CHAPTER IV

DISCUSSION

Callus Initiation

It has bee s udy that surface

sterilization is partices unevenly surfaced

materials as they har Dccdsiunany a

combination of more thar, nt is effective. A

compromice has to be ac| %% infestation and to

cause as little damage as ,-"".L IR ltured.
\

\
Pal (1985) reportesZss i) and petioles collected

from one-month-old se{ZNidBSS aoc1 (v/v) for 5

min and washed .yii

(]

pu ;1) 1o VI i1 S
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10% NaOCl1 (v/v) for 4 to 5 min and re-sterilized with 5% NaOC1 (v/v) for

P2 ults. Kueh,et al

also reported that plac<

5 min before rinsed twice in sterile water removed all contaminants and
caused no damage to cells,thus was fairly agreed to be the most
efficient treatment. The differences between the highest levels of

disinfestation and the lowest were statistically siagnificant.
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2. Establishing callus culture

2.1 Medium formulation.

Harrington and Smith (1977) suggested that the

mechanism of uptake of a nutrient by plant cells can be anticipated to

The mechanism may be con I/ ' First, is the uptake by
diffusion, and the secga = J = - ich i1s energy dependent
or against a concent s o hctive uptake, one can
anticipate that the gt “a-Wgmoeit of concentration at
relatively high ext&na, : CA ML\ final Ir1e'|id will be

dependent on the 3 a LR wh that very little of

LR

A Y
@g_& NSkh (Maretzki 1970, 1972
\

G

rege— = dre are several classes of
TR

the nutrient will rem

Smith 1976).

Growth

compounds and sav'l big: are known to have

-
-

different regulatc{%Z ix Joment in the whole

plants. These are al|fins, WIRERESTel1114l} abscisic acids, and

ethylene. Of these cogpgynds or clasggs of compounds, the auxins and

ertoinins PR I8} I 4 RS SN TIG cance 10 prane

tissue culture. r

RIANIUIRIINY DA e .

different sources 1n terms of their behavior in tissue lies in the
levels of auxin and/or cytokinins which are regquired for growth. This
aspect of medium composition is the first to be examined 1in the

initiaton of cultures.
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According to the study of Skoog and Miller (1957),
varying the concentration of these two GR in the culture medium of
tabacco pith or callus tissue could acheive either unorganized growth,

growth plus shoot formation, or growth plus root formation.

choi et al (1981) reported that Ginseng(Panex ginseng

As ail e g ' \ Wsa 1 and Table 8, it was

noticed that culture 4-D (0.5-1.5 mg/ml)

yielded similar resuj N hanna (1976), Cashyap

et al (1977), Jain (1 {“1t1on, four groups of

explant response were W h yielded satisfactory

results, highest % Calluj® §0 scoring units and over

3.43 to 7.63 GI units. gast that the most favorable

concentration of i A:la leaf and petiole

explants was 1.0 m:‘ﬁ

-l ¥

In cage &f f explants g sn on medium containing no 2,4-D

o s AU HFA LN IWEARF: e,

may indicate tﬂ!l generally the gn1e of auxins in cell d1 ision seems to
o o QRN T RNRAIN B &B‘” In"the
absence é* auxin, DNA synthesis is inhibited (Das et al, 1956; Nishi et

al, 1977)

For the term, cytokinin, it is used to encompass
compounds which promote cell devision in callus cultures of plant

tissue. The compound has additional physiological effects in plants and
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plant cells.

In test of the effects of 2,4-D and BA on primary
explants, these two compounds are usually initially tested at the
concentration of 0.01 to 10 mg/1 and occasionally as high as 100 ma/1 1s

noteworthy. According to the r

of Miller (1969), Torrey and
Fosket (1970), when 2,4-D ana tn tobacco or soybean cell

cultures or pea root segm ®:sically require both an

auxin and cytokinin, cytokinin is not

‘required.

In the dfrd F I = Mtion number 12, it
suggested the effect £F P g -.._‘ on pyrethrum leaf

derived-callus Initia xogenous BA was not

required (2,4-D and BA might be stimulatory.

4 “ =
The highest concentratic a*’if‘s-“ = /my) altered the rate of

‘ Ly dd o, ‘-
callusing from 26.6% to G e o esults had already been

retested for three f,é, : 2 5 cytokinin played
a role in promoting tijj py™ {.ure 12).

