CHAPTER IV

RESULTS

Extracts of

Under 4#C'8F : 5 th'a‘. conditions, all
ethanolic extraciy | of G. superba seeds
showed very simil ,;:f ”_ Mns. A typical one is
shown in Fig.13. 7 hat there are only three
nain peaks, (il re  ue | £jom one another.

V. X

The retentiorn™s e

und to be 10.77,

. Auangnivgana..
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chromatogram was first performed by comparing their
retention times ( Rt ) with the retention times of
various colehicine derivative standards , ineluding
colchicine , colchicoside , and 3-demethylcolchicine. It

appeared that the peak of Rt 10.77 min was corresponded to
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Fig.13 A typical HPLC chromatogram of ethanolic extract

of &. superba seeds.
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the peak of colchicoside, Rt 18.91 min corresponded to
3-demethylcolchicine and the major one with the Rt 23.37
min corresponded to colchicine (Fig.14). Their structures

are also shown in Fig.15.

\ .
T - major three alkaloids
n'-'-#

In addition to method , TLC was also

used to confirm tH

in the seed ethar® different developing

solvent systems ' N\ o | plates ) were

employed. One sroform: methanol:

10 ¥ acetic aci the other was

benzene : ethyl & methanol; 5:4:1:2

(S2). Both TLC Eﬁx“ally three spots on

the silica gel pla WMof UV light ). While
59 showed the Rf valueui" & .56 and 0.862, S2 showed
_ e u...# Ay

the Rf valueqh

f 'elupad 2 times)

which were al Q@ :fﬁla the Rf values

Ay olchlcc

of authentic

.= hdematarlcnlchlcine and

e “‘”‘Jiﬁﬂ“ﬂ%’*ﬁﬁﬁﬁ‘s
B GT RIIC T i Tl

these compounds in comparison with those of
colchicoside, 3-demethylcolchicine and colchicine. This
was performed by collecting fractions corresponding +to

their peaks (Fig.13) and each of which was subjected

to UV-scanning. The resulted absorption spectrum was
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colehicine derivative standards.
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Colchicine R = OCH,
Colchicoside R = OCgH;,Os
- Demethylcolchicine R =

Fig.15 The stri=o colchicoside and

3-demr g
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constituenty ethanollc extracts of &, superba seeds

“““ﬂjﬁﬂﬂﬁﬂﬁfﬁﬂ%ﬁ’i%ﬁﬂ“ﬁ el

(S1) loroform:methanol:10 ¥ acetic acid, 85:15:1

(S9) benzene:ethyl acetate:diethylamine:methanol, 5:4:1:2

{ run two times )

standards : 1) colchicoside 2) 3-demethylcolchicine

3) colchicine

sample : 4) ethanolic extract of G. superba seeds.
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then compared with the spectrum of each authentic
compound. It can be seen in Fig.l17 that the HPLC peaks
assigned as colchicoside , 3-demethylcolchicine and
colchicine had their spectra absolutely identical to

those of their authentic compounds , and notably that

they were all identics aximum absorption values

at about 240 and

]
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Fig ﬂﬂ/lﬁqujmauglq nﬂ‘] ﬁ ﬂssu{ned
as colchicoside , 3-demethylcolchicine and

colechicine as compared with the spectra of
their authentic compounds.
A) Colchicoside B) 3-Demethylcolchicine C) Colechicine

fraction from HPLC peak ; —-———- aunthentic compound.
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1.3 Calibration Curves of Standard Colechicine and

Colchicoside

The standard curves of colehicine and

obtained by the HPLC method

prolehicoside which were

are shown in Fig.18. howed linearity of the
peak area — CONCEums Vr-#g,ﬁff hip between the
concentration r_ s | e O lchicine(Fig. 184)
and 5-50 ng" 4 ﬁi-.i;;?'.lﬂB}. Results of
the regression . t W-tion coefficients
{ r ) were f§ colchicine and
0.9969 for colg ations of standards
are listed below
For colchicine: v \ 5.75, n* = 8, r=0.9988
For colchicoside: 1515.53, n*= 6,r=0.99869

¥ n = nunberi————— ;9 els.

y: : & t“’r |

L o s
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that? colchicine and colchicoside were the two major
constituents of &. superba seeds and that both alkaloids
could be gquantitated simultaneously , determination of
their content in &. superba seeds of wvarious sources

was carried out. The purpose of this experiment was to

study the variation of colchicine and colchicoside
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Fig.18 Calibration curves of standard colchicine and

colchicoside by HPLC method.

