CHAPTER 1II

MATERIAL AND METHODS

MATERIALS

\Jspecimens were obtained

from the High land Agr 0 i AR Weallsart University, Doi Ang

1.1 Caljjjs 1508

e SRR 20
o RIESS T IET

1.2 Cell suspension culture medium

Cell = suspension culture medium was M5 1iguid medium

supplemented with 25 levels of 2,4-D and BA, IAA and BA recombinations
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2. Surface sterilant

Surface sterilant, 70% ethanol, Clorox (the commercial
name of bleach containing 0.525% NaOC1 as an active 1ingredient) and

tween-20 (the surfactant).

3. Growth regulato

4.

Staining ne, acetocarmine, and

aceto-orcein,

5.

Chemical age / ticn, qualitative and quanti-

tative determination. . ( AR. grade) were used in

this study.

5.1 Oradic solven

B A PTWEYR Frore: sntore

ethyl acetate, ﬂ-haptana and chlgrnfurm.

RN INURINY A

quan ical agents

TLC quantitative analytical agents, e.g. methylstea-
rate, a commercial standard pyrethum extract of PBK (provided by
Wellcome Company, Thailand) which assayed for 24.8% total pyrethrins
were employed. The extract contained 15.1% pyrethrin I and 9.7%

pyrethrin II.
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1. Glas fo su

Glasswares for tissue culture, were 50-125 ml vials, and 25-

1,000 m1 culture flasks with CRVRG-

ation were 50-2,000 ml
beakers and 10-1,00 , 'i M A%ith cover and stirrer.

W

Misce Innauus

for atarilizatif were laminar air flow

mrm ‘VIEWIT‘N BN
QRSN U YR AN L e,

e.g. temperature, photoperiod and 1ight intensity.

3. . r t

Miscelleneous for tissue and cell preparation were surgical

blades, forceps, Whatman No.1, nylon mesh (148, 94, 62 and 40 um).
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4, Balance

Coarse and fine balance (Sartorious balance model GMBH

COTTINGEN Type 1507 and 1702)

5. Microscope

Nikon FX-35 A

' @ptiphot, Japan

6.

Swinging
9. Pipetteman 1nJ
10. GC apip=

p v

11. HPLC apér atus.

FI'LIEI’JVIEWI?WEI’]TS
QW’IMﬂ‘iWﬂJ‘Iﬂ’]’J'ﬂE’]ﬁH
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METHODS

This experiment was conducted at the Tissue Culture Laboratory,
- pepartment of Biochemistry, Faculty of Science, Chulalongkorn University

during December, 1986 to December, 1989.

sterilization was A 4 9 the tissue culture.
harative studies of
the determination of
s efficienc i) centrations and surface
sterilization times g f L rparing sterilized plant
tissues before starttng ths ion. The following procedures
for surface ster{GJSEuuuTa _;,-EM‘(, 7,’r|.|m tissue (Tables 2

v
and 3) have been | £ d good results.

W

1.1 Pre-gtar rilization

AL 'J NN IV wces ren 1o
W R T

were cut into 1.0 x 1.5 cm squares. For pre-sterilization soaked those

¥

pieces in tap water and then separately placed ca.10 pieces in each
vials (75 m1) filled with ethanol (70%,30 m1). Keep specimens in the
solution for 2-3 min. and subsequently transferred into freshly steri-

lized vials (75ml1). 7
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Table 2 Steps of surface sterilization of Pyrethrum tissues.

Time (min.)

Step of : Chlorox (MNaOC1 0.525%) .
sterilization concentration (%) 1 2 3 4 5

1 0 .. Al A2 A3 Ad A5

. AB AT A8 A9 AlD
A2 A13 Al4  ALS
A17T  A18  A18  AZ0

or 15 min.

irile water prior step

Table 3 Tissue % e"tablishment

Plant parts

Stem -t%gia and further
" Y
Petiole . ‘=4 ade before dissected
. ¥
Leaf blade - - gtrips across the leaf blade and

All dissect

'te™ flat surfaces 1in

contact with nnd1uu. Hs agn znd Hudium cnntuininn 2,4- (1.0 mg/1)
recombined with BA (3.0 mg/1) er 2 11 1umi-
AR R T
25 +
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1.2 Surface sterilization

