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Licorice (Glycyrrhizag#abyd 1inh) is alpete larWgiative to Southern Europe and
: Wi thh,n RheroUsieported pharmacological
Midly was aimed to optimize an

parts of Asia, used as
effects, including anti-inf

in vitre micropropagation prgfocg F \ ‘ » Wirrdsshoot tips, the effect of
medium types, medium sifng Jase;” s AN 1 o118 cytokinin and auxin types
were tested for the &hl]ﬂ}" _r ﬂ,.': a‘:_; J 'x\ in culture. The most suitable
medium for G. glabra plant/g 0 B5 salt and 30 gL' sugar.
However, MS medium supporjft : _ BMS medium supplemented with
0.5 mgL"' of BA produced Ihé maxi Mot shoots{#875) per explant. The highest efficiency of

> saengt B3 ining 5.0 mgL"' of either IAA or
o en used either garden

hg apalyzed by HPLC. The

root formation occurred in
IBA after six weekt lture

soil or vermiculite *

supplemented with 5.0

production of glycyrr meﬁu
mgL'TAA increased imc up to week 8 reaching 27.570.66 pg
control (13.66£1.21 p
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dry wt as compared with
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CHAPTER1

INTRODUCTION

In Thailand today, Glygwrkhi l rg Linn., commonly called licorice has
been imported from Ok 2\ ?strlctlon of specific ecological
requirement that is nQtsna frally eu ltivated. ‘ increased use of this plant in

’ "lizeogthis i

recent years has cted to increase as field

cultivation in T weetener and flavoring

agent in candigs ‘ ] e in oriental medicine.
Glycyrrhizin is ob S of 7"-"'».‘_‘1*. intact plants, but the
ability to gr if s it only. In addition, the
glycyrrhizin co 1 't"'-.‘ nges, between seasons,

soils and agriCultur. ighs vell as between lar getletics. Even within the

%
problem of the iati 5 inegyfhe Jmore \ ~o: s of culture since the
' 1 ! ss-pollinated plant, is of
course via seed, thé. : ,‘; y'h or seed MiabMity (germination potential)
which restricts its mul ..f?}g;@ ‘;l'_ pCONG: ically viable agriculture. To
increase substantial quantiti and derive

Voo
necessary to propagatesthe=plantiets. J/n

culture technidut

which con\kn (

-

attractive alterﬁ'ﬂive S

metabolites.

Although, gﬂ reports on tissue culflig® of licorice have been published but

IHHARUNINEONT:

culture media and plant growth revlators on shoot m hcatlon and root in c jon

QWT@W?W?JW\’MB']& d

[ximum benefits from this plant, it is
propagation by mean of tissue
tion of species in

tissue culture is an

uctiomf high value secondary

la

thi



CHAPTERII

LITERATURE REVIEWS

2.1 Historical Reviews of Gly\&*’%//‘

Glycyrrhiza glabra=Luir "

‘licorice’, belongs to the
family Leguminosae=im " '; s chyrrh‘ : ains 30 species native to
subtropical an : egior Tl as in G. glabra, is a
herbaceous perepm 1 AN “and part; of Asia, the roots and
rhizomes of whie Jd cothmerdially 4 ;"‘*.,1 tritional sweetening and
flavoring ag D) m ations. The principal
active compone exclusively in
the undergro hd % }"' As (thizomes) where it
can comprise fi it whele: %0 \-j"- aponins, which are also
oleanane-type tritel \ dithe seeds and rootlets of the

licorice plant (Hay pical \ jctiie of glycyrrhizin is shown

-r
hil g . ﬂg
in Figure 2.1. The rog#f of; «?}y ce pl 7_ ' -: ) are one of the oldest known
botanicals species in --'- iCre the beneficial health properties
attributed to licorice, dear atlye, immunomodulatory, anti-
ulcer, anti@ ,,,,,, 0 tsui et al., 2004;
Takahara e{a A ngglycyrrhizin has anti-
cancer, anti—bﬁrial, ct1V1tiﬂlthe latter against both
DNA and RNA#viruses (Fiore ef al., 2008). Recently, it has®¢cen found to be highly

active_in inhibiti ﬁ:atlon of the Severc@dute Respiratory Syndrome (SARS)-

@(ﬁ:&i mmmﬂ 14

2003; Tto et al., 1987).

q AR IN Y

glycyrrhizin content may well vary with environmental changes, between seasons,
soils and agricultural conditions, as well as between cultivar genetics. Even within the

problem of these variations lines the more serious logistics of culture since the



conventional method for propagation of G. glabra, a cross-pollinated plant, is of
course via seed, yet the plant typically has poor seed viability (germination potential)
which restricts its multiplication and thus ease of economically viable agriculture. The

alternative source which offers the opportunity to overcome the poor seed

germination problem is in vitro ¢ can provide a rapid propagation of new
varieties within an econorrg\ ;

Figure 2.1 Chgfic: stru el yiirhizin .\ icofice (Yuan ef al., 2005)

2.2 Botanical aspectr of G ,i":‘ ' ditrs

Licosige is of the leg flipis, one of the largest families

of flowering ;,..._...--,....._..‘_ﬁ.i;.iﬁ;—r_.—.-..—,f.f;iai.......... about 30 species in
which G. gl bl G i and G. eurycarpa
s’ er)
are generally IH:| gnized as TCOFICCRHECANS e ot thelr swee‘gLﬁste. Two Glycyrrhiza
species, G. glabr and G. uralensis, are known as major glycyrrhizin producing
sp dgt i in Spain,
TG T D ¢ Tt i
dlStIﬂthﬁ area of G. uralensis is from Central Asia to China. In addition to these
two species, G. inflata, another G]‘producmg species giSsfound in the western

RIBNDIUART B

0.8-1.2 cm (1/3 to 1/2 inch) long, purple to pale whitish blue, produced in a loose
mflorescence. The fruit 1s an oblong pod, 2-3 centimetres (about i inch) long,

containing several seeds (Figure 2.2).



2.3 Chemical composmon ------- price

Th@e hi sition’ of - seey” Teported by several
researchers ; (Shibata~and=Zassh1=2000 Fxtensive cl Lstudies revealed that
Glycyrrhiza ™ lt alsd™ many saponins and
flavonoids (Shu, ta and Saitoh [978). The variation of the cﬁents of these saponins

and flavonoids, _ the phytochemical a blologlcal point of view, can be

soﬁxﬁH“IWHﬂ?ﬂﬂ s

hco ( Statti et al., 2004). Among these variations, type of plant species and

QRARIN T IINETA Y



2.3.1 Triterpene saponins

Triterpene saponins are the major characteristic constituents of licorice, which
are responsible for the sweetening taste. Until now, at least 18 saponins have been

obtained from the three Glycyrrkj kigs. Most licorice saponins are present as

glucuronides. The aglyconegkdt ) egdentacyclic triterpenes with 11-oxo-

12-ene, 12-ene, 11, 1318 - 0 )( letons, and 3-OH, 24-OH, 22-
. 29-COOF ionaler bioni et al., 2005).
e — - —

al., 2000). These i *loig i TVakious Wy posi including  flavanones or
4 L1 h r"-._ . .

flavanonols, ¢ : Oflaycncs V@nesior onols, isoflavones and

isoflavanones. A 2vanenes ay : Gs anesof the major types. Aside
. fo ot ad A 9 .

