Crude
extracts 0.5 (g) 1.0 (g)
98.78 100.00
Hexane
40.48 41.59
48.37 89.49
32.18
100.00
59.34
-5.75
-17.24
Root 17.90 -7.95 15.70
Butanol
Shoot -39.37 -33.05 5.89
Root 26.12 10.12 4.15
Water
Shoot 22.52 -4.45 3.00
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Fig. 3.2 Inhibitory effect Jdexhadi of & Swaveolens Poit. on the seedling

growth of

All fractions revgfileg PO ; \ 2 root growth more than the

shoot growth. For the iniydbiy " % ” ‘growth of E. crus-galli Beauv.,
’.“ dthe strongest inhibitory effect

and ethyl acetate crude extracts,

hexane and dichlorometHa A
(100%), followed by ethd f it
respectively. :

3.3 Weed Growth T}t

Dichloromethang: xo H. suaveolens Poit.™

: wth  inhibiti ivities (see Table 3.3),
hexane and d ﬂm e ts eige % promising fractions
to contain allel athic chemicals a E. crus-galli Beauv. Th aration of both

SRR

each deqa'ed fractlon was carefully monitored.

Hexane and

3.3.1 Weed Growth Inhibition Activity of Hexane-derived Fractions of H.
suaveolens Poit.

Each fraction derived from the separation of hexane extract was (Table 2.1)

further subjected to plant growth inhibition experiments. The E. crus-galli Beauv.
growth inhibition results are presented in Table 3.4 and Fig. 3.3.



Table 3.4 Inhibitory effect of hexane-derived fractions crude of H. suaveolens Poit.

on the growth of E. crus-galli Beauv.
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Bract % Inhibition at various concentrations
raction
Growth of E. crus-galli part 0.1(g) 0.5 (g) 1.0 (g)
. Root 5.9 26.7 42.4
Shoot -15.6 179 4.14
& Root T2 23.1 337
Shoot -20.6 11.5 3.0
. 75.3 88.7 98.5
1 21.6 46.7
. 56.1 100.0
11.7 12.1
| 65.6 89.6
10.3 14.4
2 86.9 93.1
t bl 19.3 29.2
’ -
% Inhibition | =
100+ ' i
&) .
y Z [Josg
] % %
ﬁ i , M 109
@ % % %
q 4 7 m
0
F G H I J K
Fraction

Fig. 3.3 Inhibitory effect of hexane-derived fractions of H. suaveolens Poit. on the

seedling growth of E. crus-galli Beauv.



3.3.2 Weed Growth Inhibition Activity Results of Dichloromethane —

derived Fractions of H. suaveolens Poit.

Each small fraction derived from the separation of dichloromethane was
further subjected to plant growth inhibition experiments. The growth inhibition

results against E. crus-galli Beauv. of each fraction are shown in Table 3.5 and Fig.

3.4.

Table 3.5 Inhibitory effect of dichloromethane-derived fractions crude extract of

Fraction

H. suaveolens Poit. on th P of E. crus-galli Beauv.
E —r lr

ious concentrations

0.5 (g) 1.0 (g)
55.8 80.5
12 13.5
76.8 91.3
23.8 309
27.6 52.21
233 24.0
21,7 32.2
39.0 29.8
-41.5 -16.2
14.8 1.4

Auganeninenns

ASINTANATNEEY
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Fig. 3.4 Inhibitory efft iz _ ons of H. suaveolens Poit.

on the seedling/g
Based upon the reg bilogy effect against E. crus-galli
Beauv., Fractions H, I, J a f’.,.::::::?-_:_:' 5 } extract revealed good activity.
The growth inhibition increa
concentration, the root, growi libitions an the shoot growth. Fraction I
was found to be the "=—=‘=="==£: ibition 100 % at 1.0 g,
followed by Fractlons K, FE 89.6 %, 42.4 % and 33.7 % at

1.0 g, respectively. or dichloromethane crude extrac “Fraction B displayed the

highest perce ﬂ mnons A, C,Dand E
80.5 %, 52.21 mﬂm 16. gw m

m H, 1 J and K
PSR T G TG . e

follow tﬂe activity in order to find bioactive compounds that affect the growth of E.

oncentration increased. At low

crus-galli Beauv.
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3.4 Structural Elucidation of Isolated Compounds.
3.4.1 Structural Elucidation of Mixture HS-1
Mixture HS-1 was collected from Fraction C3 and recrystallized from
a mixture of dichloromethane and methanol to give white needle crystal, m.p. 120-
136 °C, 102.1 mg (0.23% w/w of fraction C). This substance gave a deep green color
with Liebermann-Berchard’s reagent suggesting the presence of steroid skeleton.
Two molecular ions at m/z 412 and 414 were observed in EIMS (Fig. 3.5). The IR
spectrum (Fig. 3.6) exhibited absorption bands for a hydroxyl group at 3428 cm™,
2870 cm™ (C-H stretching vibratio .CH3, -CH,-), 1625 cm™ (C=C stretching),
1465, 1381 cm™ (C-H bengin —CH3, -CH,-) and 1061 cm™(C-O
stretching). i -
Mixture HS- 7

XIS OF B-sitosterol and stigmasterol by

comparison of its 'H. a_with those reported values

(Francisco et al., " 4 1 of Mixture HS-1 was verified
by using gas-liqu Chiromatogram of HS-1, two
major peaks were ‘ es as those of authentic B-
sitosterol and stigmay fro
OJFS

Hence, it was 0§ vas a mixture of (3-sitosterol and

stigmasterol. The structu s of4h&a oy 0ids Are shown below:

2

| L)
@mmﬁﬂﬂwﬁﬁmﬁﬁ

Mixture HS-1
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The composition of steroids in HS-1 was presented in Table 3.6.

Table 3.6 The composition of steroids in HS-1.

Name Rt (min.) % Composition
stigmasterol 28.19 38
[B-sitosterol 32.18 62

Additional information was obtained from NMR spectra. 'H-NMR spectrum
dd, J=15.5, 8.3 Hz) and 5.13 (1H, dd,
J=15.53, 8.24 Hz) which c& 3 Mg 1-23 and H-24 of stigmasterol. The
signals at 3.47 (2H, m) : o0

(Fig. 3.7) revealed the signals at

) were assigned to H-3 and H-6 of
both B-sitosterol and stigma '

The "C-NMBaSHEC
signals. These com i
reported *C-NMR vz

well coincided with those of
ol (Francisco et al., 1994) as

shown in Table 3.