A) Colchicine B) Colechicoside
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contents in &. superba seeds which had been produced

from different geographic conditions of Thailand.

Based on the peak areas of colechicine and

colechicoside in the HPLC chromatograms of wvarious samples,

the seed content of, |flx/’inds was calculated using

—

the established B -fﬂ 7__,——% ig.18A and 18B). The

results showed f sl s e r Smm——— obtained from various

parts of Thailg g/l PNNINENNGC1y  high level of

|'ﬁl"\ g 81 ( 1.46 % ) and

M A%d highest content of

colchicine , . X ( w/w ) and

colchicoside s shown in Table 8
and Fig.19,
from Chanthabujy
colchiecine. ) ned high level of
colchicoside 1.05 % , respectively.
The ratio naﬂ ;iﬂ in both samples

Vv,
was found to™ g ratio  was also

i
similar to aT

nther seed samples (F; .19) except the one

from Pﬁlﬂﬂ:?mﬂﬁwmmle that showed

lower cdjtent of calchlclne than cnlcnlcoslde

Tmﬁ'ﬁﬂ‘ifﬁﬂﬁ“?ﬁ%?ﬁﬁ*“”*”

From Chiang Mai, however , the &. superba seeds
appeared to contain the lowest level of colchicine (0.83%)
and colchicoside ( 0.67 % ). It should be noted that the
plants in Chiang Mai were originally cultivated using the

seeds from India. This is different from the other
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Table 8 Cokchicine and cokhicoside contents in the seeds of & syperts obtained from
various parts of Thailand by HPLC method.

Source of ° Colchicine  ° Colchicoside ®|  Total cokchicine and P
G suyperbs seeds (x w/w) (% w/w) cokchicoside (x w/w)
Chanthaburi 1 1.305+0. 045 1.08440, 043 2.380+0. 044
Chanthaburi 2 1.426+0.0 0.022 2.477+0.025

Prachin Buri 2.300+0, 040
Lop Buri 2,2430.048
Chiang Mai 1.506¢0. 021
Chumphon o1 2.618+0.030
Chumphon sa 168780, 021
Chumphon e 163540, 041
Songkhla 1.023+0.022

2
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Fig.19 Bar graph of colchicine and colchicoside contents
in the seeds of G¢. superba obtained from various

parts of Thailand.
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#. superba plants which were grown from the tubers of Thai

cultivar.

In Chumphon’s experimental field of Thai

Commodities Company , ould be noted that the seed

colchicine content jnuously from the crops

of 1888 (1.06 %) A 2b1e 8 and Fig.19 ).

——

In te rhicoside summation

{ Table 8 ), values over 2.2 %

of dry weight om the eastern and

central proviy he content appeared

to be =slightly rept  for the crop of

Chumphon 19381 whi .B % . For Chiang Mai

to colchicoside content

4,

Y

samples, the

was found

iR =¥

1.5 Deternapatlnn of Tntal Content of Colehicine and

FI%JE‘IQ"FIEIB‘V]?WH’W? Buche

—Spectrﬂphntﬁpatrlc Hethnd
mmﬂ‘smummmaﬂ
q mentioned earlier, he HPLC chromatogram
(Fig.13) indicated that the ethanolice extract of
G. superba seeds was relatively clean. Only three
components of colchiecine , colchicoside and 3-demethyl-
colchicine could be detected by the UV-detector set to

the wavelength of 350 nm. As a result, it would be



B85
possible to use the same wavelength to determine the total
colchicine derivatives in the extracot by UV-spectro-
photometry. In doing this, a standard curve of colchicine
was first constructed. It was found that the curve showed

linearity in a wide range of colchiecine concentration

(Fig.20). The lowest coilid e concentration that could

S/

be detected was 0.,

upper conecentration

——

limit was at leass

25

L)

Absorbance

03 | e
Y

L AF

20 & 40 50 60

AUt neminying
LN e (R

With this calibration curve of colehieine, the

I -

resulted content of total colehicine derivatives in the
ethanolic extracts of G. superba seeds was found to be

closed to the values of total colchicine and ¢olchicoside
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in the same extracts as determined by the HPLC method

{ Table 9 and Fig.21 ).