Starting from this step, the rest of the experiment
have to be carried out aseptically. 30 ml each of the four Chlorox

concentrations (0, 10, 15 and 20%) was poured in vials. Added 2-3 drops

‘ jal. Shaked vigorously on the
rotary shaker (100 rpm) foliSS N ‘ S0, 2, 3, 4 and 5 mins.) and
subsequently, transferr:® - W= the vials containing 5%
NaOC1. ATl vials we e 'y %t 60 rpm and finally

rinsed all explants "~

e next step, callus
establishment, was con v ;J‘:u 1 { W The sterilized explants
from 1.2 were placed o petri dish and cut into

sizes. Dissection method 150w Table 3.

1.4 C y:TfT_TTf:______—; IFJ ;

“s characteristics after # days of cultivation,

e ”fﬂﬁﬂﬁ'ﬂﬁﬁﬂﬂ'ﬁ“”"w

Gnntam1n&t1nn gf}

RIAINTUNAT Nng”*

Death (%) = Death ;jssug x_100

Total no. of experimental tissue

Survival (%) = Survival tissue x 100
- Total no. of experimental tissue

where the total number of experimental tissue was 30 and each explant

was available for one culture flask.

110312304
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2. Callus culture establishment

Two major aspects were studied. The first was a medium
constituent requires for cultivation, e.g. organic constituent, salt and

carbon source concentrations. The second was physical factors such as

culture Tight intensity, dark temperature.

2.1

ound to be effective for
callus cultivatio nerefore various the
concentrations of n this study and the

medium constituents

y each sterilized explants
into each culture vial induction medium supplemented
with 2,4-D J-irations (ca. 30
replicates/treatmerisy ° i;. Ttivated in a culture

room with fluoresc®™it illumination of 2,000 Yux for an 8-hour dark

“ﬁuﬂﬁwwwmm

2.1.2 Charac§'rist1c nbs ation

71 AINIAIBAANLINY, . .

an 1nuculat1un. Then the comparative studies and the determination of
the efficiency of each treatment were carried out by these equations
(Figure 7).

Percentage of = Total fo 100
callusing Total number of Experimental explants
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Score signified = Total score
size of callus 10

Measurement of growth and development of calli
were carried out and recorded after 6 weeks of inoculation by mean of

Growth Index (GI). GI could W'jated via the equation below:-

1 strength and half

#xplants 1into shape (Table

3). Separately transferredi=is glture flasks containing half

strength and ful ',_V.,u,_f__’?f,;-- m_ s ith 2,4-D (1.0 mg/1)

-
il
l

and BA (3.0 mg/1)? V “iture room with 2,000

lux of fluorescent “ umination for an 8-hour d&= pariod and maintained

:;:::,;i:fmzfﬁsafww 2117 -
N RENFRIAFING A

Photograph records carried out at 8 weeks after
and inoculation. Then the calculation of sign signifies the intensity
of callusing and GI which were used for the comparative study on the

efficiency of each process were carried out,




Table 4 Interaction of 2,4-D and BA effecting on pyrethrum
callus initiation

BA Concentration (mg/1)
2,4-D Concentration

(mg/1) 0.0 1.0 2.0 3.0
0.0 81 B2 B3 B4
0.5 85 Be B7 Ba
1.0 BY 810 Bt B2
‘1.5 . 813 Bi4 B1s B18
2.0 ¢ B18 B19 B20

All explants were | ‘ ‘dtrength MHS agarized medium
containing var{iou= oo / owWwth regulators as above
i1lustration uns , —amwcont {1lumination with
an 8-hour dari_o temperature ranga of
25 + 2 %

Tabla & ng on pyrathrum call

Wtration (mg/1)

2,
2.0 3.0 4.0
0.00 c3 c4 cCs
0,25 ca ca cio
0.50 c13 c14 c15
0.75 cia c19 c20
1.00 c23 c24 €25

0.5 g Len n ‘ gth M8 11quid medium
TR, C————————————— . = fsgulators as above
11lustraty 8 MY Jiescent 11lumination
with an B-ViSg : temperaturea range of
25 + 2 ¢ o'] rote

AF

Sugngninnns. ...

culture

(Y

(mg/1® 0.0 1.0 2.0 3.0 4.0
0.00 D1 D2 D3 D4 DS
1.00 D8 o7 D8 _ D8 D10
2.00 D1 D12 D13 D14 DIs
3.do D18 D17 D18 D19 D20
4.00 D21 D22 D23 D24 D25

0.5 g Leaf calll weare cultured fin 25 ml full strenpth M3 liquid
madium containing various concentration as above {1lustration under
2,000 lux of continuous fluolescent {1lumination with an 8-hour dark
period and maintained at temperature range of 25 %+ 2 *C on a rotary
shaker (100 rpm)

38



:, derived callus.