! 3y
< 31

o T —

augAnEn e
SIRNTAUNI IS
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Fig. 3.6 The IR spectrum of Mixture HS-1
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Fig. 3.8 The >C-NMR spectrum of Mixture HS-1




Table 3.7 The >C-NMR chemical shift assignment of B-sitosterol, stigmasterol and
Mixture HS-1 (in CDCls5)

——
(=]
.

Catiien [-sitosterol Cher:tli(;:l:};tlg'c()rpm) HS-1
1 3731 - 37.31 373
2 31.57 31.67 31.6
3 7169 71.81 71.8
-+ 42.45 42.35 424,423
3 140.76 140.80 140.7
6 121.7
7 31.9
8 31.9
9 50.0
10 = 3601 L Ni36:560, 36.5
11 213
12 39.8,39.7
13 42.3
14 56.7,56.8
15 24.3,24.4
16 28.2,28.9
17 56 2,56.9
1.9, 12.0

o

“ 194

-

10 36.1,40.5

-.18.82

mﬁt"HDHHl

a4l.11
s

HA‘[ Ml

18.8,21.0

w, 1383

26 19.84 21.26 19.8,21.2
27 19.04 19.02 19.0, 18.9
28 23.09 25.44 23.0,25.4
29 12.32 12.27 122

43
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3.4.2 Structural Elucidation of Compound HS-2

Compound HS-2 (3.12 g) was obtained as colorless needles, m.p. 261-263
°C from Fraction C 75 through recrystallization from ethanol. The yield was 14.61%
w/w of Fraction C. A Libermann-Burchard test gave a positive red color, indicative
of a triterpeniodal skeleton present in this compound.

The EIMS spectrum of Compound HS-2 (Fig. 3.9) revealed a molecular ion at
m/z 456, suggesting a molecular formula of C30HysO0;. The IR spectrum (Fig. 3.10)
exhibited absorption bands for a hydroxyl group at 3437 cm™, 2865 cm’ (C-H
stretching vibration of -CHj; -CH,-), 167 ! (C=C stretching), 1465, 1381 cm™ (C-
H bending vibration of -CHj \ e *(C-O stretching).

By comparing th: ~an fhectra of Compound HS-2 with
previously reported Speets S er a7 2000), Compound HS2 was
identified as oleanolic

The 'H-NMR s

_. ound 1822 (Fig. 3.11) showed a methyl
signal at & 0.69, 0:75, 088 0 ; and W18 " The Signal at § 5.25 was properly

assigned to a hydrogprof€ f §
The “C-NMBghpgt #in

the presence of 30 carbon
resonances. To confirry ignals of this compound were

compared with those™ of #bleandiic ‘ Takeoka et al., 2000). Their carbon

autIneninenns
NIl INEEY
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Fig. 3.10 The IR spectrum of Compound HS-2
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Fig. 3.12 The "*C-NMR spectrum of Compound HS-2



Table 3.8 The '>C-NMR spectral assignment of oleanolic acid and Compound HS-2

47

(in CDCl5)
Caflin Chemical shift (ppm) i Chemical shift (ppm)

oleanolic acid HS-2 oleanolic acid HS-2
1 38.48 373 16 23.12 22.9
2 27.24 31.6 17 46.76 46.5
3 79.05 79.0 18 41.35 40.9
2 38.78 38.7 19 45.93 45.8
5 55.28 ' 20 30.71 30.6
6 18.37 33.90 33.8
7 32.72 6 32.42 324
8 39, 2 28.13 28.0
9 47 | 15.58 153
10 3% 1532 15.2
11 234 16.87 17.1
12 12290 ‘ 25.97 259
13 143 14 178.29 183.3
14 41.69 7 33.12 33.0
15 27.74 ‘; 23.66 235

2008421
it 18 I

mr

AU
AN

e

N
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3.4.3 Structural Elucidation of Compound HS-3

Compound HS-3 (25.2 mg) was obtained as yellow crystals from fraction
C7523 through recrystallization from methanol. The yield was 0.05% based on dried
weight of aerial parts. Compound HS-3 had a melting point 280-282 °C and Rf value
0.67 (20% EtOAc in CH,Cl,).

The EIMS mass spectrum of Compound HS-3 (Fig. 3.13) revealed a
molecular ion at m/z 284, suggesting a molecular formula of C;sH20s.

The IR spectrum (Fig. 3.14) showed characteristic absorption peaks at 3500-
3000 cm™ of O-H stretching, ,.,qu ir of C=0 stretching, 1630, 1595, 1510 and
1460 cm™ of C=0 stretching Rpatid 90 ‘ and 850 cm™ of C-H bending of

aromatic.

Followed the d2 radert
'H and "*C-NMR ._;.- :

¥ it was found that comparing the
those previously reported for
genkwanin or 4',5-dih; et al., 1996 and Chang et.
al., 1977), Compo 57

The 'H-N

‘ .15) indicated the presence
of one methoxy (3.85)4 ”

] -NMR spectrum indicated the
seven aromatic proton 4 83 (1H, s), 6.91 (2H, d, J=8.53
Hz) and 7.94 (2H, d, /£8 ; e ‘

The "C-NMR spletrffie e 31
ppm indicated the presence.dh a4 ﬂ,jr possibly carbonyl of o,B-unsaturated
lectone. In addili o6)117.2, 1172, 104.2, 99.2,

f A ———————— o
f
and 93.7), eight ,, y

162.8, 159.0, 157.4, 122.9

bited 16 signals. The signals at 181.4

and 106.5) aswell a methoxy ¢4 0. erede

From all spe plC data it ¢ be concluded that this compound was

ﬂ ﬁon this compound as
ecies. e comparison of *C-NMR signals of

geﬁwﬁ@ﬁ%fw s
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Fig. 3.14 The IR spectrum of Compound HS-3




Table 3.9 The '*C-NMR spectral data assignment of genkwanin and Compound

50

HS-3 (in DMSO-dg).
—— Chemical shift (ppm)
genkwanin HS-3
Carbon Proton Carbon Proton
2 166.0 164.3
104.2 6.82 (1H, s) 103.1 6.83 (1H, s)
4 181.4 182.1
4a 106.5 105.
5 159.0 161.3

99.2

6.76 (1H, s)

6.36 (14, s)

7.93 (2H, d, J=8.5)

6.90 (2H, d, J=8.5)

6.93 (2H, d, /=8.5)

7.95 (ZH, d, /~8.5)

Compound HS-3 : genkwanin

3853 H,s)
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Fig. 3.16 The C-NMR spectrum of Compound HS-3
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3.4.4 Structural Elucidation of Compound HS-4

Compound HS-4 14.5 mg was orange viscous oil, obtained from
dichloromethane extract.