As shown in Table 8, more than seven out of nine

samples showed less than W0,.% difference between the value

of total colchici ; _1 Yres determinded by
UV-spectrophotome - — | L s of total colchicine

and ecolehicosi It should be noted

that these Chanthaburi 1 ,

Prachin Buri , ™ , Chumphon 88 ,

Chumphon 88, a4 ak of 3-demethyl-

colchicine (Fi from Chanthaburi 2

and Lop Buri, o wed relatively high

) AR ‘ :
amount of this conffol(faEteisian .®lherefore, in general,

o
the spectrophotopsiss= ld replace the HPLC

method for ri colchicine and

colchicoside

S

-l

AuEINENIngng
RININTUNRIINGINY
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Table @ Total colchicine and its derivatives in & superfe seeds determined by LV-
spectrophotometry compared with the totsl value of colchicine and colchicoside by HPLC
‘ Scurce of  ° i Total colchicine ® Coichicine and
& syperbs seeds derivatives cokchicoside (xw/w) % Difference
(xw/w) by by HPLC
UV-specirophotometry

Chanthaburi 1 P 4 238000044 3.66
Chanthaburi 2 r . éﬁ?‘r’;ﬂ.ﬂ?ﬁ 10,77
Prachin Buri i 0. D40 2.33
ILEI[J Buri . 045 12.06
Chiang Mai 0.40
Churmphon a1 2.57
Chumphon go 8.12
Churriphon &8 4,02
| Songkhls 1.54

g : See Plant Materials in E“‘
b : Mean « standard deviation (r
: Mean + standard deviatigass=s

1
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Fig.21

Bar graph of total colechicine and its derivatives

in &. superba seeds determined by UV-spectro-

photometry and those of total colehicine and

colchicoside determined by HPLC.
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(B)

Fig.22 HPLC chromatograms of ethanolic extracts of

G.superba seeds from various sources of Thailand.

A) small peak of 3-DMC seed samples

B) relatively high peak of 3-DMHC seed samples
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2. TLC-D it Eri Analvsi ¢ Colohioi = Yari

2.1 Optimization of TLC-Densitometriec Conditions for

Colchicine Determpiration

rtions of powdered

plant material &. superba and

volumes of e 4T = N N ethanol ) were
investigated i r ool a". est extraction of
colchicine.

ryving various sample

sizes and volume: solvent followed by

extraction under reffErro O¢c. After one hour,
e i-j “::' 4 s

colchicine '.5[71 3 ¢ 'ract was then
7 4

guantitated The results,

as summarized® in Table 10 , showed™that the optimum

AN
SARTR A TIE I8

throughout in this study.
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Table 10  Optimum proportion of powdered samples from various plant parts of
& syperbe and volume of extracting solvent (esx ethanal)

E Plant parts Powdered samples (mg) Volume of asx ethanol (mi)
J Seeds 40 10
| Pericarps 10
| Tubers 10
! Flowers 10
1' LEaves 19
! Stems 10
2.1.2 [ Mo iCivent System
Tt "’- r a suitable
developing sq V ,‘ii on of colchiecine
from other siij . : bus @l hanolic extracts,

noyr

a number of solvend systems wege tried. Table 11 shows the

st or o] UHANENING DT o

the resulted Rf walues uf cnlehﬁﬁﬁﬂr]a E]
According to Table 11, almost all the developing
solvent systems gave relatively high Rf wvalues of
colchicine ( 0.74-0.81 ) except the systems of chloroform:
methanol : 10 X acetic acid ratie 85:15:1 and benzene:

ethyl acetate : diethylamine : methanol, ratio 5:4:1:2
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Table 11 Various solvent systems tried for TLC separation of colchicine in ethanolic
extracls of various G syperbs parts

Developing solvent systems used Ratio Al valbe *
with Si gel 80 Fasy of cokhicine
Chioroform : melhanol : 10x & FREEN 0.62
—

Chioroform : acetone : 0.74
0.7

Benzene : elhyl acelate : 2 0.53
il 0.7

: 2 078

i3 0.81

* Af vale was cakulated fror ‘

migration distance of the solvent

which gave <t Rf VT . ' ‘.53, respectively.

he latter twof g@ystems weQy used for separating

calnhlﬂlﬂﬂ uc&l ’lﬂﬂ:ﬂ ‘imﬂ’lﬂ ﬁant materials.