from flavonoid af, phene : $;WLIKE8-aryl-coumarins coumestans

! 1 LR
0) have also been obtained
from Glycyrrhiza spBcies. SSEHE=‘phch ompolnds in licorice could be

chemotaxonomic matkers ie=ditCrentiatt Wi hiza® species, especially the three

official species (G. uralensiss, if/ata). Such main constituents as

liquiritigeniimliqud ent in all the three
official spré% edhsithe species-specific
components, \¥hic =) pemﬁc species. For
instance, glabr‘ﬂgn and glabrene arc only present in G. gla% while glycycoumarin

only in G. uraler?s and licochalcones A a only in G. inflate (Hatano et al.,

”ﬁ'ﬂﬂ?ﬂﬂﬂ?“ﬂﬂ’]ﬂ‘i

synthetlc of Glycyrrhlzln

Q W fsl@ﬂi ) ’WI ¥ t&ﬁl
synthesized by p-amyrin Synthase (b an oxidosqualene cyclase

catalyze the cyclization of 2,3-oxidosqualene, a common intermediate of both
triterpene and phytosterol biosyntheses (Abe et al. 1993; Haralampidis et al., 2002).
In G. glabra, three OSCs: bAS, lupeol synthase (LUS) and cycloartenol synthase



(CAS) are situated at the branching step for biosynthesis of oleanane-type triterpene
saponin, lupine type triterpene (betulinic acid) and phytosterols, respectively (Ayabe
et al., 1990; Hayashi ef al., 2004).

2.5 Biological activities _ i

ogic 1Sty dics O licarie focus on the main constituent
glycyrrhizic acid and 1tS*aelveo | T e two compounds exhibit
extensive bioloW 0 a 'ﬂammatory (Fujisawa et

antiviral (Ch

diseases (Tandon f 7 ding i ‘i“'. it \ and C, as well as human
Acquired Immufiodefifi 4.Syngé ) ae (ALDS). Tt r i‘% t ars, licorice flavonoids
are gaining populagiti fause, V, ionificant, biolo gical activities including
antiulceric (Nakam BE5003), 'ati (Fukai et al, 2003), anti-

inflammatory (Furuhashi'def™=g 200" icrobial (Fukai et al, 2002),

antispasmodic (Sato et al; '_ et al., 2007), metabolic syndrome

preventive (Tgmis ., 2006) acti ] osff these activities are
attributed 10" {He-majoi-flavonoidsslike-liquisitigening-hquiritity isoliquiritigenin and
isoliquiritin, aS-we , !15 abrene, licochalcone

A, licochalcmual

ﬁﬁ"ﬂ“ﬁ] NENIWEINS

Plant tissue culture techniques are standard procedures in modern

biotechnology. This technlque K own as mlcro T tion 1s effective sze
;I I&wq aaa %ti oss sses jth ﬂ
q Raven et al.,

and glycycoumarit

cellular machinery necessary to generate an entire organism
Many important medicinal herbs have been successfully regenerated in vitro (Table
2.1). The advantages of this technology over the conventional agricultural production

are as follows.



- propagation can be used to produce a large number of plants.
- cultures are genetically identical to the parent plant, as well as to one
another.

- It is independent of geographical and seasonal variations and various

Nl
' ; ///d_er aseptic conditions on medium,

environmental factor

C"a_; Wlaricty and disease free
would be selected & cr 'plantforiy ) Gult Iic. 'i"ﬂ._!o morphogenesis and

"‘= opfiate environmental and

gation process 1s to obtain an aseptic
culture of the selected plant’is al. The ould be aseptically transferred to

the cultur'}v' C

contaminatiog

explants without

gl

S ge
H]L ¢ object of this Step 0 bring about thel%u

and structures thafare able to give rise to n ntact plants. This step includes the

ﬂﬁﬂﬁ%ﬁﬂﬁ WEINT

Shoots or plantlets derived from stage 3 are very small and not yet

capable of self-supporting for ro%h in soil or compa Thls step is taken t(yow
QRS TN IR

art1ﬁ01al supply of carbohydrate. This step 1ncludes ein vztro r00 1ng of shoots prior

to their transfer to soil. In some species, this step is necessary to have elongated

Itiplication of organs

shoots ready for rooting.



Stage V: Transfer to the natural environment
This step is to transfer plantlets from the in vitro growth to the extra
external environment carefully. This step is very important because improper

transferring methods can result in a significant loss of new plants.

|
2.7 Plant tissue culture % ’} /y
e% @strated its application in a

Recent dev vitr«“echn 1€
e — - S
rapid clonal pro i rt time, regérevatign=and multiplication selected
superior clones and. i f/se | H": Depending on the species

B
and culture ¢ wuSedsor COthmercial production is
Wmethadhy can  be applied to

micropropagétion of G. g Po_thissend, 'S :v..u D lai (1980) reported in vitro

multiplication, tAlva and Mukhitdinova

(1984) attempted @ O0G olabra and G. uralensis

from seedling offlturegl Al r;f--‘“‘";f some 90-95% plantlet

. ' - = L1

survival upon tra@pla@ifing mt@y the JHCId Siibecnl reported, they gave no
. : R g )
experimental details agifto hg¥WAhIS“Was acd. MBanwhile, the development of

callus and cell cultures frdd a{_’.;.:g:... a h asingly been reported and included

from shoot tips, roots, leay ff‘" jm h as explant tissue sources (Hayashi
et al., 1988%Ha )92. i3; ¥0o and Kim, 1986).
Moreover, thi-has=included=the=production=ol-Gmglabrasplatlis] from shoot tip and
nodal explal '_l-t dme & al., 1995; Thengane

et al., 1998). RHJ enerative callus formation, as well as cell s%ensions, has also been

reported recently Qiousa et al.,2007).

=3 o/

AULINYNTNYINS
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acetyl-CoA — = = > = farnesyl diphosphate

g
g

2,3-oxidosqualene

PAS 2 ILUS & CAS

hetulinic acid sitosterol
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Figure 2.4 ] wStagesiforpron "-';C"i--.'_-__

= 3

£ .ﬁ:{f-' i
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Transplanting Rooting

RIRINTUUNIINYEY

01



11

Table 2.1 In vitro studies of Glycyrrhiza spp.

Plant species Source of explants Morphogenesis/propagation References

G. echinata leaves, petioles callus Nakamura et al., 1999

G. glabra axillary buds multiple shoots Kohjyouma et al.,
1995 ’l
G. uralensis -

Thengane et al., 1998
Kobayashi et al., 1985

AUINENINGINg
RINNTUUNINYAY
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2.8 Glycyrrhizin formation in plant tissue culture

Many plants are major sources of natural products used as pharmaceuticals,

agrochemicals, flavor, food additives, and pesticides. In the search for alternatives to

production of medicinal co terest from plants, biotechnological
approaches, specifically, pi }‘ ave potential as a supplement to
traditional agriculture igith 1du; oactive secondary metabolites

ar $)O2)

thaf the 5‘ :‘:'9-..