~5hab ¢ rashi 7 s sted that specific
cells or t1ssuﬂiﬂjﬂiﬁﬂﬁ5:ﬁﬂﬁﬁﬁ which are then
transpo heir sites of acfion to coniel growth ami/development,
oo ARSI AN B B s

of plant cell parts, when excised and placed in tissue culture, required

an exogenous supply of auxin and/or cytokinin for growth and cell

division.
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Another point of view for the effect of 2,4-D and BA on

callus initiation of each organ sources summarily 1llustrated in Figure
13. It appeared that leaf responsed to those regulatory factors in the
highest level, followed by petiole and stem pieces respectively. This

occurrence may be caused by whether the existing of GR itself in those

tissues is sufficient for cs v asponse and/or the polarity of

zkmﬂw more evident in some

s Haﬂy very polar and some

ability of stems to

auxin movement. Usually.
tissues than in others"
stems and petioles

transport auxin b® grauient down the stem and
e .

L1

only small amount n addition, it may be

caused by the rate cells which some of

them posess the oute h, W and/or others protecting
the transportation wi{gf« fscd

fatadinis 1

Salts raq

rgﬁﬁf_aﬁﬁ

uptake of nutrients b eIy gurg=has been made and the

>8s where the measurement of

affinity of the ?;, ~;¢ orded (Appendix 10),

For the usual nutrifjjts < AR

J.

”"1&5 vary from 0.003 to

1500 uM. These tran t systems w l be operating at 95 % of their

R 'ﬁﬁl%‘ﬁ P BJH traoras 101

times the afff'ﬂty constant.

AR mmmummm&l. e

have, 1n common, very small affinity constants (46, and 225 uM ,
respectively) when the cells are starved and very large affinity
constants when the cell have an excess of nutrient or an alternative.
This might reflect scavenging mechanisms which can come into play when

nutrients are depleted. Such scavenging would allow some continuation
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of growth by the use of materials which were lost from the cells during
the early part of growth. The assimilation of nitrogen can be dealt
with in three parts of the reduction of HH4+ into organic compounds, and

the interconversions of the nitrogen containing organic compounds.

rted by Reuveny and Filper (1977)
F zate is the reaction with ATP
in which pyrophosphe - de ir"—ﬁphﬂsuﬁata (APS) are the

.,

very important producic N ST T ).

anuded that, despite a

interaction with K* and

optimal level for tal gF g aG=s *-I\‘ lus culture. It seems,
therefore, that the m gia pE urashige and Skoog, was a
dequately supplied to 1“5. .;: of that previous mént1nn are
operating at or "¢ i

A

[
”l‘ﬂ 9) comprised quite low less than half of the
o,

another. ﬂﬁ, — ‘ »source of salts in
medium was Iqldaqua ely m»nmﬂmjﬁam' operation 1in
cellgs ' ] 1 - 1 ,Tﬁ aﬁ the reaction
uithﬂﬂ:lagﬂzm\md A m:l Hd in tobacco

cells under conditions of sulfur starvation or limited sulfur

-
el

)

.E. on 1/2 strength Ms

basal medium

availability (Reuveny and Filner, 1977).
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2.2 The enveronmental factors.

2.2.1 Light. From a splistic point of view, light is
merely the form of radiant energy to which the human eye is sensitive.
More precisely, it 1s a propagating, orthogonal electric and magnetic

field (electromagnetic radiation) characterized by specific wavelength

( ) properties. The normal ears ago was to store sample

/Zght conditionss, periodic

Tr Sme=,0 foot candle (fc.)

tubes in the laboratorwv
exposures to an 117

Fortuitously, this 12y mtaining growth, although

at below the 350 fc ws.not reported) found by

de Capite (1955) for # s annuus, Parthenocissus

tricuspidata and Dauc, spurted that normal room

1ight condition (perfoc % "Nel) was also adequate for

sustaining growth Df-pv bt *E-

rr.i'
an interest in tissue cult ‘fﬁs
.-l"'"l-"" ..l" = ‘-'-;

LYre. More recently as
r'esad, particularly from the
applications aspect, ecognize the basic role

which light p1aye - =1t of the cultures.

o "