The presence of a carbonyl group was suggested from the IR spectrum (1685
ecm™) (Fig. 3.17). In addition, there were absorption bands of hydroxyl (3375 cm™)
and furan ring (1028 cm™). The molecular ion at m/z 126 was observed in EIMS
(Fig. 3.18) gave (C¢HgO3) formula.

" The 'H-NMR spectrum (Fig. 3.19) also exhibited signals corresponded to

those assigned functional group such 4 4akdehyde and methylene protons resonated at

8 9.50 (1H, s) and 4.70 (25 Edely & The signals of furano protons were
detected at 3 6.25 (1H, 01H, d, J=3.35 Hz). Magnitude of
: " pling of H-3 and H-4. This
ituted furan, possibly 2,5-

coupling constants,
information implied ghe
disubstituted one (

The “C-
carbon at & 177.64 :
8 57.6. There were

it the most downfield tertiary
attached to oxygen atom at
> Jo o @ furan ring. One was certainly
‘ vl group (HOCH;-). The four
ppm should belong to a furan

an aldehyde and the ¢ |

carbon signals at 109.9

skeleton.
Form the gompsg ad all.spectroscopic data with an
authentic -‘ PraISIISan,— Iy )—ai "”1;4\ assign the structure of

Compound HS-4 ag8-fiydrox ors-HMF.

fug Inuntenns
AHIAHIRIIMA TAEY
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Fig. 3.18 The mass spectrum of Compound HS-4
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Fig. 3.20 The *C-NMR spectrum of Compound HS-4
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3.4.5 Structural Elucidation of Mixture HS-5

Mixture HS-5 was white amorphous solid, 17.1 mg (0.10% wt/wt of
dichloromethane crade extract), mp. 283-285'C, Ry value 0.23 (solvent system: 10%
methanol in dichloromethane). This mixture gave positive results (green color) with
Liebermann-Burchard’s reagent which indicated that it was composed of steroidal
skeleton.

The IR-spectrum of Mixture HS-5 (Fig. 3.21) showed important absorption
bawds at 3600-3200 cm™(O-H stretching vibration of alcohol), 1653 cm™(C=C
stretching vibration of olefin), 10724 ‘
of sugar) and 887 cm™ (C-H | : of anomeric axial proton of B-sugar).

The 'H-NMR_SpeciBm=df Mixturotf&aelfic. 3.22) showed the signals at
0.63-2.49 ppm, which were the i : offmetiyl, methylene and methine groups of
steroids (-CHj3, -CH. ,,'! bk )

5iem™ (C-O stretching vibration of OH group

signals at 2.85-3.03 ppm were

assigned to the proto; 5701 “ bon attached to sugar (-CH-O-

sugar) appeared as thg % ppm and the signal at 4.18 ppm
> '\

belonged to the an N - 4.88 ppm was assigned as

disubstituted vinyl pig ford at 5.32 ppm was the signal of

trisubstituted vinyl pro _ \
The "*C-NMR spgtr ;;; =W éthe hydrolysis of Mixture HS-5,

showed carbon signals in the -1 ppm which were the signals of CHj3,

: :
CH,, CH ofsterq'. Theet€lmictsatno are observed at 121.2, 128.5, 138.1

and 140.4 ppm."‘ A N T “tcorresponded to that of a

ttis P, .
mixture of stigmasigsoland | =4

The mass-Spectrum (Fig. 3.24) exhibited e molecular ion peak of

sitodiel / 4 (C29Hs500), respectively.
ffagmet j, ﬁmmhﬁt it was a mixture of
steroids. i
A @ﬂ?ﬁﬁﬂq@%md .
glycqi of the Mixture HS-5 consisted o

glucose.
All above data of '"H-NMR, '3C-NMR, EIMS spectra, co-TLC profile and a
literature search indicated that Mixture HS-5 was a mixture of steroidal glycoside;
stigmasteryl-3-O-B-D-glucopyranoside and B-sitosteryl-3-O-f-D-glucopyranoside.

Their structures were shown in Table 3.10.
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Fig. 3.24 The mass spectrum of Mixture HS-5




Table 3.10 Structure of steroidal glucoside in Mixture HS-5.

58

steroid glycoside compound Structure

j-sitosteryl-3-O-B-D-

glucopyranoside HO CH,OH

Stigmasteryl-3-0-B-D+
glucopyranoside..

Auginuninenns
ABINTINATNEEY
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3.4.6 Structural Elucidation of Mixture HS-6

Mixture HS-6 (51.6 mg, 0.022% w/w of dichloromethane extract) was isolated
from dichloromethane crude extract. After recrystallization with methanol a solid of
melting point 122-124 °C was gained. This mixture gave a pink-red color with
Libermann-Burchard reagent, which implied the presence of a triterpenoidal structure.

EIMS spectrum (Fig. 3.25) gave the parent ion peak M', at m/z 448. The
important fragmentation pattern was observed at m/z 95 (100), 55 (90), 149 (80), 412
(40) and 430 (47).

The IR-spectrum of Mix

ig. 3.26) of this mixture showed

characteristic absorption § 200 em™'(O-H stretching vibration of

alcohol) 2970-2850 ¢ ‘“t“f_,';:.; ' 4 vibration of CH, and CHj, 1480-1376
em™ of C-H bendmgo 2 | o : .
The 'H-NMR" g \“" 3.27) exhibited the olefinic

protons at & 4.95-5 9 pgifl 4 df etk #htonS.at8.0.64-1.25 ppm. The signal at 5
5.35 ppm was assigy : ‘ \

The *C-NMR g : ywed 48 carbon signals with
four olefinic carbons t o 3 3 \ 7 ppm. The carbon signals at &

71.8 ppm inferred the carbg _.__‘—_5_5_.,, oX)

sroup. Other signals around 10 to

60 ppm should be methyl, met }r une carbons.

From the GG, G 6, ghere were two major peaks
observed. Thus, : ; ‘:J f

From all spect 0SCOpIo _ ound "‘ xisted in this mixture was

proposed to be a hydrox tnterpenmd with two double bonds in the skeleton.