(Ramachandra Rao afg R

to the bioassay, W

be enhanced by plan

superior value. According

bgticmaetivity of cultured cells can

Give fnative source for the

production of hISSR paves the way for
potential glycryrrhi iQih AT _ e/Cultures desplte the initial reports
on the succes i cti ‘\ ot e X la 8} the ability to produce
glycyrrhizin in ¢ 1 QIEONersial. ' t -av,l e Bits of its production by
Glycyrrhiza sp #all ? ,;.f:ﬁ resh \ k"’-‘:\a g ithin larger scale 80 L

a Meight (Tamaki et al., 1973),

L y
were not replicated in gllus g —--a--zéfe e ultute§ of a known G. glabra isolate
(Hayashi et al., 1988). W .’_'.’..‘; '.ﬁ. f AL}

airlift bioreactors, | proaghing 3-4% of the

prted the absence of glycyrrhizin in

G. glabra var. typica in, :L;.‘I'; _’ p et al. (1989) have reported the
production'agl wresfot G. ulalensis, they
found no _“,;mﬁ;m = o

4

Neve 10 ,‘é? 1s calli cultured in a

Murashige &HI koog (MS) based™ medium supplemenl,g with auxin (either

naphthalene acetlc.ﬁimd (NAA) or 2,4-dichlorop enoxyacetlc acid (2,4-D)) could be

FI W %ﬂﬂﬂﬁﬂﬂ?ﬂ@fﬁsﬁ?

1cha et al., 2008). Thus, in addltlon to variation in the genetic source (spemes

erhaps cultlvars of the tlss or cell suspens1ﬁr1 ins, the spemﬁc
1Z1 .

q potentially impor ant actors in glyCyrrhizin pro uctlon
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Table 2.2 Studies on the production of somgamportant seco ites from medicinal plants by plant tissue cultures

Plant species = A iV “‘:‘ ;

Buplerum falcatum L.~ _g8d1kosaponi \

Culture type ~ References

Root Kusakari et al., 2000

Eriobotrya japonica . Tritfrpex : ‘ Wi Callus Taniguchi et al., 2000

Glycyrrhiza echinata Callus Ayabe et al., 1986

Glycyrrhiza glabra Callus Ayabe et al., 1990

var. glandulifera

Mentha arvensis ‘ crpenoid—— M : SHoot Phatak and Heble, 2002

v
L

[

i
‘ Saponins and MS(without Glysine)ﬂ Callus Furuya et al., 1973

ﬁunins 2,4-IugL'1)
[ .- : I

Desbene et al., 1999

RIRINTUUNIINYEY

¢l
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2.9 Objectives

1. To evaluate the optimal culture media and plant growth regulators on shoot
proliferate and root induction for growth and development of G. glabra.

2. To evaluate the survival perce

using different culture substrates.
3. To determine tim

enhance glycyrrhizin prod

ﬂ?JEJ’JVIEJVIﬁWEHﬂ?
RIAINTUURITINIA Y



CHAPTER III

MATERIALS AND METHODS

3.1 Plant materials

1. The i istcd o M8 \nedia,(MiasTigand Skoog, 1962), BS
media (Gambor. , ¢ ant ik Blyodd& McCown, 1981) were
tissue culture he go. ' onent thesafine bns and preparation of

2. Plant gro ’ ' S used '\ i i'i\'. yummarized as follow:

- | NG \
Auxins: ' J \

..... a Big@ghemika, Switzerland

Oochemika, Swizerland

Kinef
Thidiazuron (TDZ), ChemService inc, USA
3. Chemld ts used in this study included as follow:

A ﬁﬂ"i‘ﬂﬁm‘j‘w g1n73

DDI Water

QWWNTT’:’"EWW’JVIQ’I op
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3.3 Instruments for analysis

1. HPLC instrument: ThermoFinningan HPLC SpectraSystem equipped with
autosampler model AS3000, Photodiode array UV detector model
UV6000LP and Chromqt

HPLC column
Rotary sha
Laminar%

SonicateryDas

250%4.60 mm)

Paper filte
PTFE Mic

Mict@pipettg
Vial sizg

A S AR

3.4 Micropropagaffion | [

Shoot tip of G. glabeah ) gth were excised and rinsed for 30
min in runnlng tap Water r ;"J 1 "’f.’j”gr I as surface sterilized for 15 min in

10% (v/v) wzﬁe three times with

sterile watetyfide —uf

an -
3.4.2 Iliujation of cultures and culture conditions M

ﬂ nzm VIEIN (1 | £ 1Y b

g IN NaOH before autoclavmg The cultures were maintained at 25i2 C, 55

Qmaﬁﬁeﬁmﬁ%ﬁ?%ﬂ bt

on the experiment MS was also supplemented with various growth regulators.
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3.4.3 Factors affecting of G. glabra plant tissue culture

Studying of various factors involved in propagation of G. glabra was carried

out by the following methods:

1. The effe

ant, various kind of media
ommonly used media for
. rashige and Skoog. The
significant fea um i3 \tS, Ve McBncentration of nitrate,
potassium and am 1 feditm o tabli y mborg is also being used
by many rese “InoTgani 1 fs - gAB5 medium are lower
than in MS medigfi. 7 dia_th _. - sed include Lloyd and
WD -\.‘"i i 8ly used successfully for
efifodutivity and growth rate, the

most suitable mediu sition’s ( o imize
f ..... m4 _ e cu transversely and cultured on

al media; MS (Murashige & Skoog
; 1‘%‘1 Each media vary

different media formulati -,E'

1962), B3 (an

strength of}
(W/v) SUCTOSE 'rl ( ﬁ ' justed to 5.7; these
ated above. The n@]ber and length of the

shoots, the stem d?meter and leaf width were l ecorded after 6 weeks of culture.

AU EJQMB‘IQ N t-H 3 -

ment

ARANT ’iﬁi HRAINH oN

mediu le carbon source and its O concentration

cultures were s_ujo under conditiot

should be chosen to establish the efficient production process of useful metabolites.
These factors depend on plant species and them products therefore it is necessary to

optimize the medium compositions including carbon sources in each case.
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The excised shoots from 4 weeks were placed on medium
containing different concentration of sucrose (0, 1.0, 2.0, 3.0, 4.0, 5.0 and 6.0%
(w/v)). The cultures were maintained at 25+2°C with 16 hrs. photoperiod. The average

number and length of shoots, the stem diameter and leaf width were all recorded after

6 weeks of culture.

3. Tl§ /é ators on shoot growth and

development

levels of plant 10T *}”‘." ( id \reot "‘-,_- therefore it is

important to s€lect ;,u,.;r ria vth te ors and to determine their
.i— h

on shoot multiplication

o

' 1
supplemented sith 3¢ anLontaining with different

t transversely and

f the above trails)

.5 mgL™") of one of

concentration the cytokinins (0, 0.5, 1.0, 1.5, 2.0 a
benzyladenine (B‘) - Furﬂlryamlnopurme gentin) or thiadiazuron (TDZ). The

] ugIngNINgINT -
Gm’] i) iMebianE

To optimize root induction, in vitro shoot explants after four

weeks of culture were excised and transferred individually to medium supplemented

with 3.0% (w/v) sucrose and 0.7% (w/v) agar containing different concentrations of
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auxins (0, 1.0, 2.0, 3.0, 4.0 and 5.0 mgL™) of one of a -Napthaleneacetic acid (NAA),
Indole-3-acetic acid (IAA) or Indole-3-butylic acid (IBA). The excised shoot explants
were cultured for six weeks and then the average length of the roots, roots diameter

and roots weight were measured.