The results showed that €he solveun system of@dhloroform :

- AR TANDIUURIINLAR ... ....
the other system in the separation of colchicine in every
plant part used in the experiment. No interference from
other components was observed either under 254 or 385
UV light under this TLC conditions (Fig.23). Furthermore,
the UV-spectrum of the spot of putative colechicine from

various plant parts were indistinguishable from the
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Fig.23 TLC patternse extracts obtained from

various plaj i =954 UV light.
v A

standards : SN - ¢) colchicine

D e) éaricarps

samples eeds tubers g) flowers

- IENINEING —
qmmnﬁﬂmmmmaﬂ

spectrum of authentic colchicine (Fig.24). These results
indicated that colchicine was completely separated
from other compounds. Therefore , the solvent system of
chloroform: methanol: 10 ¥ acetic acid (85:15:1) was used

throughout in this study.
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Fig.24 UV-absorption spectra of authentic colchicine

(——=== » and the compound of similar Rf values

obtained from wvarious parts of &. superba (

Y
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2.1.3 Determination of Optimaum Wavelength for

TLC-Densitometric Analysis

The optimum wavelength used for TLC-

densitometric analysis of colchicine was determined by the

absorption spectrum cg _The spectrum was obtained

by using twoc me’w bphotometriec and TLC-

densitometric. WIS = oe . e M. ric method, standard

colchicine solggd//f LS N, EtOH was used to

ultraviolet ranrgf 4 & "2l $ WoW\sing 95 % ethanol as

obtain the a! hicine (Fig.25A).

The colehicineg 1 em cell in the

AR AN -wo values of maximum

\
!

lch were closed to the

blank solution.
absorption, 235
values  reported ETTIA T, and 350 nm, BP, 1888 and

i‘g“‘ "y

243 and 350. (N : £

- —— — =

Vi

¥ LC-densitometric

With meti™i, the absorption
spectrumﬁuﬂlﬁﬂrﬂ annrﬂ-ﬁectly from the
colchicing] spot a 1 1ca which was developed

@ [TTW TRTINY ﬁgﬂ
Qresult absorptlion spectrum aine is shown in

Fig.25B. can be seen that there are two wavelength
values of maximum absorption : 250 and 353 nm. To avoid
possiblé interference of other compounds at the short
UV wavelength (250 nm),the wavelength of 350 nm was chosen

for the TLC-densitometric determination of colehicine



throughout in this study.
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Fig.25 UV-absorption spectra of colchicine

A) by UV-spectrophotometry

B) by TLC-densitometry
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2.2 TLC-Densitometriec Chromatograms of the Crude

Ethanolic Extracts of Various G. superba Parts

Using the established optimum conditions of

extraction, solvent sysfeh and TLC scanning, TLC-

densitometrie chromal ude ethanclic extracts of

various parts of el rba Wl opbtained. The plant

parts used folz 1 — ;". seeds, pericarps,
flowers, tuber > A5\  f"'1E5-~ shown in Fig.26,

all parts of bchicine which was

well separated B%ier the established

conditions. Tk “ . (less Rf wvalue) was

believed to be { 3-DMC ) since it

co-chromatographe Md 3-DMC. Similar to

colchicine, S_DHC,?ﬁﬁﬁajEﬁf a present in every part of
B -

G. superba i gLtjicoside, was also

-

found to be '_ﬁ, S eak in the seeds,

no other partS™®were detected. The pr™sent of colchicine,

YA Wmﬂ’mn -
““qmmnm URIINYA a )
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Fig.26 TLC-densitometric chromatograms of the crude ethanolic

extracts of various plant parts of &. superba
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2.3 Method Validation

2.3.1 Calibration Curve

The calibration curve of standard

colchicine which wass 1 | elotting between the peak

areas against oG ppﬁ_,,gﬂf_jon is shown in Table
12 and Fig.27. e i S el © Was linear in the
range between g ; I'ﬂﬁ' “;;;' application volume
of each colek : | alent to 0.025 to
0.30 pg colehy The correlation
coefficient (r) “_, 7 pr Ao -%Ii. §1 and regression

equation was }.98683 ( n=7 ),

where vy = peak ai
X = ( pg/spl )
n = thN :”r ne concentration
13?& ES
P = cnr“rlatian cOEflelEﬂt
ﬂHEI’J\WEW]’iWEI’Iﬂi
3“3. ccuracy
qmmmmum'mma d
| known concentrations colchicine

were prepared and then were subjected to TLC-densitometric
analysis. Subsequently , each calculated colchicine
content was compared with its actual concentration. The
results obtained are shown in Table 13. The mean percent

coefficient of wvariation was 1.88 at all concentrations
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which seemed to be well acceptable.