1=ca unsnu‘rgm

ﬂua‘mw‘mmm
QAN ININTING1A Y
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2.3 The environmental factors

The environmental factors that affect the callus

culture are light and temperature.

2.3.1 Light

attempts to investigate the
appropriate conditi us initiation had been
conducted 1in two ®on of fluorescent 1light

(2,000 lux) for a inuous dark condition.

rethrum explants were
‘ dish and immediately cut
into sizes (Table 3) o fiilr f, rring each piece to vial
containing the callus 1-g£%;ﬁ supplemented with 2,4-D (1.0
mg/1) and BA ta.f;_u;__,_,u._,:;-.,p_ icates/treatment) were

\vl'

separately maint® uorescent 1ight (2,000

i "
Tux) for an 8-hoe dark period and continud®s dark condition at the

TN en g

2.3.1. 3- Characte 1st1c absarv
QW’lﬂﬂﬂ‘imﬂJJﬂ']le'lﬁﬁl

The temperature range of 25+2°C and room
temperature of 3n¢2°n were chosen during an to investigation which is a

more optimistic condition for pyrethrum callus culture.
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2.3.2.1 Procedures

Aseptically cut sterilized explants
into sizes and transferred to vial containing the callus 1induction
medium supplemented with 2,4-D (1.0 mg/1) and BA (3.0 mg/1). Specimens

were cultured Sﬂﬂﬂi_"‘ﬂtﬂ"f I'ﬂ‘ '§ temperature range of 2512“': and room

temperature. The {1lun W ﬂcent light (2,000 lux) for an

8-hour dark period wiSSE——

Bwotdc observation

o investigate the available

information on nutr1t,.!‘4 amental factors affecting the

establishment e — Atlres.
Y J

Y
1. Freejip1] anees _...n-f‘ﬂf- rmat 1o

‘iﬁ ﬁ | ﬁhe formation of free
cell and @uﬂ: fﬁaﬂ tmﬂﬁn Concentrated in ‘this
invest n P tﬁﬁ tﬁ ' :ﬁ t 1initiation of
freaﬁjdaggilﬁn ﬁnt rﬂﬂn EL requirements
of media concentration and' culture conditions.

1.1 Media formulation.

Salt reguirement of cell culture suspension was also

the first step of the investigation. MS liguid medium had already been
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proved to yield the best results. Further organic constituents

supplementation was used to promote the fraé cell formation.
1.1.1 Procedures

Placed ase

ically friable callus on the freshly

d@as, not longer than 2 cma.

/ﬁr flask (125 ml)containing

e ith growth regulators at

sterilized petri dish an
Transferred 3 pieces of
50 ml1 suspension culte _

various concentratice g keep the specimens (4
culture flasks/tres W00 rpm) in the culture
room under continu, dation (2,000 lux) and

maintained at a tempe
1.1

25 were obtained after 10 weeks

of inoculation. ~Scoms “tha 4n cej? formation (Figure 8)

-
e

together with mﬂ‘iﬁ A Qﬁ1apment were carried

out by means of GI jfich we

4 ¢
o A S T A TR Y e
of susﬁn n' q 1¥. ‘ plicates of
each concentration were accepted with satisfactory.