3.5 Acclimatization of pla

Wy

Plantlets haviig ic elolsd r@ved from the culture and
washed free of aga;r lrl_g_gm Ea‘subsuentl - TISENE individually to plastic bags
containing with , Stex 1L SC2Vermi ; SC3, garden soil mixed

garden soil mixed with

with vermiculi

ic cover to ensure high

humidity and kept a ature ih patuy ‘ about a week. Acclimatized

plants were th ntage of survival was

ally under aseptic conditions
he pH of medium

on MS meg¢ _g ontainine 3. 0% (w/v) Sucrose as a ¢ arb y - 1
was adjustek " ith agar (0.7% w/v)
=

€s and toclaved at 1.5 atm of

and 15 ml ofydlum W
pressure, 121°C for 15 min. The cultures were maintained at 25+2°C in the presence

“ﬁﬁﬁﬁﬂﬂﬂﬁwﬂwns

3 6.2 Factors involved glycyrrhlzln formation in plant tissue cultures

9 ARFNRIINYINY

For the time course study, untreated plants and those supplemented

with plant growth regulators in the root culture media were harvested at 6, 8, 10 and

12 weeks. To observe the effect of root age in response to plant growth regulators,
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roots in different growth stages were treated with a specific amount of plant growth
regulator. Glycyrrhizin content refers to the total amount of glycyrrhizin recovered
from 0.1 g dry weight of root powder. The method for extraction of glycyrrhizin

contents were described in section 6.

| F
2. Plant grow /

gulatﬁ co

often a crucial factor in
, 1984; Deus and Zenk,
he Auxin/Cytokinin ratio

secondary metabolit
1982). The type and t
alters dramati

cells (Mantell

mation in cultured plant

N gut and transferred to half-
_ -. h fallc onstant concentration
(5.0 mgL™) of auxg V ! 1‘ 9 _ . cyhan and analyzed at different
M xgk t ed for each treatment

The n trac r olyCyrrhiging@bntents were described in

conditions.

section 6.

#}mmnmﬁﬁﬁ’ﬁ

Y

— (o
lil ure glycyrrhizin (FIOKa, Catalog no. 2588@_'7]], lot no.1354108) was
used as standard ?utlon A 10 mg of glycyrrhizin standard were accurately weighed

ﬁmmm WIS o

1omzed water to give a series of standard solutlons of 0.00, 0.025, 0. 05 0.1,

5 and 1.0 m? ml, used for t£ calibration curve S

TSN ANega

The roots of licorice were dried at 50 °C to constant weight. A 100

mg of dried sample was pulverized and then extracted with 20 ml of 95% methanol
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solution for 12 hrs. before filtering and evaporating the filtrate to dryness to attain a
crude glycyrrhizin preparation and proceeded as schematic shown in Figure 3.1. The

sample solution was prepared by dissolving the crude extract in 1 ml of 95% methanol

solution and then a 10 ul aliquot of this extract solution were analyzed by HPLC.

elution

Flow rate

Injection volume .

Wa\}ﬁngt Detect 7
\

AUEANENINEINS
RN INUNINYIAY
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Extraction

Dried sample
100 mg (dry wt.)

I

ulve Tex
5 % methan

‘ ":,H ed'With syringe filter PVDF,
0.48

halyz¢ with HPLC

3.7 Statistictaﬂy
[

A complet"rﬂ)mlzed design (CRD used for all experiments. The data

FUEINY NINYINT--

s1gn ance was accepted at P < 0. 0

QW’]Mﬂ'ﬁﬂlﬂJ‘lﬂ’]’mmﬂﬂ



CHAPTER 1V

RESULTS

: | | .
4.1.1 Effect of medi “ '// nd its concentration on shoots
growth and develo& é
= — —
E——

4.1 Tissue culture of G. glabra.

To optimize The Cult edium on sh and development, shoot tips
- __“‘-‘- )

of in vitro grow mo _'-i" treson medium were used as the
e gforpho esi )

according to Tablgs#. 1. § Pegn sh the cHglhB5 salt was suitable for

starting materjgls# patment were observed

G. glabra plants grg@th @hgh nic 5 bgntialilies (i.c. shoot length,
stem diameter, 1g#T wigth g oL B B R dium. 1/2-strength B35
salt yielded the may - ! “l""-i S u and number of branches
and significantlygéiffeg®nt @ ‘_“__ 0 |] stre "". x s fland 1/4 strength BS salt
respectively. In add ong 1g ) t Ster, d i‘n‘ peter and leaf width when
comparison betwetn m um t 7 o

Meanwhile, i g HNealthily shoot, uniform stem,
width leaves and strong branches=z

(Figure 4.3, 4.4 andg4

o those grown on the same medium
9ns will be the major key in

next expesmicnts=on—1/2-stren; gth- B5 _anc 4SS meédium. However a

magnificentscfie® My value about 1.5 in

——

number of shom was found atts (Fig

uﬁ.l). Therefore, further
experiments were conducted to assess the increases in shoot multiplication rate with
cytﬁiiii at diife’;ﬁncinﬁrati?nwith iull-{ th saltsq
¢ o LY
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Table 4.1 Effect of different media and its concentrations on shoot growth and

development in G. glabra after culturing for 6 weeks.

Data repregg 1

superscriptk s

test.

ﬂﬂﬂ?ﬂﬂ‘ﬂ?“ﬂiﬂﬂ‘i

|
e

Medium Strength Number of
shoots/explant
1
B5 1/2
1/4
MS
WPM 1/2

Shoot
length

A m
L] )
i

|

Stem Leaf width Number of
diameter (cm) branches/explant

(cm)
0.60+0.0248 6.30+£0.26"
0.6840.03* 8.00+0.33*
0.54+0.03" 7.35+0.25%
0.36+0.02° 4.95+0.21"
0.32+0.03" 5.95+0.3548
0.5440.02* 6.35+0.22*
0.43+0.038 3.55+0.48"
0.4940.02* 4.85+0.36B
0.38+0.02° 5.90+0.24*

<i0i8%

- -
| —

alues with different

hgffe’s multiple range

qmmnmum'mmaﬂ
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2.0
1 1 strength
) 1 1/2 strength
¥ | I 1/4 strength

2 1.5

=

=

=

S

=]

)

T 1.0 -

=

=

L

&n

]

5

> y

< 0.5 A

0.0 -

Figure 4.1 Effect of mediu byp ©S-ON AV¢ Umber of shoots of G. glabra after 6

. of 20 replicates. Statistical

- bach-bar represents | :
- e —— s ?

i a
AUINENINGINg
QRN IUNRIINYIAY
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10

1 1 strength

. f e

Average shoot length (cm)

Figure 4.2 Effect of med :?# S -_:,:‘ hoot length of G. glabra after 6

' ﬁ licates. Statistical
—
ichted by A, B was

AU INENINGIns
ARIANTAUUNIINYIAY
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1 1 strength
1 1/2 strength
I 1/4 strength

T AV

0.075 A

Average stem diameter (cm)

0.050 -
0.025 4
0.000
."_ "1__..’. i .‘:
Figure 4. - f cCt ol medium types on averag G. glabra after 6
: M), seplicates. Statistical

sigycance .05 iﬂated by A, B, C was
deféfmined by Scheffe’s multiple range test. |

AUINENINGINg
QRN IUNRIINYIAY
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1.00

1 1 strength

o 12

E

N2

=

=

=

< 0.50

=

)

g0

®

5

2
0.25
0.00 -

Figure 4.4 Effect of med1 ;:q;, f J, ona Ve twidth of G. glabra after 6 weeks.

ah : ‘the 0 geplicates. Statistical
- diegted by A, B, C, D was

Nikicance-ailnong |

-ﬁu

0 1 b
o

] U
ﬂumwﬂmwmm
ammnmummmaﬂ



29

10
: 1 1 strength
] T 1/2 strength

2 8 1 : ‘ // . I 1/4 strength
= % =
S .
S e R
= -~ 3
£ -
w61
S
g
=
3
s 4 -
-]
1)
s
)
<

2

0
Figure 4.5 Effect of me "4;‘ ‘o1 )cr of branches of G. glabra after

20 replicates. Statistical

ted by A, B, C was

AU INENINGINS
ARIANTAUINIINEIAY
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4.1.2 Effect of sucrose concentrations on shoots growth and development

The effect of sucrose concentration on shoots growth and development was
also studied. Various concentrations of sucrose gave different shoot growth and

development. The characteristicsyof _growth were shown in Table 3.2. Sugars

serve as the energy source fgmplan £ se of imitations in CO, availability
}r growth. The results of shoot
@red on 1/4-strength MS

coT pare h=l2=strength B5 medium at 10 and

length and numbe

medium gave a hi

On ot $ ¢ d 0 ™ ca¥idth from the explants
: II .. _ : : .‘ compared with 1/4-
strength MS mediy uf ONCE fafh 1 ; gm 30-60 gL (Figure 4.8
and 4.9). The C hif] ‘: 1 , h omoted shoot length,

stem diameter, lecafividthl a 1 ber 0 fbmancheshvasio btdined at 30 gL'1 sucrose.