Table 12 Relationship between colchicine concentrations and their

peak areas as determined by TLC-densitomelric method

Colchicine concentration Peak area 8
g / ml g /5 Wl (x 1000)
5 | 5. 0040, 244
10 11, 7540, 261
20 22.03:0.184
30 31.40+0.044

40 43.23:0.589

50 54, 04+0.452

84.05+0.325

a
b
10
o - ——
N |
4

" AUEINYYINLINS
Qﬁﬂﬂﬂi Sumvingnd

10

Peak area ( x 103)

D - i i i ! i I
0 0.03 0.1 013 0.2 0.25 0.3 0.33

Conce (pg/5pl)

Fig.27 Calibration curve of standard colchicine obtained

by TLC-densitometry.
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Table 13 Cakulated concentrations of colchicine compared with their known
concentrations by TLC-densitometric method

Known conc. J-gkuisted conc. @ x CV b
(g /ml) /’ 2/ ml)
10.20 | 0.30
20.40 2.40
25.59 1.0
40,4 >y hwa | aﬁx“ 3.04
A\ 3.43
0.06

Furthermore the TLC-densitometry

was also ¢ F‘ using the same
conditions dQLc pii§vious experiment

{ see(5) in Chag}er ETE ¥ Ethannlle extracts

- “‘“’ﬁﬂﬂ?ﬁ]%ﬂ%?ﬂilﬁﬁ‘édmmci

colchicinfeontent by Pnth TLC- densltcmetr o and HPLC
e LU ATUURIRN Eﬂﬂﬂuﬂ by both
meth were then compared with each other. results
showed that the colechicine content determined by both
methods were very closed from one another with the mean
percent coefficient of variation of 1.88 at all samples
( Table 14 ). This suggested that the TLC-densitometric

method was reliable.
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Table 14 Colchicine content in & superts seeds determined by TLC-densitometric

method compared with HPLC method.

f Sample no. Colchicine (x w/w) sV ©E
! [
HPLC @ TLC-densitometry ©

1 1. 45650 (R4 1,48020.0037 1.62

2 1.4 (r(,ON7 2.81
3 ,_ e 0.63
4 - - — 178

g : Mean = standard™ ey
b : Mean + standarcyg

¢ : % coefficient of vay

=

e recision of TLC-

densitometric JjecH - =mplas (n=10) of a

crude ethanuhc extr&ct of &. superba seeds were analyzed

accardmﬂlﬂ ﬂféﬁﬁﬂ%@w Ej:"ﬂ:ﬁ The results

obtained *-are present?d in Tabls 15. he percent

W’l&*ﬂﬂﬁﬂ&ﬂ%’l%ﬁ%ﬁﬁﬂﬂ s




Table 15 Precision analysis of colchicine contenl in & syperbs seeds by
TLC-densitometric method

Run no. Colchicine (x w/w)
1 1. 164
2 {104

1170

1. 161
1.215
1.254
1144
1.158
1.143
1.130

Mean (X) 1.174
Standard deviald

x Coefficient of vigl' fl (% Gwaiialy | \N 3.15

0,037

AULINENTNYINS
RIAINIUUNIINYAY
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2 4 (Colechicine Content in Various Parts of &. superba

Plant

2 4.1 Distribution of Colechicine in the Whole

Plant

. cn of colchicine from

other compones: kracts of wvarious

G. superba colchicine be
determined Based on the
integrated ar g ¥y = '=EH', Mg hicine appeared in
the densito] | { Fig.26 ) , the
guantitative dj lcine in the whole

¢. superba plant This was carried out

by separating the nt into seeds,pericarps,
flowers, Gt S leaves and stems,

because of - » ™M=re further divided

|
ol g

into small port*ans (nine purtlonsj from the bottom to the

= AUEININTINGING
11‘&51&%%%%%%%@ o

ibuted in the mature &. superba plant according to
Fig.28. he seeds apparently contained the highest
amount of colechicine. Its content was found to be up to
1.35 ¥ of dry weight as compared to 0.86 ¥ for the
pericarps , 0.40 % for the flowers and 0.268 ¥ for the

tubers. The leaves and the stems showed the lowest
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ﬂmﬂlﬁﬂﬁfﬂﬁ%’ié’}%ﬂ VR coreroe

plant The values were obtained from three plants
( For the pericarps, seeds, flowers, and tubers ,
n=3 ; For the leaves and stems, n=1 ). The percent
standard deviation is between 0.06 and 4.21 % at

all sample portions.
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amount, approximately 0.06 and 0.053% (w/w), respectively.
However, it appeared that the leaves and the stems near by
the tuber and shoot contained higher c¢olehicine content

than the middle portion of both parts ( Fig.29 ).