1.2 Environmental factors

Both 1ight and temperature were important factors

affecting the growth and development of suspension cells.
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1.2.1 Light

The characteristics of radiation which influence
the plant development is quite common and also those which affect plant
tissue in culture. These aspects are generally classified as an

intensity, spectral qual the length of the daily exposure

period.

pieces of callus into
Erlenmeyer flas! , éal] suspension culture
medium suppler . 1) and BA (3.0 mg/1).
Subsequently plac# 7, el EH \ lenmeyer flasks/treatment)
» ’ A Wuse fluorescent 11lumination
and continuous dark s |2 [ ;fned at the temperature of
25+2°C on the rotary sh f,r,_;'; AT

iy Jobservation

1
These charatters were recorded after 10

"‘““”*ﬂﬁﬁﬁ‘mmwum |
qmmns NI A Y

1 2.2 Temperature

a) It has been reported that temperature

affected the growth and development of suspension culture.

b) Two different temperature, 25°C and 30°c,

were used to investigate an appropriate condition for pyrethrum
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suspension culture,.
1.2.2.1 Procedures

Trimmed aseptically friable callus to

2 cm3 on the sterilized petri di Subsequently transferred 3 pleces

of callus into a culture f1 g containing 200 ml suspension

'/égﬂnm BA (3.0 mg/1) and

S« Preparation of {noculum

culture medium supplement
placed separately (3 cu
was the same as 1.2.1 4 st 1vation was changed to

two conditions, 25°C

ervation.

Two exti| o e ilf-ethrum flowers are
currently in use. Onegig,percolation yjth the petroleum ether which is

v o] LRV FIEE LR oo o

counter current axtract1ﬂn. Thiqfinvast1gat n has dave]qﬂgd a procedure
ror B RFHFT R A ’%%H’}ﬁdﬁm an
dried culture cells, including with the pre-purification of the crude
oleoresin before starting the pyrethrins analysis. The preparation of

samples were illustrated in Figure 9.
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Mature flowers | Suspension cell
including the Ccallus culture
pollen

filter with
Whatman No.1

fitrate

Suspension
cell

moaast 6 hours

l

Dry suspension
call

|

|

Dry powder
-~ specimens

C14) (b.p. 30-50 “c:u

I

ﬂluura$1n

B 20%

A - yarious fatty acid : oleic, 1inoleic and palmetic acid
- vegetable extractives
B ingsecticidal principle

Figure 9  The process for preparing refined pyrethrum extract.
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1. § t ethrin extract
1.1 Procedures.

Dried flower, callus and suspension cell powder were

accurately weighed and extractad,in the Elenmayer flasks (125 ml1) with

all three volatile orga 'Hq0CH4, BHC'Ia, patroleum ether

A by shaking for at least 7

(b.p. 30-60°C) (

hours on a mechanice! _

ad and tha solvent was

i

removed by evapoiat’ P

residue was tran ! "@‘ ’ \ ' ,.K
el

1; a stream of N,. The

. ial for diluting up to

1,000 ul \
Event 1 e she " Wlution was injected into the
GC column and analysed unde — = = conditions (see GC analysis).

N .
2 ﬁ:_a_t, A2

iy"“ |‘d

r calcu oo ammm—— peak ratio of pyrethrin I
to methylsterate oifgdped from GC gualysis was used for a comparative

.study of tﬂfuﬁl{guﬂﬂm ﬁrwﬂﬂ.ﬂﬁmum.
10Y

2.1 Procedures

The specimens obtained from the sample preparation
i1lustrated in Figure 9 were extracted with petroleum ether (b.p.30-
60°C) (powder:solvent = 1:10 w/v) by three extracting procedures e.g.

1) extracting in a Soxhlet apparatus for at least 7 hrs, 2) shaking
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vigoriouly in the Erlenmayer flask at the temperature of 25, and 40°C ’

and 3) 1immersing in a Erlenmayer flask at the temperature of 4°c.
2.2 Characteristic observation.

The ratio of

rethrin I to methylstearate peak area
obtained from GC analysi to define the procedure’s

efficiency.

rethr

“uric acid was added to solution

of 0.5 ml un1sa1 7 77777777 : ¢ ac " -l:r prepared for use.
| 0

.

dF

giieated at 1@Qr105°C until the spots attain

wtne ol W TR DI T o v

exposure to stian ‘(vater bath) ¢
RSN IWNIIANANAY,

26 g antimony (III) chloride were dissolved in
75 g chloroform. Generally a saturated su1ut19n of the antimony (III)

chloride in chloroform or carbon tetrachloride was used.
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1.2.2 Treatment after spraying.

The TLC plates were heated at 100°C for 10 mins.