ﬂﬂﬂ?ﬂ&lﬂﬁﬂﬂ’]ﬂi
QW’]Mﬂ?ﬂJﬂJW]’JVIFJ’]ﬂEJ
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Table 4.2 Effect of sucrose concentration on shoots growth and development from

shoot
explant of G. glabra after culturing for 6 weeks
; .il y {
Medium Sugar ( ngth Stem di r Leaf width Number of
conc(egl;f};z)ltion oy }' - \ Al /ﬁé (cm) branches/explant
o’ || o 80.02" 4.80+0.25
Haa0:26+0.03"" 5.25+0.33*
2 w0.34+0.02% 5.1040.28"
1/2B5 ( : : W g0 04 4.8640.70*
) A T 32:0.05% 5.60£0.31"
W 0R2e0.04%° 5.00+0.45"
0o .25j:.O3AB 5.00+0.43"
0 ).07+0.01° 3.31+0.38¢
10 0.22+0.02* 6.4240.30"%
20 0.24+0.02* 7.20+0.40"
1/4MS 0.24+0.02* 6.95+0.32"8
4£0:56" 0.25+0.02* 5.10£0.35%¢
t 50 \ 5.32+0.35"
60 | 4212047° | 0.05£0.00 ' 5.2140.485¢
HI

AU TR
QW’] ANNINURIINA Y
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=]
1

" —

,r.
" ,f*‘

7

Average shoot length (cm)

4 | .y
\ ﬁ k s
NN S E
& I\'l N ‘I""'-.
!
2' N
"h\ e’
1 |~| -k
1‘ W\
\
0 - 't\\"
/ 0 : 60
: ntratio) (gL_l)
Figure 4.7 Effect of sucto L?“ "fe age shoot length of G. glabra after

.'ﬁle rese 0 Zﬂeplicates. Statistical
| iy m:mmmm—ydnuiiﬁfvz l"'f by A, B, C was

A

i
AUINENINGINg
ARIANTUNAINGIAE
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0.08 - - =

§W -

0.06 -

0.04 -

Average stem diameter (cm)

0.02 -

-
&

0.00

: y, of 20 replicates.

T R v
AUINENINGINg
ARIANTUNAINGIAE
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0.4
AB
4 ap 1 12B5
| N 1/4 MS
~ 0.3 -
g 3 B AB AB
2 ~ 7 " AB
= - -
e -
= -
= 0.2 - 2
=2
<5
on
3]
5
=
0.1 -
0.0 - - _
contr, O, = 4 50 60
i et
J
rati L")
/ i
Figure 4.9 Effect of sucrose Conce rage leaf width of G. glabra after 6
I e ) o s
‘weeks. of 20 replicates. Statistical

@d by A, B, C was

AUINENINGINg
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8 A
C—11/2B5
I 1/4 MS
S
= ,
g 67 3 O\ b B BC
I il D | [
2 B - . T ‘ g
: 8 Ce
| =ERE
= F
5 e 7 N
%) 1N b I~
: }'v 7 S
= il » H"\ |
Z 21 ’ \ 5 &
73 2 \N
L ¥ \ 0\
Bt \\ \
0 - ,.J ‘ 3 r -',!-_ l'_ LR
¥ 10 ,", 30 \' 50 60
“Suera D / ti '\\-\ —1)
Figure 4.10 Effect O‘f [1CTO --1-1’ ntral pn averdage number of branches of G.

-'f" r -
glabra ‘after ’:‘:* 'r Fac epresents the mean +S.E. of 20
rephcates S -.!. n .11 pong the treatments at P<0.05

Ehltlple range test.
— -r

ﬂUEJ’mElVﬁWEHﬂ'i
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D

(A B [)

Figure 4.1 m'}trength B5 medium
Eﬁplemente rations giﬂ‘sucrose for 6 weeks.

suc se concentration; (A) 0 gL', (B) 10 gL'(C ) 20 gL”,

ﬂuﬁrﬁﬁﬁﬂ%‘wzrwm
ammmmumwmaﬂ
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—

L]

Figure4.12 Cfﬁ cter1
|
supplemented with various concentrations of*sucrose for 6 weeks.

AUERTIANLNS
9 9NSUURIINYIA

pred on ﬁstrength MS medium
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4.1.3 Effect of cytokinin on shoot multiplication

The influence of cytokinins on shoot multiplication was shown in Table 4.3.
Observations, expressed as average number of shoot and length of shoot, were
recorded after 6 weeks. The co
BA, TDZ and kinetin was
2.5 mgL” in MS met

i@n jof three types of cytokinins which were

L ojete ntration of 0, 0.5, 1.0, 1.5, 2.0 and
%0& cultured on MS medium

containing 0.5 mgL to be the most effective as

on this medium n higher number of shoots, 4.75

per explants but also, gl SEigure 4.13, 4.14 and 4.15).

ﬂﬂﬂ?ﬂ&lﬂﬁﬂﬂ’]ﬂ?
QW’]Mﬂ'ﬁﬂJﬂJ‘m?ﬂmﬂﬂ
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Table 4.3 Effect of cytokinin on shoot induction from G. glabra shoot explants,

cultured on MS medium.

Cytokinins concentrations (mgL™)
% b b Number of shoots Shoot length (cm)
BA ™Z | K \‘y
0 0 il 5.97£0.39"
0.5 3.78+0.33"
1.0 3.57+0.405¢
1.5 2.22+0.22%P
2.0 1.98+0.18°
2.5 2.26+0.20P
0 4.26+0.20"
0 1.08+0.06"
0 0.98+0.03%
1.11£0.06"
0 1.01+0.08"
0 1.26+0.11°
0 5.00+0.44%
0 3.13+0.308
0/ 2.39+0.198
0 2.07+£0.228
0 = 2.24+0.248
0 1.70+0.25* I 3.13+0.40"

ﬁ‘ﬁ mmm TRYINT

teSt

qmmnmum'mmaﬂ
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6
A /1 BA
5 - : [ Kinetin
HEN TDZ

Average number of shoots

-' n 2.0 ppm 2.5 ppm

cent ation (mgL'l)
~I ]

Figure 4.13 Effect ofi€ytokiffision dve: ay numfiber of G. glabra after cultured

on MS mediug-{6F6-Weeks par represents the mean £S.E. of 20
"'-r g’?:’l o - '
tical s e tpeatments at P<0.05

- ‘#n tiple range test.