0.1
009 k
008 L
0.07 F
006 F  —
005 L
0.04 F
003 F
0.02 |
0.01 F

0

Colchicine (%w/w)

Fig.29 Bar - £l leaves and
L = £ L s
stems ®tained from various poi™ions of the mature

AU I NG

tinae

QROANIMNRIANEIAL. ..

Plants

G. superba plants with two months before
maturation were collected and subjected to colehicine

determination in order to compare with the mature plants
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with respect to their colchicine distribution. The
fresh premature plants were separated into the parts of
seeds, pericarps, floweres, tubers, leaves and stems and,

after drying, were determined for their colchicine content.

Fig.30 show 1 & colchicine content in

each parts of { 5 L1 C e b2 as compared with

be seen that while

the results frs 2] i .

the ecolchiecin ' i ﬂz \ EFET' flowers, tubers,

leaves and st 1ifferent between

the two plan g, ' ; 2 \ young pericarps

appeared to be | hat in the mature

pericarps. 5inc were collected from

the same place Chanthaburi ), the

difference in the atent shnuld have come

Y

,
changes 1in ol = i he maturation of

from the i fﬁ £ Therefore,

capsules were I vestlgated in more det 1™

AU ﬂcanummn N3 . oumerse
ﬂmmmrﬁﬂmﬁwmﬁ'ﬁ

In this experiment, the collected capsules
were divided into six groups based on theilr maturity and
capsule sizes. These groups included young capsules
with less than 3 cm long , 3-4 cm , 4-5 ecm , or more than

5 em long and ripe capsules with non exploded and exploded.
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Fig.30 Comparison of colchicine content in wvarious parts

of G. superba between the premature (A) and mature
(B) plants. The plants were collected from Amphur
Ehlung, Chanthaburi in August 1992 (premature) and

October 1992 (mature plant).
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In each group, the seeds were separated from the capsules
and colchicine content in both the seeds and the remaining
capsules (pericarps) wWere determined by TLC-densitometric

analysis. As shown in Table 16 and Fig.31 , the young

capsules with differ% Rl izes seemed to have no
significant diffegs colehicine in their

seeds on the eight (1.06-1.17%)>,

although with tI -h”wuif apsule ( less than
3 ecm ) which ¢ W content (1.33 %).
It should be nﬁtf seeds obtained

from the 3-cm d light in weight
whereas the sed es were bigger and
heavier. There lchicine content on
the basis of perc :::?_‘¢ 1a® relatively similar,

al weight of the seeds

=9
A

the total col

must be cons

*a

The raqp ts of the . chhl¢1ﬂe content in the

pern.carpﬂaHH%Hﬂ%ﬁ&WﬂMﬁlsIt can be seen

that the lchlclne canipnt in the perlcarps btalned from

AR IA TN I NYAAE: o

guantities and apparently showed the tendency of

decrease 1in colchicine content during the process

of maturity.
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Table 16 Coichicine content in & syperbe seeds and pericarps obtained from various

capsules different in their maturity and capsule sizes.

Maturity and capsule sizes Colchicine (x w/w)
Seeds " " Pericarps *

young capsules, < 3 cm long 1.33+0.015 1,68+0. 053

young capsules, 34 cm long 1. 46+ 0. 015
young capsules, 4-5 cm ONQ_ 1.4140.030
young capsules, » 5 cm 0! : 1.17+0.002
: 0.02+0. 048

0.32+0.010

Colchicine (¥w/w)

=
L |

<3cm 3-dcm 4-5cm >5c¢m Exploded capsule
Ripe capsule

2

9

Young capsule sizes

Fig.31 Bar graph of colchicine content in &.superba seeds
obtained from various capsules different in their

maturity and capsule sizes.
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G. superba pericarps

obtained from various capsules different in their maturity

and capsule sizes.

A) Bar graph
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