AU INENTNYRS
RN AN INEEY
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3.4.7 Structural Elucidation of Mixture HS-7
Mixture HS-7 (17.5 mg, 0.007 % w/w of dichloromethane extract) was

white amorphous solid, melting point 62-65°C with Ry value 0.68 (15%
dichloromethane in hexane).

The IR spectrum (Fig. 3.30) exhibited the characteristic absorption peaks at
3452 em™ (OH stretching of hydroxyl group), 2914 and 2842 cm™(C-H stretching of
CHa, CHs) and 1465 cm™ (C-H asymmetric bonding of CH,, CHz)

From the comparison of physical properties and all spectroscopic data with an

authentic sample of a mixture of lon! #. alcohols. Mixture HS-7 should be a

mixture of long chain alcohal

%Transmittance

4000 3000 2000 10(')0
Wavenumbers (cm-1)

Fig. 3.30 The IR spectrum of Mixture HS-7
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3.4.8 Structural Elucidation of Compound HS-8
Mixture HS-8 as white amorphous solid, melting point 65-70 °C, (82.7
mg, 0.035 % w/w of dichloromethane extract) was obtained.
The IR spectrum (Fig. 3.31) showed characteristic absorption peaks at 2914,
2858 cm™ (C-H stretching of CH,, CH3), 1736 cm™(C=O stretching), 1465 cm™(C-H
bending vibration of -CH 3, -CH,-).
The IR spectrum clearly supported that this mixture should be a mixture of

long chain esters.

ain ester

———
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Fig. 3.31 The IR spectrum of Mixture HS-8
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3.4.9 Structural Elucidation of Compound HS-9
Compound HS-9 as white crystal was isolated from hexane extract.
After recrystallization with acetone several times, the product with melting point 195-
197°C,184.9mg (0.15 % w/w o fhexane extract) was achieved. T his compound
gave a violet color with Liebermann-Burchard’s reagent which suggested the presence
of triterpenoid skeleton.
The IR spectrum (Fig. 3.32) displayed a broad band in the range of 3400-3500
cm™ belonging to O-H stretching and the absorption péak of C-O stretching vibration

at 1035 cm™. The addition‘ e Al _ substituted olefinic moiety were also
observed at 1634 and 815 ciz

The molecular oERETE CodhporS-TiS as proposed to be C;3oHs00

(MW. 426). This form 5 assGpporcll by n 'T‘-r-'u rum data.
The mass spectttiy .

, peak M’, at m/z 426. Other

important fragmentat 36) and 219 (18) strongly

pointed out that Conyg pac p ) er a-amyrin or B-amyrin
series. : |

The 'H-NMR speg 5.9 ¢ ig. 3.34) exhibited methylene
and methine proton signals gf0. i_'...:::;" | N

The ' *C-NMR s pec Splayed t wo o lefinic carbons at 145.2
and 121.7 .ppm signed for the carbon signal

adjacent to oxyge |

!.-r

5.4 ppm were compatible
with methyl, methy §; methine. irb s The comparison of C-

NMR chemical shifts of’Compound HS-9 and those of -amyrm was conducted and

ﬁmmmﬁm s
@Mﬂdﬂ?ﬁiwﬂ%m%
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Fig. 3.33 The mass spectrum of Compound HS-9
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Fig. 3.35 The *C-NMR spectrum of Compound HS-9



Table 3.11. The *C-NMR chemical shift assignment of B-amyrin and Compound

HS-9 (in CDCls)
Chemical shift (ppm) Chemical shift (ppm)
Carbon Carbon

B-amyrin HS-9 B-amyrin HS-9
1 38.5 385 16 26.2 26.1
2 27.0 26.9 17 325 324
3 78.9 79.0 18 472 47.2
4 38.7 38.7 19 46.8 46.8
5 55.1 31.1 31.0
6 18.3 34.8 34.7
7 32.6%% 372 37.1
8 28.1 28.0
9 15,5 15.4
10 15.5 15.5
11 16.8 16.7
12 26.1 25.9
13 27.3 273
14 33.2 333
15 23.6 23.6
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3.4.5 Structural Elucidation of Compound HS-10

Compound HS-10 as white crystal was isolated from hexane extract. After
recrystallization with acetone several times, the product with melting point 186-188
°C, 24.4 mg (0.017 % w/w of hexane extract) was obtained.

This compound gave a violet color with Liebermann-Burchard’s reagent
which suggested the presence of triterpenoid skeleton.

The IR spectrum (Fig. 3.36) displayed a broad band in the range of 3400-3500
cm’ belonging to O-H stretching and the absorption peak of C-O stretching vibration

at 1035 cm. The additional bandk jof trisubstituted olefinic moiety were also

observed at 1634 and 815 cm : '
The molecular fo ( ‘ - 0 was proposed to be C3;HsoO

(MW. 426). This formila Wassepported bydhie mas: spectral data.

) at ion peak M", at m/z 426. The

The mass i \
\ 05 (54), 69 (48) and 203 (41)

important fragmentatic

strongly pointed o yrin.

"
-

: ‘!'\: \ e s,
The 'H-NM&'sp ! a 5-10 ( 3.38) exhibited methylene
and methine proton sighalg® ‘ :
The '*C-NMR : two olefinic carbons at 139.5

and 124.4 ppm. The s‘i al asdd O -# suld e ssigned for the carbon signal

|

adjacent to oxygen atom. O 55.1-15.4 ppm were compatible with

methyl, methylene, me hine ardie ons. The comparison of the 2

NMR chemical s _,-=-==- ------------------------- j?:f: was presented in
v J,

Table 3.12 (Seo, FOmutaa —

 Augineninenns
SR IS



Table 3.12. The *C-NMR chemical shift assignment of a-amyrin and Compound

70

HS-10 (in CDCl5)
- Chemical shift (ppm) P Chemical shift (ppm)
a-amyrin HS-10 a-amyrin HS-10
1 38.7 38.71 16 26.6 26.6
2 27.2 212 17 33.7 33.7
3 78.8 79.0 18 58.9 59.0
4 38.7 38.6 19 39.6 39.6
g 352 20 39.6 39.6
6 18.3 31.2 31.2
7 329 9¢ 41.5 41.5
8 4 9-9 28.1 28.1
9 ; 156 15.6
10 3¢ _ 15.6 15.6
11 17. d 16.8 16.8
12 1 4.4 23.3 23.3
13 13 1 28.1 28.1
14 42.0 4 | 233 33.2
15 28.7 7 21.3 213

Compound HS-10 : a-amyrin
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Fig. 3.36 The IR s

Fig. 3.37 The mass spectrum of Compound HS-10
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Fig. 3.39 The C-NMR spectrum of Compound HS-10



73

3.4.6 Structural Elucidation of Compound HS-11
| Compound HS 11 was obtained as colorless needles (42.7 mg, 0.018 % w/w of
dichloromethane extract), m.p. 215°C. This compound gave a violet color with
Liebermann-Burchard’s reagent, suggesting the presence of a triterpenoid nucleus.
The EIMS spectrum of Compound HS-11 (Fig. 3.40) displayed the molecular ion
[M'] at m/z 426, corresponding to C3oHsO.