AUEANENINEINT
RINTUUNININY
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—1 BA
[ Kinetin
N TDZ

BC

Average shoot length (cm)

\ ‘ ' 2.5 ppm

. .‘-,il.i g i 1)
Figure 4.14 Effect of gytokumms=p 0 aver ots le@8th of G. glabra after cultured

Bar represents the mean +S.E. of 20

gong the treatments at P<0.05

- _J — . -
i ﬁe\ e’s multiple range
et Ml e B e 8%
1 L

AUEANENINEINS
IR TUNNINY 1Y
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4

=
| ——

.. 3

Figure 4.15ﬂulti ot from shoot tip K.; ed 6 weeks on MS
L (1] C'%"f“"':rf';';":“"‘.‘“".' J

- with 0.5 melL - BA——

A

J i
ﬂUEl’JﬂEIVIiWEI’]ﬂ?
QW”IMﬂﬁWﬂMTWIEJ’IMJ
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4.1.4 Effect of auxin types on rooting ability

The concentration of three types of auxins which were IAA, IBA and NAA
was supplemented at 0, 1.0, 2.0, 3.0, 4.0 and 5.0 mg.L" in 1/2-strength B5 medium.

The influence of auxins on rootyi

ny was shown in Table 4.4. Observations,

expressed as percentage of’ rage length of root, were recorded

after 6 weeks. In this : M the high percentage of root
formation was obtai medi @.0 mgL'1 of either IAA or
IBA (Table 4.5). : : oot BA=ia the rooting medium for
explants was found, ) &/ siith a,\ ion than TAA containing
medium in te .« ehgth ings uce 4,16, ontrast the addition of
LS an that seen with IBA.
For 1/2-strength B, e be observed as the result

of callus formgiién (Eifurg 4 :

ﬂUEJ’JVIEJVITNEI’Wﬂi
QW’]Mﬂ?ﬂJNW]’mFJ’]ﬂEJ
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Table 4.4 Effect of auxins concentrations on root induction in G. glabra in 1/2-

strength BS medium

Auxins concentrations (mgL™)

IAA

0
1.0
2.0
3.0
4.0
5.0

0

o IIJ

5.0

IBA NAAY T
/)
I'\‘ E

Rooting%

Length of roots (cm)

2.26+0.12%
1.82+0.43%4
1.20+0.28*
1.56+0.26*
1.12+0.30*
1.43+0.224

2.71£0.434
1.78+0.58%
0.90+0.38%
1.85+0.36*
1.80+0.36*
1.90+0.344

A} mmm TNHINT:

test.

QW’]Mﬂ‘iﬂmW]’mFJ']ﬂEJ
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Table 4.5 Effect of auxins and its concentrations on percentage of root induction of

G. glabra on 1/2-strength B5 medium after culturing for 6 weeks

Root induction (%)

Concentration (mgL™)

W v

50

77/ AN
8- P\

s

. _r;;f,
o 14

e

ﬂﬂﬂ?ﬂ&lﬂﬁﬂﬂ’]ﬂ?
QW’]Mﬂ'ﬁﬂJﬂJ‘m?ﬂmﬂﬂ
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Figure 4.16 Effect offuxing*and=s"co ations®on average root length of G.

;".,-f{' A 1/0% B5

glabra dlter il edium for 6 weeks. Each bar
represents ‘ e J'?&W i te.
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Figure 4.19 Callus @cri
mgl f
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,-1 ' ts on 1/2 strength B5+2.0
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4.1.5 Hardening of plantlets

The in vitro raised plantlets were subsequently transferred individually to
plastic cups filled with sterile garden soil (SC1), vermiculite (SC2), garden soil mixed

with vermiculite and ash husk at /) (SC3), ash husk (SC4) and garden soil

mixed with ash husk at W wiw) | ) ese plantlets were kept at room
temperature in naturalJjghtSg abe _ transferred to a greenhouse,
where the surviving, plaTtiets=res : developed healthy leaves

after two weeks. ' edid;*sewig95% of the plantlets survived

ﬂUEJ’JVIEJVITNEI’Wﬂi
QW’]Mﬂ?ﬂJNW]’mFJ’]ﬂEJ
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SC1 SC2 SC3 SC4 SCS

Flgure 4.20 Plar‘éﬂuch well developed lofts of G. glabra after transfered to

AUYIRUNINEING .

husk (1:1:1) (SC3), a*husk (SC4) and g en soil mixed with as

awwaﬁﬂmumqwmaﬂ
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4.2 Quantitative analysis of glycyrrhizin in G. glabra
4.2.1 Effect of plant growth regulators on glycyrrhizin production

The effect of TAA or IBA lycyrrhizin production of shoot explants
cultured on 1/2-strength B3¢ ": / n Flgure 4.21. The results showed

sis of glycyrrhizin productlon

the growth st
4.2.2 Glyc izi

Shoot cultyfes f@m h }"‘ . "l asterred to half-strength B5
v 1 \

medium. Each #lediughf wa¥' s r nex o ith ¢on 'E\ oncentration at 5.0 mgL'l of

"

two auxins (IAA /giid - Roqfs jwergpharvcstodia Iinalyzed at different time

T

The contents of glycyrrhiziafwereanalyze _ ic.

intervals. Three replica intained®for each treatment conditions.

e time course of the effect of

plant growth regulators om ation in 12 weeks old cultures is

shown in Eiguge 4 ter ks, th ' cyrrhizin in culture

using 1/2- réHgtheBS-medinm-supplemented-with-o=mgb-=ks ached significantly

to 27.57i0. 'rl_ o € no upplemented control
ﬁdry wt). ‘

(0.57+0.29 pg

ﬂﬂﬁ”’l NENSWYTNS

Two different source of nattiral root were urclai from local Chlneseyb

res 'ﬁﬁ:{ i \g l * %i }
extrje or analysis of glycyrrhizin defected by Accorﬁgto the resul:;ﬂ

HPLC analysis described in Figure 4.22, 4.23 and 4.24, the chromatograms which two

natural root extract were appeared any impurities in front of glycyrrhizin more than in
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vitro root extract. But for the glycyrrhizin of those detected by HPLC were appeared
similarly in retention time.

Table 4.7, illustrated the glycyrrhizin content (ngg” dry wt) in licorice sample
of in vitro root cultured on 1/2-strength B5 medium supplemented with 5 mgL™ TAA

after 8 weeks, natural root A and

A and B gave the higher gl

‘ //)an in vitro root.
Table 4.7 Glycm@(ug@ dry@ sample; in vitro root of

licorice-cultused*on.-1/2 B3+ 5 :_-e_‘ SAAzaftes 8 weeks(A); natural root

B. It was clearly shown that natural root

A(B); natgsetTog LOTH BN

virhiz1 tent
Rary wt)

1.44
.83

AU INENINGINg
RIAINTUNRIINYIAY



55

30

L 11/2BS5

25 - aaul ~ 3 12 B5+1AA
1\ // BN 1/2 BS +IBA

20 -

15 A

10 A
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Figure 4.21 fr---—- e of G. glabra using 1/2-strength B5

gplicates. Statistical

aiéd by A, B, C, D, E,
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CHAPTER V

DISCUSSION

5.1 Tissue culture of G. glabN’ ///
c ntration on shoots growth

;:_;

s of starting for shoot
tips explants. Un 8 ITOTH ' itaspecies of cultured plant
may require . : 3 : ent parts of the same
plant may diffe - (Murashige and
Skoog 1962).- hat ofce sition of sal'cl &'"-.,_ medium was an important
factor for the su q bhsh i "if:'r | | in'ich each tissue required
Dix0 ' 9 ‘:' ithe S\the most common medium

formulation and prfoved

different formulati_o
0 be satisfa 10 yafihtissue L of many plant species for
micropropagation, seyeral ¢ used . Wsue culture of G. glabra was
chosen in this study using d_ CIC cd;i V B5 and WPM) for shoots growth and
development under di : 1-, 1/2-, 1/4-strength). After
six weeks u '
observed. ”kle :

noted in this sﬁjy (da

increased rate™®f multiplication when using MS salts at 3/4=

lants were clearly
acronutrients, also
by Many authors, as has the
ﬂ]? 1/2- and 1/4- strength

(Hyndman et al., 6 SZMin the present study, H@wver, media formulation additionally
AR NHRTNYANS
11 al suit for the in

vitro tissue culture growth and nfphogenesm of G abra plants (Table ) In

q Wﬁﬁﬁﬂ?ﬁ&ﬂ%ﬂ@ﬂﬂmﬂ &

ammonium ion. This may indicate that B5 medium had significant effects on shoot

growth and development at low concentration of salt base.