Bis " ord and Dunn (1972) and %&nt (1957) stated that

the characteg ﬂT m nt development 1in
general are Qﬁ m ﬂﬁni culture. These
aspec sﬁﬁ cﬁ‘ quality, and
'Iangthq:ﬁepla sildﬁ ﬁﬁMlﬂlﬁ Hr require
red or blue light. Thus, 1ight sources which emit light with this
spectral regions will be effective in eliciting morphogenic responses.
Plant are also sensitive to the number of hours of light to which they

are exposed each day. So pyrethrum tissue cultures which was examined

for effect of light (fluorescent illumination) may be effective in the
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same way. Fluorescent source generate UV light (253.7 nm) in a long-arc
tube by the excitation of low-pressure mercury gas. The UV Tight then
excites a phosphor material which coated on the inner surface of the arc
tube or tubular glass envelope. The phosphor subsequently emits

specific wavelengths of fluorescyojglight ( >253.7 nm), depending upon

the phosphor. For the p tudy, then, is to briefly

investigate that light = éhe growth and development
_ et

“aaobtaining in Table 10
rapid callus initiatiog e was observed to occur
under the photoper ¥ A 7 a . k period (referred to

Solid 1ight grown c Mation noted by GI unit

was meagre two-fold W 11id Dark grown culture).

seibert (19——= and Jaff (1969) stated that
_,"'f-‘i:d .-.'7

tobacco callus g dy fa A, in fact, be either

enhanced or inhibd.& ;‘iﬂf and 1irradiance. In
growth effect, und 4.;! norma EEmpeTLUre corg tinns. csHus cultures
are known to develop #hdmroplasts in @e light, carry out photosynthesis

comarn skl E) QY18 Vg Per] B oc a1 100

However, the prasanca of sucrg@se in theggulture medigny inhibits both
eniord} RARINT U NRAINBIR 1 corer
f1xat1un in tissue cultures (Neumann et al, 1969). Thus, what
photosynthesis does occur cannot support the growth and development in
the callus culture. Therefore, the observation of our culture’s
charucfeﬂstics, friable yellowish-green callus, may be due to the

photomorphogenic rather than photosynthetic effects of light.
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2.2.2 Temperature. Carew and Staba (1965) stated that
studies on thein vitro growth of plant cells have indicated that the
optimum temperature is generally within the range of 25 to 30°¢, but the
species could differ considerably. Matsumoto (1972), using cultures of

Populus and Nicotiana, observed that growth was better at 32°C than at

this range having gtes based on dry cell

yeilds. On eithy growth rate declined

dramatically.

in Table 11 that

growth rate of pyre | ca 2l Al Wown under continuous dark

condition pruﬂdad f'-f &

photoperiodic condition iZikeeii 2 .2 may be discussed for either

one that grew under the

the lacking/decigss 4vlportation in cell or

-

)

declining of tempe abolism. According to

reports of Pal anc” Dhar (1984 and 1985), the™:ffect of temperature on

Z?LZ‘ZZHH&!W[HYI?’WI’TD e
C AT A AR

amino nitrogen utilization which was maximum between 30 to 32°c. Both
of these parameters declined by about 25% from 30 to 25°C, whereas the
growth rate declined very little. In addition, it was observed that
the nitrogen utilization was reduced to a greater extent than was

sucrose utilization at temperatures below 25%¢. This 1indicates
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temperature-dependent shifts in metabolism.

Callus Maintenance

As an evidence illustrated in Figure 19 and 20, the conclusive

results of visual observation bas color and frfabi]ity corresponding

to time of cultivation reve : s of callus development. It
was found to be certainly é\hnmgy within the 1imited
time. The maximum grl:m»n; - . = 5 weeks and suddenly
declined in the 6th g controlled under the

culture treatment fo: be result of diffusion

With respect | i adidd ove - ed by many reserchers,

b dd A\
according to Jain (19740, Fhe ¥ :“.,\.t' ultured in fresh medium
every 6-8 weeks, wherea #Ffy yies : Quiha for callus maintenance

was also performed in CashysCZikd 2/ iment.

In add1tio = R Jo1ant cells in media

which are in generalffjise, o ediumffhanges ; thus, it may

drop as low as pH 7 {iﬁ rell and Dgugall, 1976; and Gamborg, 1970).
ﬂ &4 ?eﬂﬂ%ﬁﬁ%l%m‘imnm of the
cells.

e QIDAINIA RN TN Y

The objective of this study is to investigate an available
information on nutrition and environmental factors effecting the
establishment and development of suspension culture inducing also

secondary metabolite production.
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1. Free cells and aggregrate cells formation