The IR spectrum (Fig. 3.41) revealed the absorption bands at 3350 (O-H
stretching), 2944 and 2872 (C-H stretching), 1641 (C=C stretching), 1455 and 1382
(C-H bending) and 1042 (C-O stretelling |

The '"H-NMR spectrug 1154 §-11 (Fig. 3.42) showed seven methyl
signals at & 0.73-1.65 ppy _ '{:"/ wion
and Kundu, 1994) as '**" Pable 31335 _"j -~ s at 6 1.05-2.00 were the signal

1 comparison to lupeol (Mahato

of methylene and meihii (5 3:43.(2H, dd, J = 5.10, 10.50 Hz)
37 (m) could be assigned to H-

be assigned to H-29 (2H).

could be assigned to

19. The signals at 4.544(t

Table 3.13 The 'H M¥RA" s \-1its ofCompound HS-11 and lupeol
(in CDCl;)4 ) |

W (ppm)

HS-11
0.94
0.73

0.80
1.00
.76
= . I O 1 - ) .%I'Irl‘
’l SRR NSt Y —
V' |'6 788 R 3 Y1) TN

qq The “C-NMR spectrurh (Fig. 3.43) disclosed the presénce of 30 carbon

resonances. To confirm the structure, this compound was compared the >C-NMR
spectrum with that of lupeol (Mahato and Kundu, 1994). Their carbon chemical shift

assignments are shown in Table 3.14.



Comparison of its '"H and *C-NMR spectra with those reported (Mahato and

Kundu, 1994), it was suggested that Compound HS-11 be identical with lupeol.

74

Table 3.14 The >C-NMR chemical shift assignment of lupeol and Compound HS-11

Compound HS-11 : Lupeol

(in CDCl5)
Chemical shift (ppm) Chemical shift (ppm)
Carbon Carbon

lupeol HS-11 lupeol HS-11
1 38.67 36.6 16 35.54 35.5
2 27.35 42.95 42.9
3 78.94 48.24 48.2
4 83.8 47.94 47.9
5 55. 25 150.88 150.9
6 13250 29.80 298
7 39.96 39.9
8 27.95 279
9 1535 153
10 16.09 16.1
11 15.94 15.9
12 25.08 14.51 14.5
13 17.97 17.9
14 109.3
15 19.3
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Fig. 3.41 The IR spectrum of Compound HS-11
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3.4.12 Structural Elucidation of Compound HS-12

Compound HS-12 (29.7 mg, 0.066 % w/w of fraction C) m.p. 278-280
°C was obtained as colorless needles from Fraction I 13 through recrystallization from
methanol. A Libermann-Burchard test gave a positive red color indicative of a
triterpeniodal skeleton.

The EIMS spectrum of Compound HS-12 (Fig. 3.44) revealed a molecular ion
at m/z 456, suggesting a molecular formula of C3oH4303. The IR spectrum (Fig. 3.45)

revealed absorption bands at 3457 cm™ (O-H stretching).

By comparing the 'H and ' X3 MMR spectra of Compound HS-12 with
previously reported data (Maka ', 4), Compound HS-12 was identified
as betulinic acid. |

The lH-NM Speetr f Cgq 12 Fig. 3.46) showed a methyl
signal at & 0.64-1.67 p Ad ve s parison with betulinic acid
as shown in Table and & 4.71 (br, s) could be

assigned for two viny

Table 3.15 The 'H !

betulinic ag

ompound HS-12 and

Position

@mﬂﬁsﬂ TR T
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Fig. 3.45 The IR spectrum of Compound HS-12
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The >C-NMR spectrum (Fig. 3.47) displayed 30 carbon signals which were
in good agreement with those of betulinic acid. The complete carbon assignments of
Compound HS-12 and betulinic acid are shown in Table 3.16.

Table 3.16 The >*C-NMR spectral assignment of betulinic acid and Compound HS-

12 (in CDCls3)
Chemical shift (ppm) Chemical shift (ppm)
Carbon Carbon

betulinic acid HS-12 betulinic acid HS-12
1 38.7 32.1 32.1
2 244 56.3 56.3
3 79.9 46.8 46.8
4 49.2 49.2
5 150.3 150.2
6 B 29.7 29.6
7 37.0 37.0
8 27.9 27.9
9 15.3 15.3
10 16.0 16.0
11 16.1 16.1
12 14.7 14.6
13 180.5 177.7
14 109.6 108.8
15 19.4 19.3

Compound HS-12: Betulinic acid
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3.4.13 Structural Elucidation of Compound HS-13

Compound HS 13 (1.42 g, 1.17% w/w of hexane extract) was isolated from
hexane extract. After recrystallization with ethanol white amorphous solid, melting
poit 238-242 -C was gained.

- Compound HS-13 gave a violet color to with Liebermann-Burchard’s reagent,
suggesting the presence of a triterpenoidal nucleus, in its molecule.