60

Furthermore, 1/4-strength MS medium with well-figured concentration of
ammonia gave the shoot healthy shoot and more uniform in stem diameter and even
more leaves and stronger branches. The reason for this is the concentration of
ammonium used in plant nutrient media. At low concentration of ammonium salt in

media could stimulate growth and dévgld@pment as for using WPM, poor growth and
development on the externalimai shology i gl e explants was obtained. However,
despite the general beng eife \ . % onutrient level of media on G.
glabra plant growth and drffes tiati% (Ta& gaximum number of shoots

ll-strength MS salts, but

per explant (1.5) was: n explants weirc eran-on
still this was only . an’ thation ha ngth MS. Therefore, the

effect of cyto entratl "-u,i" pOTIS! multiplication rates was

wib and development

Several he carbon source on the

in vitro morphog 1 cqtsplantispecics. \ glthe many available carbon

sources, sucrose has P ----- ‘ﬁ" { scn efdb, 1999; Fuentes et al., 2000).
Sugar and basal me fum .-‘r; nect -Km'-n ; ts of plant tissue culture medium.

Sugar concentration an» th o F:: m was studied on conversion of
somatic e 1?&05 i ous officinal eﬁi‘? about the effects of

Table %=, SH gﬁ\‘} shoot length, stem
diameter, leaf h\lr th and number of brancnes. he results O{Itbis study show that the

growth of shoot l?gth and number of branc sfrom shoot explants cultured under

”ﬂﬁ%l’d?ﬂ gNSWEINT

ratlons of sugar under 1/4- strength MS medium promoted the growth of shoot
and number of branches a 1nh1b1ted the_grofveh of stem dlameter alue
VRN IR TINE R
cultured under 1/2-strength BS medium gave a higher value when compared with 1
strength MS medium at sucrose concentration of ranging from 30 - 60 gL™. It was

also suggested that higher concentrations of sugar of 1/2-strength B5 medium

promoted the growth of stem diameter and leaf width so as to inhibit the growth of
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shoot length and number of branches. As a result, 30 gL' of sucrose concentration

should get fine morphological shoot structure.

5.1.3 Effect of cytokinin on shoot multiplication

Cytokinins were used 105t ot bud induction, development and

multiplication. It st1m i ation and growth of axillary

and adventitious shooTE ant-ti lly occurring and synthetic
e —

Cytokinins are used:ifie g this=study, synthetic cytokinins

including benzyladegi rfury. i ‘--.., Kinetin) and thidiazuron

(TDZ) are us i ylication duc togthe l0WCring cost.

' oot tip as a explants

source. Certainly, il vi tiplicat of, G"‘g_-, oi using different explants

sources on m I5BEen rej -1,\ ‘.x\ﬁ p E'h_‘.‘.. for seedling explants

(Shah and Dalai, f! ) ang "-,l khifinova, 1984), as well as a
YNy ' \

high frequenc i ( ?‘ nﬁk explants. Moreover, whilst

successful shoot impl iedid) has been reported before

(Thengane et al., 199 “howeve s axplantSvere successfully cultured for
six weeks on MS medium, ‘dnd-the t supple ith 0.5 mgL™" BA was found to be
the most effective medla c 1“*‘ T"%
highest shq Gﬂen

concentratigh Satheout=an

pf shoots per explants but also the

’ of:t at a low cytokinin

bortant role in shoot

% .i-ﬁ 908). Hence, media

J

h the cytokinin

induction o))

supplemented BA At 0.5 mgL' was se@ted as the appropriate

condition for shoo?)rollferatlon assays in the 1 wing experiment.

ﬂUﬂ@MBﬂﬁWﬂﬂﬂi
Shoot tip also used as an explants source cultua)n 1/2-strength B5 IM,I
QWﬂcﬁ s Vi iy

8L

N ff t a

synthetic Auxms are commonly used 1 tissue cu ture atura occurring “Auxins
include Indole-3-acetic acid (IAA) and Indole-3-butyric acid (IBA). At present, IBA
is considered to be synthetic, but has been found to occur naturally in many plants

including olive and tobacco (Epstein ef al., 1989). Synthetic Auxins which are often
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used in plant tissue culture are 1-naphthalene acetic acid (NAA) and 2.4-
dichlorophenoxyacetic acid (2,4-D). Since 2,4-D has been widely used in plant tissue,
for its ability to inhibit the production of secondary metabolites in a large number of
cases (Rajendran ef al., 1992). Therefore, during experiment, Auxins have been used

including IAA, IBA and NAA as to ventitious root formation.

Optimum auxin cougehfsation! i rggined based on percentage of root

induction and root lengthims .» ; ect of auxins on percentage of
root induction from m“ .- ‘ o ' w&in 1/2-strength BS medium
for 6 weeks. In this | s ' _ ---v;; age of root inductioe was
obtained on the med \ A>) or IBA (60%). Figure
4.16 shows th&" Pht el Gelabrd after cultured on 1/2-
strength B5 m . The resul{ \§/x J 1"‘“\1. 8:085.0 mgL"' IBA gave a

,
",
s,

high value in root tained. / "‘x_ ever, neither a significant

‘-‘

difference am 1 it au%in sionif t f@btion was shown. This
result differ fro * Of ALhenganc ¢ 1 998). They found that the
combination offjuxi . .“.‘_ A+l B ‘-,k i ed the maximum value

about 6.25+1.78 m 5= /i \

Another case as th SE" e pntaimiflg no auxins or control on root
length. It gave the S <€ e may be caused by whether the
existing of auxins itself in/fHOSEA1s: gnt for root induction. But for the

- #"f_i
percentage :0300 -

In s ﬁn_i o DA A the callusing was

presence at €v

. BSeeyct. The use of NAA is

‘kallus induction and at

more limited tﬂ other Auxins. MOStIY, 1t 1s used mostly i

2

much lower conee?ratlons than other auxins.

' iuﬂg !lﬂgtj II§ I lﬂ’]ni
Normally, the greenhouse a(d field haye lowe&tlve humldlty hlghy
to in vitro condifions, thus plantlets grown in vztro require an acclimatization process
in order to ensure that sufficient number of plants survive and grow vigorously when

transfer to soil. Acclimatization is an importance step in micropropagation. During in

vitro culture, plant develop under controlled conditions, including enclosed
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environments, no gas exchange, high moisture in the air, low light intensity, and the
use of sugars from the medium as a carbon source and energy (Preece and Sutter,
1991). Therefore, the transplanting of in vitro-grown plantlets and complete
establishment in the greenhouse can be complex for some species (Van Huylenbroeck

and Debergh, 1996). The selecti

) aj suitable substrate can be decisive for
acclimatization process. : ' .