1.1 Media formulation
In accordance with the previons study, a successful
establishment of the suspension culture depends on the initial callus

being friable and it may be nec

ry to use an appropriate level of

growth ragalatas in the cs ifum to achieve the necessary

friability of callus. , /*

7 i, fusy e Altures are suitable for
studying on the regul # /AR @m in relation to grow,
since cells culturey : R nner- 3 vely hormogenous and
' Med. Moreover, it is
possible to analyse Yy ”_,“; PPAN AN secondary metabolite

production and growth i/ 4 € 1 d cell morphology.

o g2 p=st important factors

. :.r
controlling growthi“m AR Jy the morphological

changes during l:u'ltul but G T gear | , bolic changes.

o - RO EONT.
Y ISk (e 11

compared with IAA, a natural one for determination of those said GR
influencing in cell culture. The summarixed results exhibited the
1imiting growth rates in both cultures were higher than culture obtained

on solid media. This may due to rate of diffusion process in the liquid

medium was absolutely higher.
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In comparision of 2,4-D : BA and IAA:BA treatment,
Figure 21 illustrated the growth pattern (base on fresh wt) that 2,4-D

grown culture was a little bit lower than the IAA-Grown culture which

may be replained that

After the “Ist step of establishing free cells, the culture may

form readily and does not re #1_of adaptation when they were

transferred to new mediur

It was reported = rfsermms 2 Furuya et al (1971),
Tabata et al (1971) o weially 2,4-D, inhibits
the production of nig Mwna tabacum cultures.

Zenk et al (1975) also Wkhraquinones production

in Morida citrifolia \WWsupport the previous

discussion.

1.2 The environn

12 Lioht Tha affask S=lo the increasing of
| LY

cell suspension denS%sy = un (1978) reported on

s Y Erﬁﬂwfwmm“
ARAIAFUNNRINEA B o

that 119 had effect on Paul’'s Scarlet Rose and Tea plant cell

the 1increasing of

suspension initiation. Corduan and Reinhard (1972) found that 1ight and
quality of light had an effect on cell culture and volatile oil

producing induction in Ruta graveolen.
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In this study, results obtained in Table 14 were also agreed
with finding of several reserchers in this particular l1ine (Kuch 1985 ;

L

Staba , 1984 and 1985).

1.1.1 Temperature. The role of temperature in

sustaining growth and metabolitg y oduction was still unclear. An

attempt to investigate thisd ‘ \QZ J 4 zeserchers try to examine how

500) examined the effect

- H 2

of temperature on five she extreme optimum were 20
to 21°C (Solium) and, s5on (1965) found that
Haplopapus gracili: saveral times faster

at 30 that at 25°C.

W rariaefolium) suspension

culture were employed t# o oduction of pyrethrins when

it was maintained at 25%¢2

i;»darivad suspension
LY

culture maintained i;; %: those of 30°C (Table

15). This suggesL that temparature over 25“%% may either shift/stop

e “"’"’"ﬁ’ﬂ‘ﬂ TMIINEINS

2. Batch culture gn plg_tzf shaker

ARIRNTAEMH BIANEIEY, . e

axhibitad jdeal sigmoidal growth in three phases, i.e., the lag,
logarithmic (log,exponential) and stationary phases. In general,
suspension cultures in the logarithmic phase consist of small, round
cells or cell clusters which develop to form larger cell aggregates as a

consequence of active cell devision, while most cells in cell clusters
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are composed of expanded or elongate large cells. In contrast, high
cell density of subculture brought about a limited number of cel1l

division before entering the stationary phase (Figure 22).

Suspension Maintenance

Stages of cell d ived suspension culture of

pyrethrum are illustr exhibition of various

visual observations wers

During the g in media which are in

general use, the pH expected to have an
impact on metabolism Itura.aga over 8 weeks
old) culture medium ’ex'i* “ | cells at the bottom of
the culture flask. aither the change of pH

and/or accumulation of unsi ent in media and/or pH change
such above pravi_l | athiz. may be supported by
Figure 22 when y— [:" changes during
culture but also infijrceiie phange Il In addition when cells

¥

entered to the late 1onarr phas some cell leakage had also been

ﬂumwamwmm
“”“ﬁgﬁ‘ﬂfﬁ&ﬁmumwmé’ ¢)

: t. selection of extractin

one of the earliest attempts to refine pyrethrum extract was
described by Gnadinger and Corl (1932). Ground flowers were extracted
with dichloroethane and the extract was heated to remove the solvent.

The residue was dissolved in a suitable solvent, made up to the required




117

concentration of pyrethrins, and cooled to throw out resinous matter.