The IR spectrum (Fig. 3.48) showed absorption bands at 3350 (O-H
stretching), 2944 and 2872 (C-H stretching), 1641 (C=C stretching), 1455 and 1382
(C-H bending) and 1042 (C-O stretel "

The EIMS spectrum of

813 (Fig. 3.49) showed the molecular

ion [M'] at m/z 456, core important fragmentation pattern
at m/z 248 (100), 133 (720 140 19 (34) was observed.
The 'H-N R 5p ‘ ig. 3.50) showed methyl signal

at 5 0.70-1.60 ppm.
and methine protons.
- The "C-NI

\ vere the signals of methylene

i ; ) olefinic carbons at 138.1
and 124.5 ppm. Tiy ajgat 78K0 c assigned for the carbon signal

adjacent to oxygen atoy R J 54.8415.2 ppm were compatible with

. . ik .
Comparison of its ot Soes those reported data (Lin et al, 1987),
it was conceivable to cor was identical with ursolic acid.
The complete cagiSassionments oFComponnd lISSERGRY ursolic acid are shown in

4
Table3.17. e L%

 dugineninenns
RN NG
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Table 3.17 The “C-NMR spectral assignment of betulinic acid and Compound HS-

Compound HS-13 : Ursolic acid

13 (in CDCl3)
Chemical shift (ppm) Chemical shift (ppm)
Carbon Carbon

ursolic acid HS-13 ursolic acid HS-13
1 38.7 38.5 16 24.2 23.8
2 272 26.9 17 47.5 47.0
3 78.2 76.8 18 327 52.4
4 38.8 19 39.1 39.1
> 352 38.8 384
6 183 = j 30.7 30.2
7 33.0 Se— 36.7 36.3
8 39.5 = 28.0 945 &
9 47.5 15.7 16.0
10 36. 5 15.4 15.2
11 17. 17.0 17.0
12 23.5 22.8
13 138.3 179.9 178.3
14 42.0 77T 232 23.3
15 21.2 21.1
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Fig. 3.49 The mass spectrum of Compound HS-13
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3.5 Weed Growth Inhibition Activity of Isolated Substances.

From the fractionation and purification of H. suaveolens Poit. crude extracts,
thirteen substances were isolated. Eight substances, including a mixture of two
steroids (HS-1), oleanolic acid (HS-2), genkwanin (HS-3), S-hydroxy methyl
furfuraldehyde (HS-4), a mixture of two steroid glycosides (HS-5), a mixture of two
steroid (HS-6), a mixture of long chain alcohols (HS-7) and a mixture of long chain
esters (HS-8) were isolated from dichloromethane extract. B-Amyrin (HS-9), o-
amyrin (HS-10), lupeol (HS-11), betulinic acid (HS-12) and ursolic acid (HS-13)

were isolated from hexane extraet.

In order to reach th carch, all isolated substances were

subjected to weed growi s are shown in Table 3.18 and

Fig. 3.52.

5

&
.

Yy ‘)

[

At inmnenns
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Table 3.18. Inhibitory effect of isolated substances from H. suaveolens Poit. on the
growth of E. crus-galli Beauv.

‘ % Inhibition at various concentration
Substances Growth of 10 100 1000
E. crus-galli parts ppm ppm ppm
= e
HS-2 oo 2066 | 152 | 300
= SRS
4| T | o117 | aos
nss | ] S | o1 | am
HS-6 /\ 5305 | 060
HS 7 AN 5590 | 60.00
HS-8 ol L AN G® | oy | 5100
S NN | 22 | 2
Hs10 | %2 | soa0 | ers6
=Nkd - YRR
* ggl |
HS 13 261 | 6395
The plant growt mhlbmon agents isolated from H. suaveolens Poit. which
had affec

- ﬂﬁ%ms 5-hydroxy methyl

furfuralde 3 t - gen in (HS-3) revealed root
ﬂ m 1000 ppm.
ARSI N o

amy in (HS-10), a mixture of long chain alcohols (HS-7), a mixture of two
triterpenoids (HS-6), and betulinic acid (HS-12) revealed root inhibition effect with
63.95%, 62.56%, 60.00%, 59.60% and 45.49%, respectively at 1000 ppm. HS-8
showed shoot growth promotion effect 60.95% at 10 ppm. The results of substances

%

on E. crus-galli Beauv. growth inhibition are shown in Fig. 3.52.
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Fig. 3.52 Inhibitory effect of isolated substances from H. suaveolens Poit. on the

growth of E. crus-galli Beauv.
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In addition, some isolated substances with sufficient amount were further
bioassayed for plant growth inhibition against various weeds and selected plants.

These specimens are Lactuca sativa Linn. (dfnnewen), Trianthema portulacastrum

Linn. @ndleiw), Bidens pilosa Linn. (fudwn), Brassica chinense Jusl. (dhnewn),
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Dactyloctenium aegyptium Willd. wmajnhnany and Pennisetum polystachyon Schult.
(vassumeniuey). The results of inhibitory effect compounds are shown in Tables 3.19-

3.24 and Fig. 3.53-3.64.

Table 3.19 Inhibitory effect of isolated substances from H. suaveolens Poit. on the

growth of Lactuca sativa Linn. (dnnnavex)

% Inhibition at various concentration
Substances Growth of L. sativa 10 100 1000
(ppm) (ppm) (ppm)
s Satr | aios | avir
- 26 | 3526 | 6399
HS3 S8 | 370
s t 4 | 136h
Hs s : 708 | 230
HS S Ry | 2535 | ason
HS-7 : a3k :gigé s?sss2
S8 2 i | 258 [ s
S | 2o | 2oas | 2799
Hs-10 2835 | 2944
HS-11 . 738 | 2081
HS-12 | g0 oo = 5 |
7.07 65.24
0.53 39.63

d affected on
ixture of two

rrssahATE

ster(?lds (HS-6), a mixture of two steroid glycosides (HS-5), a mixture of B-sitosterol

and stigmasterol (HS-1) and genkwanin (HS-3) revealed root promotion effect with
131.34%, 54.13%, 47.58% and 46.72%, respectively at 1000 ppm.
substances that exhibited root growth inhibition were HS-13, HS-2 and HS-4 with
65.24%, 64.39% and 44.37%, respectively, at 1000 ppm.

Whereas
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Table 3.20 Inhibitory effect of isolated substances from H. suaveolens Poit. on the

growth of Dactyloctenium aegyptium Willd. mejrneane)

% Inhibition at various concentration

Substances | Growth of D. aegyptium 10 100 1000
parts (ppm) (ppm) (ppm)

root -14.77 8.02 28.69

Hs-1 shoot 1696 | -1640 | 9.03
Fook 924 723 18.47

5 shoot, , 1467 | -1095 | 646
ot hdJ 2| -13.06 | -1046 | 2736

il shiook ” 1727 | -3.61 | -16l
i/ | 1496 | 43.04

HS-4 3.92 13.73
1175 | 29.13

HS-5 9.80 13.73
71004 | 11.65
il -1046 | -23.46
HS-7 NT NT
HS-8 NT NT
1688 | 3671

i 2865 | 9.03
HS-10 NT NT
2700 | 549
HS-11 1046 | -27.36
~ 11241 | 48.69

HS12 (O = £ 102 | 3157
Y =l 2381 8.43

HS-13 Blos | 396 | 9.03

NT = Not Tegled .