The chromatogram was also inspected under long wave UV 1ight.

rcial standard of pyrethrum
extract from PBK (Pyr==* ' " ond world pyrethrim extract
provided by Dainimeme g 73] AN pnn) and one 1internal
standard, methyl ¢ "ayeu in the quantitative
determination of ¥ ®wing descriptions shows

the preparation p

' sre weighted accurately and
redissolved in acetone fori Jwsus2i] entrations of 3.02, 2.7, 2.4,
2.1, 1.8, 1.5, : , separately injected

the solution 'y'l'i yeions.,

rgmatographic mmtiuns -

|IMl e ST
ol mnm ﬁﬁ“ﬁ%‘mﬂfﬂ”’“

Hydrogen (H,) (40 m1/min.)

Detector : Flame ionization detector
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Operating condition :
Temperature
Column 205°¢

Injector port 230°¢

Detector 230°C

10~10 AUFS

olumn at 225°C for 3 hrs

2,2 wasolution

uha ghted accurately and
W Mtration of 2,500 pa/ul
Wed at 4°C. Prior to GC
analysis, added before te jiaesi -5 he external standard at a
ratio of 1:1.

3. standal%Z Y
L ..E ‘
pPeak are®, of external standard and™.nternal standard were

M 1/12 10N (131X 1101 A
RN e TRy

5 ua f ethrins T

TLC was performed on silica gel HF (BDH; 250 mM wet
thickness for qualitative TLC) coated air-dried, activated plates using

these various developing solvents :
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1. benzene/petroleum ether 60-80°C 70 : 30
2. benzene/petroleum ether 60-80°C 75 : 25
3. petroleum ether 30-60°C/ethylacetate 80 : 20
4. petroleum ether 30-60°C/ethylacetate 90 : 10
5. n-hexane/ethylacetate 76 : 26
6. n-hexane/ethy 7 4 85 : 15
T. 90 : 10
8. 48 : 40 : 12
The spot® o’ - ~., h pyrethrum extracts

were dissolved in a cm® above the edge of

the activated plate; \ N BK standard and World
Pyrethrum standard) 4 & fr @‘, ~ plates in the organic
solvent sytem referre Pl .80 \\ emperature. Finally,
plates were sprayed with, - t mentioned in subsections

1.1 and 1.2.

Al
5.1. Inew

Fl %ﬁ%ﬂ‘ﬁ‘ﬁﬂﬂﬁ]ﬂ Fy. packed with 3x

ov-17 (phanﬂﬂthﬂ sichnanan au—wn mesh chrnmnsnrh WHP were

=~ QRIQINTRN PYIYIE Yorgp===~

with "2 Hy (6 : 4) as the carrier gas (30 ml/min.) for 4 hours at the
215%¢ column temperature which was 10°¢C rising from general operating

temperature of 205°C.
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6.2. ion alcu

Two pyrethrum extracts of known pyrethrins content as
determined by the PBK and Dainihon Joju Kigu Company method of analysis
were employed as standards. Solutions of the standards and the unknown

were prepared in acetone con' SR8 F jptiveen 0.3 to 3.02 mg pyrethrins/ml

% ituent was calculated by
triangulation and ‘ for "Pyrethrin I" was
determined. These were the _ s “Pyrethrin I" and "Pyrethrin
II" responses of~thegl | 2 unts present in the

original solutior{“g

ﬂ%&@ﬂﬂlﬂ%’iw mn'a'

Y ALAVIELF O e L T0): i

methanol, chloroform and hexane prior to use in the mobile phase.
Columns were equilibrated with the eluent by pumping through several
column volumes of solvent before an application of the first sample.

A1l the experiments were performed at room temperature (25+1°C)
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6.2 HPLC operating method and calculation of results
In course of quantitative analysis of pyrethrins by
HPLC, pyrethrins content of refined in vitro shoot, callus and
suspension cells extracts were determined. Standard and unknown
solution were prepared in methanol containing between 0.3 to 3.2 mag.

pyrethrins/1,000 ul solvent, and_trace were run using 20 ul injection

for each analysis. A mixtu ' WSy and water (3:1) and the flow

' lnrad in this study. The

rate used ranged from 0.
results were preciselyv __ cad 7! S avia video chromatography

control center modal g

AULINENINYINS
ARIANTANNIING A Y
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