Preparation of purified pyrethrum concentrate from the who le
pyrethrum flowers has been described by Jernakoff, Batt and Sankowsky

(1952). 1Initial extraction of whole flowers with petroleum ether

removed a relatively large aterial containing only g

/4 was ground to a fine

S| of the solvent gave

small amount of pyrethrins
powder and extracted wit

a refined concentrate conlg

As was evi Sn with petroleum

ether, the solution ex,  highest pyrethrins

quantity. The resu’ WM on indicated that

pyrethrins itself is monc A%, which posesses rather

low polarity and among tno. ather has been designed
to be in group 1 with lowesi :
Eﬁ.f" R »
suitable of partitiss rs “wich" pi athez should be higher

In consequence, the

when compared to th V Y]

2. Selection® [ extr ng procedure

AU BN TG = i

of extractives d#iker 1t had been rafinad by snhrant extractmg First

B v SN e R 1 N

amount of petroleum distillated used to standardize the product,

Another contained 20% insecticidal principle (Moore, 1979).

The comparision of purification processes, in term of

Pyrethrins recoveries, must be made with care. Katsuda (1954) found
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that during the extraction of pyrethrum flowers with petroleum ether,
the higher, the temperature for extraction, the higher the concentration

of resin 1n the extract.

Haus and Price (1962) used a purification process claimed to

produce a biologically potent on-staining pyrethrum extract.

‘/)1 about 20% pyrethrins

aqueous methanol and the

Crude pyrethrum extres
concentration with kercs
temparature was Tower - ., \ i late the separation of

the immiscible layer®:

As the sam in Table 17
suggested that the occi gfe Jf NS, X~ AN axtracting procedure
provided a good agr ibed as the ease of

separation and partici r o __ e Wies of the first fraction.

Conversely, for =75 £ extracting with petroleum

ether 1n Soxhlet S=jas found to be the
procedure y1e]dfn ighest pyrethrins

quantity. This ma w anticipated that thé salvant removed by
distillation ﬂ {ﬂl may not be
completely so1ﬁﬁ m BElPTﬂ jarcm this, the
concentrated extractiva was difolved in . bwer al Y _hydrocarbon
e A AN S N
iuamauﬂ.e_ﬂ_ﬂl?__v_uﬁn sis b

Study on the active ingredients of pyrethrum extract and there
constituents in callus. It was said that, initially the position or

order of the respective "Pyrethrins” on the TLC plates could be
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predicted on the basis of their structural composition. That 1is, the
expected absorption of fluorescent affinity (Stahl, 1966). The initial
assumption was that the higher Rf value, the fewer double bounds and the
mnra—-CHz—groups a substance would possess. Jasmolins have one double

bond less in the side chain of todl membered ring as compared with

As was evident o4 . A eeesosylts are fairly in

agreement with those C, {8y _As} W, Sandararajan and

\\ N\

As was evident : 8- appropriate conditions:

column temperature (205°) and j frrier gas flow rate which was

a short analysis “imad W pe anposature in order to

minimize thermal (L7 h ‘

Therefore, HETF in minimum rate {Fig 26) is the flow rate

at which the E Sﬁﬂ chromatographic
profile desc% Ej ﬁﬂﬂ ﬁ?‘]niaﬂcs. Cinerin
I was as dluted first@mthis may be@gaused of its
Ok R PRIV Al i} Tab 1)

The plotting of amount of pyrethin I in relation to peak area
ratio of standard calibrating curve (Figure 28) shown an excellent
linearlity of response. This was designed to utilize for determination

of pyrethrin content in vitro culture cells. Figure 29, the topical

test, illustrated profile of pyrethrin I contents in callus which was
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decreased from first to third developmental stage, it was, may be caused
of the mortality of cells when cultures were maintained in the same

conditions more longer than the given time,

Quantitative analysis of pyre

From the early

/Ach has been found to be in
callus culture (Figure s-.ha- ~'-v—-- of unsufficient specimens
for GC quantitative =g meeguantitative ana]ysis.was
established for de’ g msontents in suspension
cells. HPLC chroy Waclearly indicated the

differences between c, Stﬂnd\.ﬂl"d-

The results spension cells which was
extracted by given ¢ A_q@:‘ a™8) found to gain too much
impurities which may be ZZ7i)| <) of vegetative extractives or

lipids containin| '.-_‘,_,,- . with varine ael 1s.
iy_'f |‘d
Figure 31 §i eyretiilin I that found in each

i AF

suspension cells uhpkwas cu1ture n M5 medium supplemented with

desired contﬂ‘i% H’g w Buﬂ ﬁ WMMMM stage. The

result of thisl experiment appefrad to be s same as re ad by Luckner
R TR AR o oo
could ;ﬂ'oduce nicotin when age of culture approached to idiophase and

early declining of cell devision stage.