2
#

inig, acid"( ‘ , hyde (HS-4) showed
ﬁ efiéc orahd 43. Sp! y-at 1000 ppm. While
9) promoted the shbot growth 80.64% at 1000 p%peol (HS-11)
AT T
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Table 3.21 Inhibitory effect of isolated substances from H. suaveolens Poit. on the

o & oo

growth of Trianthema portulacastrum Linn. (induii)

% Inhibition at various concentration

| ﬂﬁﬁmﬂmmnm

‘Substances Growth of 10 100 1000
| T. portulacastrum parts |  (ppm) (ppm) (ppm)
- AR
HS-2 e Sos | 13 | 2601
HS-3 Jses | st | 307
HS 4 ‘ 1247 | 3339
HS-5 — 25 | B
HS-6 a2 | %
HS-7 NT NT
HS-8 NT NT
HS.9 354 | 3736
HS-10 NT N
HS-11 2648 | 32.66
i FaR
HS-13 5 | 2108

95

s (HS-6), 5-hydroxy
stigmasterol (HS-1)

RTINS
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Table 3.22 Inhibitory effect of isolated substances from H. suaveolens Poit. on the
growth of Pennisetum polystachyon Schult. @assusenlun))

% Inhibition at various concentration

Substances Growth of 10 100 1000

P. polystachyon parts...|.- (ppm) (ppm) (ppm)

e ~ 2091 1172 | 1674

B shoot 1.42 873 | 1092

s 556 9.72 12.43

HS-2 shoot -7.14 0.97 3.17

" 2778 | -1429 | 9.2

HS-3 1958 | -1082 | -0.15

38 1676 | 67.76

HS-4 , 1218 | 2593

0.71 3.72

HS-S 9.89 14.47

_ 3.03 24.05

e 4 _ ” 1429 | 9.5

HS-7 A | NT NT

HS-8 R NT | - NT

pot, 213 381

HS-9 | 3 -17.56 3.61

HS-10 - S’° 7 NT NT

2 81 1385 | 21.77

i : 4896 | 515 | 1676

1513 | 2034

HS-12 | 4538 | 50.64

1.60 16.73

HS-13 S 2143 | 476
NT =Not T !

% { ot growth inhibitory
effect 67.7 at 1 0 ppm, lupeo showed shoot growth promotion effect
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Table 3.23 Inhibitory effect of isolated substances from H. suaveolens Poit. on the
growth of Bidens pilosa Linn. (fuiwn)

% Inhibition at various concentration

Substances Growihof 10 100 1000
- Bidens pilosa parts - | - (ppm) (ppm) (ppm)

root -7.06 1.58 3.63

Hs-1 . shoot -15.70 1360 | 23.66
' = T 6.39 11.05 | 26.60

HS-2 ok 1433 1462 | 24.56
) ] 3187 | 2251 | -7.02

HS-3 3.28 5.01
1992 | 46.40

HS-4 5.81 16.51
- 2816 | -56.55

5.81 6.12
23.14 52.16
3.51 10.53

NT NT

NT NT

-13.65 -5.24
6.50 17.44

NT NT

3.17 7.94
235 9.45
1 8.44 34.67
) -10.36 15.50
e 3.97 11.92
7.60 18.42

r of two triterpenoids
ﬂ efféc ﬂ ﬁ%respectwely at 1000
ppm. A mixture of two steroﬁycosndes (H% showed root h promotion

......
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Table 3.24 Inhibitory effect of isolated substances from H. suaveolens Poit. on the

growth of Brassica chinense Jusl.

104

% Inhibition at various concentration
Substances Growth of 10 100 1000
| Brassica chinese parts (ppm) (ppm) (ppm)
root 2112 0.95 27.83
HS-1 shoot 2484 | -11.76 | 427
' root — .74 19.41 39.82
HS-2 shoot 0.68 472 21.09
HS-3 2 NT NT NT
24.12 14.16 86.79
HS-4 ‘ £S5 1 18.78 22.54
HS-5 ' NT NT
HS-6 NT NT
HS-7 ? NT NT
HS-8 - NT NT
n 1004 | 37.64
HS-9 t 1981 | 12.98
HS-10 A NT NT
‘r_
HS-11 NT NT NT
4 2741 47.60
HS-12 9.83 29.69
3.95 18.82
HS-13 ; 2149 | 1067
NT = Not Tested
5- : I, inig- acid (HS-12) showed
YINBNAS

S-6,

7, HS-8,

0 and HS-11

AR Y13 1818

ectively,

at 1000 ppm.

id not test because
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From the preliminary bioassay for seedling growth inhibition activity, it was
revealed that a mixture of two steroids (HS-1) showed root growth promotion effect
on L. sativa Linn. and T. portulacastrum Linn., but exhibited slightly inhibition effect
against root and shoot on other plants. Oleanolic acid (HS-2) revealed root growth
promotion effect on E. crus-galli Beauv., exhibited moderately inhibition effect
against root and shoot on L. sativa Linn., and showed slightly inhibition effect
. against root.and shoot on other plants. . Genkwanin (HS-3) showed root growth

promotion effect on L. sativa Linn., B. pilosa Linn. and D. aegyptium Willd., showed

root growth promotion effect on L4 &4 otium Willd. and P. polystachyon Schult.,
displayed moderatelyly inli :
exhibited slightly inhibig

oot on E. crus-galli Beauv. and
soL oi L. sativa Linn., T. portulacastrum
Linn., B. pilosa Linn_a ] ZT‘:";—‘"—- droxy methyl furfuraldehyde
(HS-4) revealed strogg 7 X S

crus-galli Beauv., di

ot on B. chinense Jusl. and E.
figffect against root on L. sativa
k. . 0., . polystachyon Schult. and D.

Linn,, T. portulc;as': ¥ | :
aegyptium Willd., Ho . ! kL

Ahiltion § shoot on L. sativa Linn., T.

y

portulacastrum Lingd B4 lsa Lra b »"_‘\* tachiyon Schult. and D. aegyptium
: X\
!

- e 4
Willd., but exhibited ghogh @his: J_ onefiBet on E. crus-galli Beauv. A
) Dt \
mixture of two steroid glfosidesa £ N8l oot growth promotion effect on L.
7 )
sativa Linn. and B. pilosa Ufig—showe 5t growth promotion effect on E. crus-

T
galli Beauv., displayed. sl e )

against root and shoot on T.
portulacastrum en. P oo chvon _Schut—and v-,‘ gyptium Willd., showed
slightly inhibitio

mixture of two tritstpenoids (HS-6) s|

=) .‘, and B. pilosa Linn. A

owed root growth

Linn. and E. crus Beauv., exhib shoot growth promotion effect on D.

portulacastram Linn. and B. pilesa Linn., displayed moderately, inhibition effect
tly inhibition

a
e@m illd., showed

slightly inhibition effect against shoot on 7. portulacastrum Linn., B. pilosa Linn. and

f
f

“promotion effect on L. sativa

on P. polystachyon Schult. A mixture of long chain alcohols (HS-7) showed root
growth promotion on L. sativa Linn., exhibited slightly inhibition effect against root
on E. crus-galli Beauv., displayed slightly inhibition effect against shoot on L. sativa

Linn., showed moderately inhibition effect against shoot on E. crus-galli Beauv. A



108

mixture of long chain esters (HS-8) revealed shoot growth promotion on E. crus-galli
Beauv., displayed slightly inhibition effect against root and shoot on L. sativa Linn.,
showed slightly inhibition effect against root on E. crus-galli Beauv. -Amyrin
(HS-9) revealed root growth promotion effect on L. sativa Linn., T. portulacastrum
Linn., B. pilosa Linn. and P. polystachyon Schult., showed root and shoot growth
promotion effect on D. aegyptium Willd., displayed slightly inhibition effect against
-root.- and shoot .on B. chinense Jusl. and E. crus-galli Beauv., exhibited slightly

inhibition effect against shoot on L. sativa Linn., T. portulacastrum Linn., B. pilosa

Linn. and P. polystachyon Sehulf rin (HS-10) revealed root growth

promotion effect on L. saiiy s-galli Beauv., showed moderately
Beauv., and exhibited slightly
o Lupeol (HS-11) revealed root

E. crus-galli Beauv. and D.

inhibition effect againg
inhibition effect again
growth promotion effe
aegyptium Willd., ; ; ot \\\ iect on P. polystachyon Schult.,
D. aegyptium Willd., ¢ J Jighit 1Bition effect against root and shoot on E.

crus-galli Beauv. d T. portulacastrum Linn.,

and exhibited slightlyfhh ' fh f 1 @hinst o & sativa Linn., B. pilosa Linn.

and P. polystachyon Sl evealed root growth promotion

effect on L. sativa Linn “Ribition effect against root on B.

‘ s : . .
chinense Jusl., E. crus-galli e and gyptium Willd., displayed moderately

inhibition effect agains chult. and E. crus-galli Beauv.,

i

and exhibited sl ;:visiiiiEi=éiii;:éiﬁéii7:=-!—evvzarzes-,-ze"'!!"s‘iv‘;;:‘" on Othel‘ plants. Ul'SOIiC

acid (HS-13) rVelinh

_OW P. polystachyon Schult.,
showed moderate‘ inhibition effc against root

o0 L. sativa Linn., showed

moderately inhibitionfeffect against shodk/on E. crus-galli Beauv., and displayed

allelopathy €ffect of isolated substances from H%mveolens Poit._are summarized in

"FRIANN TN INENG

—
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According to the activity against monocotyledon and dicotyledon plants, it can
briefly summarized that the substance exhibited root growth promotion on
monocotyledon a-amyrin (HS-10), while showed that shoot growth promotion is a
mixture of long chain esters (HS-8). The substances that displayed root growth
inhibition on monocotyledon are a mixture of two steroids (HS-1), 5-hydroxy methyl
furfuraldehyde (HS-4), a mixture of two steroid glycosides (HS-5), a mixture of long
chain alcohols (HS-7), a mixture of long chain esters (HS-8), betulinic acid (HS-12)
and ursolic acid (HS-13). While those
of two steroids (HS-1), oleanolig & |
7), a-amyrin (HS-10) and & i
(HS-3), a mixture of tw®

showed shoot growth inhibition are a mixture

2 mixture of long chain alcohols (HS-
S0 eanolic acid (HS-2), genkwanin

/% rin (HS-9) and lupeol (HS-11)
displayed both root ;:J:;"-‘ : L promotion. In addition, a
-2), a mixture of long chain

| (HS-12) showed shoot growth

mixture of two -
alcohols (HS-7), a—
inhibition and shoot #fo ; |

For dicotyledg ¥ P! 4 A > d root growth promotion on
) 33 i 7) and a-amyrin (HS-10). The
oleanolic acid (HS-2), 5-hydroxy

g chain esters (HS-8) and ursolic acid

dicotyledon are a mix
substances that displayed 1
methyl furfuraldehyde (HS-4) %:W
(HS-13). The substan [S5-1), genkwanin (HS-3), a
mixture of two a;-';:’ :4';, triterpenoids (HS-6),
amyrin (HS-9), lupe HS-1 sid (H S ] dlsplayed both root growth
inhibition and showed growth prom n. Whlle all substances showed shoot

growth inh1 W%@ams were used. The
results of al athic e e 1solated substances from Hyptis suaveolens Poit.
ag*‘“W"ﬁ@ﬁ“? AR
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Table 3.26 The summary of allelopathic effect of isolated substances from Hyptis

suaveolens Poit. against monocotyledon and dicotyledon.

Monocotyledon Dicotyledon.
allelopathy
Root Shoot Root Shoot
HS-1, HS-4, | HS-1, HS-2, | HS-2, HS-4, HS-1, HS-2,
HS-5, HS-7, HS-7, HS-10, | HS-8, HS-13 HS-3, HS-4,
HS-8, HS-12, HS-12 HS-5, HS-6,
Inhibition HS-13 HS-7, HS-8,
‘ HS-9, HS-10,
HS-11, HS-12,
HS-13
Promotion HS-10 =
. -1, HS-3,
Inhibition
HS-6,
and -
) 9, HS-11,
Promotion
From the list of 1solfEd=Srta could draw a conclusion that for H.

suaveolens, the plant grosfih 4% of pure substances was found to

comparatively s- Ae$s-than that Sethane crude extracts, likely
- |
g ¢ ractionated. The marked

e

because hexane v’r‘r‘
plant growth inhi - on activity o and dichlorofethane crude extracts may be

inor plant growth inhibition components

contributed to be purgfsubstances and oth
in hexan g tw w &ﬁﬂ% components isolated
were indeedBynergist. Furthermore, for the worse case, the active principles may be
:
q |
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