Chumsri and Staba (1975) found pyrethrin in Chrysanthemum
cinerariaefolium and C.coccenieuim invitro. For Cashyap et &l (1977)

cultivated Tanacetum cinerariifolium from seedling but they could not
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find any pyrethrins. 2Zieg et al(1983) reported his sucessful
investigation in selection of high pyrethrin producing clone which

contained 200 - 500 ug/g dry weight in callus.

The amount of insecticidal pyrethrins that can be produced by
Hlah as 706.07 mg/g dry wt. in
suspension culture cells} th HPLC techniquce, but it

‘-' acted by GC. This compare
ads which produce around

dry weight 1.238 reekul, 1979, Reynold,

1982)

In comparisic, e Fa ,7 '? ' leaf and culture cells

which were changed n.ter 1 year cultivation

’1a o the change of cocaine

!

(Figure 32,33), it m ‘ a5 /2N
F ieei s A
producing in non different ——— ¢ in converse morphenane exited

LTI AT

only in differentigtec of nyrethrin stability was

also attractively[% i¥Je year, pyrethrin I

content has still tfifneai e 340

dF

For ﬁaej'ﬁ g /nthesis, one which
was repurtﬂ 81 mmscmnﬁcnm culture by
und1ff fed. t Eﬂﬂ! p 115 Vﬂd be use for
support ﬁﬁaﬁﬁi - 1%%%2]:1& d morphinane

alkaloid in Papava somniferum callus while Koma et al(1982) reported
that thebaine and coaceine could be produced 1n.ca'|lus but morphinan

could be found only in differentiated shoot.
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Conclusions

Through this study on the Synthesis of Pyrethrins in Tissue

Culture of Pyrethrum (Chrysanthemum cinerariaefoliumBocc.), the

conclusion can be drawn as the followings

The maximum calZ h can be achieved when a

full strength MS medi:g a%nd BA at. the ratio of 1
to 3 was applied to ‘4 4 f4== W ltured under 2,000 lux
fluorescent il1lumin Nod and maintained at the

tempeature of 2512“6 callus initiation and

sustaining growth than " a half strength medium

o
cultured in continuous dark ":ﬂ

T

LM

In case ; R .?-:i stablishment of cell

culture can also be -=; he y 4= acombmad with BA and

i A

IAA recombined with %at concuntraﬂ of 0.25 : 3.0 mg/ml and 2.0 :

3.0 mg/ml, r ﬂaﬂm waws Wﬁlf}ﬂipmmd to be the

same as prﬁvmmw mentioned.

qmmnm NWI’J Vlﬁl'lﬂ U

Maximum yield of pyrethrins extract can be established when
petroleum ether was used as an extracting solvent in the Soxhlet
apparatus at 60°C for at least 6 hours. The extract quantity was also

maximized when a qualitative analysis by TLC with a developing solvent
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system of n-hexane-n-heptane-ethylacetate (40:48:12) was applied and the
the GC and HPLC operating conditions are as the followings.

GC : 3% OV-17, column temperature of 215°C and flow rate of 30
ml/min.

HPLC : Column packed with C,500DS and MeOH : qu (3:1) as a

gactory conditions.

feft GRS

mobile phase were proved toaa W

Study on the active g
constituents in cultg

w— nrum extract and their

When compar’, W ives, 1t was found that

Cinerin II appeared * SN en culture was age over 1
year and pyrethrin a4 AVrAD ‘\ « ent of this insecticidal
compound was also appes , ' 3 \'\_ an. Cinerin I and Jasmolin
1 were rather hard tnv 'fy in after because of the

impurities’s dis bam

vfx Y]
Study on effect of "'}Z_"m..._ ,,ujﬁ s production in culture

>

@uﬁﬁmam%ﬂaﬂnﬁ
The ect of growth .uagulator, IAA racmbma with BA at the

e AL FRURIINGY ﬂﬂ’”““”“*

pruduc on in culture cell than the another 2,4-D recombined with BA at

cells

the ratio of 1 to 3 mg/ml.
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