Table 4.6 illustg ﬁ glabra affecting by different
substrates culture ( ‘._“ il; @e; SC3, garden soil mixed
with vermiculite and-ashe -1: ' 1 x."'“"‘ garden soil mixed with
ash husk (1:1) obser JThe s S x..: acclimatization process
mer. Soil provided good
e hictilit cellent water storage.
On the other han i catc udY & ONORS CASC4 and SCS. This result
indicated thas Xe iere not suitable for
acclimatization pr Foss i a shih _. . 2 age, it had a pH greater
than 7 which négativ iRlcde8 r  deveiopmer .x‘.‘* th ise of ash husk mixture
should not be reco: imAtization of t i8iplant. Therefore, SC1 was
selected as a proper ess because the cost of these

materials was reason heap

production

Productloliof secondary metabolites c e enhanced or reduced by changing

ﬂlﬂﬁ?ﬂ gNSWYINT

fact n secondary product accumulatlon (D1Cosmo and Towers, 1984; Deus and

1982). The type and concen atlon of auxin or inin or the auxin/c
QWA SRS R
q cells antell and Smith, 198

According to the previous study, a successful result was obtained for root

induction of G. glabra Linn. from shoot explants cultured under 1/2-strength BS
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medium supplemented with 5.0 mgL" IAA or IBA using an appropriate level to
achieve high percentage of root induction and root length.

Recently, previous work has reported the failure to detect in vitro production
of glycyrrhizin in G. glabra L. (Wu et al., 1974; Hayashi et al., 1988) despite they
Ipdeed, although Ko et al. (1989) reported

were found to contain several trifg
the production of glycyrrhizjny root cultures of G. ulalensis, they

ra. Wongw1cha et al. (2008)
recently reported tha - tlalensi + NAA and BA or TDZ
LLOTeRs

alone roducedW s disci abovesslowever, Shams-Ardakani et al.

(2007) similarly re ) eV ' from G. glabra var.

0 "‘h.,\;"‘ AA + 2,4-D + kinetin.

Figure gin content was clearly
julator, which dramatically

Skt tissue culture. The
%

result also show : for's BA gave' highe o 'E‘w..,l ation of biosynthesis of
glycyrrhizin pr i an ' | Ly gid “"- ’;.' [n addition, the cultures
grown on medium alhing [ aave hicher qu itYa@f glycyrrhizin than IBA at
all growing stages espgially 2t e 0 he eight weeks. These means

_ v a
IAA would enhance the pr on of glyc . This is potential dependence upon

the auxin/cytokinin ratlo Jér rte J g'; jith the broad trend also observed

for tissue ¢ ¢ of )
vm 2

%‘wth stages

There wawlo report before for the uctlon of glycyrrhizin which was

! UG INENS WY TS

expl s varied significantly, presumably reflecting large differences in glycyrrhlzln

formation durin tlssue develo m nt and dlfferentla‘& The maximum con

QW{,]@ -st ngt ﬂ\ aﬂ
with IA reache to=27:57+ 6 ug g dry wt as compared with that of

non-supplemented control (0.57+0.29 ug g dry wt). In term of 5 mgL™" IBA, it was
shown that the highest production of glycyrrhizin in cultures on weeks 6 reached to

12.14+0.64 pg g dry wt. That means that the biosynthesis of glycyrrhizin might be
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induced by IAA more than IBA. The production of glycyrrhizin stimulated in
response to 5 mgL" IAA increased significantly with time up to week 8 and then
decreased from 8 to 12 weeks. The most notable conclusions were that secondary
accumulation, in general, was enhanced by plant growth regulators and that maximum

accumulation took place at thej e jof growth The depletion of secondary

accumulation may be causeg of plant growth regulators when
i oss1b111ty is that the secondary
metabolites may not bBE - ly to inactive culture and
stored carbon recy ctivities of primary and

cted by growth, tissue

.o k secondary metabolites
compared with th .. This s, dut & Bioch@mical defence mechanism
ta e, 1994). These factors, which
dependent of location, r and'% ceumuilation o lary ptoducts in the intact plant, and
since elicitation of secp jf""ﬂ pgen will lead to the localized

production, Ofphyt ditioff, “the long cultivation

Nowatlay S rﬁr%éently advanced to
generate for tﬁejproduction of secondary metabolites (Fonﬂgpel and Tabata, 1987;

Dicosmo et al. 1%9 Dixon and Lamb, 1990 everal products are accumulated in

ANEININI NI

199 rosmarinic acid by Coleus blumei (Ulbrich et al. 1985), shikonin by

L thospermum erythrorhzzon Tak ashi and Fujlta ﬂ) dlosgenln ZOM‘
more

1 87) were accumu ated in cultured cells an 1n the intact plant.
As shown in Table 4.7, the amount of glycyrrhizin content of natural root A
and natural root B gave higher rate than those in vitro roots. However, this research

succeeded in using plant tissue culture technologies to produce glycyrrhizin better
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than ‘control’ in the short period. In order to obtain high yielding as for commercial
purposes, the protocol was established in this study which would enable for future
works on the stimulation of biosynthetic activities of cultured cell using various
methods include optimizing nutrient components adding precursors and regulators,

inducing hairy root culture and e e icitors.

ﬂﬂﬂ’)ﬂ&lﬂﬁﬂﬂﬁﬂﬁ
QW’]Mﬂ'ﬁﬂJﬂJ‘W’]’JﬂEﬂﬂU



CHAPTER VI

CONCLUSION

or 1/4-strength MS

medium gave i i of ‘ oted shoot length, stem

ber of shoots and shoot
length of G. g hed on full strength MS
medium supple ” te itk

4. The optimum co diti 7. ifoot indt pef@entage and root length of G.

glabra from shoot ex hbed on 1/2-strength B5 medium

supplemented withusi

tization process.

i

6. The presence of plant growth regulators of IAA or IBA 5.0 mgL™ gave higher

A RN HN e} T

The maximum content of glycyldlzln in culture aft Weeks was 1/2- stre
Q WARSITILAA” Ifl*'ﬂ‘ﬂ " m 8)

8. Natural roots yield higher glycyrrhizin content than in vitro roots.
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APPENDIX A

Composition of plant tissue culture media

1.1 Murashige and Skoog medium (19“’ //

Macronutrients \ mgL™’
KNO; $ ) F ’ 27.8
NH,NO; ﬁ/ a 37.3
MgSO,.7H,0 / /
CaCl,.2H,0 mgL™’
KH,PO4 J 0.5

v 0.5
Micronutrients 0.1
MnSO0,.4H,0 100
KI 2.0
H3BO;
ZnS047H,0
CuS04.5H,0
NazMo04.2H,0
CoClL.6H,0O

ﬂﬂﬂ?ﬂ&lﬂﬁﬂﬂ’]ﬂ?
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1.2 Gamborg medium (1968)

Macronutrients mgL'1 Iron mgL'1

KNO;, 2500 Feso4.7H,0O 27.8

(NH4)2S04 37.3

MgS0,4.7H,0

CaCl,.2H,0 mgL™’

NaH,PO4.H,0O 1.0
1.0

Micronutrients 1.0

MnSO4.H,O 10

KI

H3;BO;

ZnSO47H,0

CuS04.5H,0

NazMo04.2H,0

CoClL.6H,0O

AUINENINGINg
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1.3 Woody Plant Medium

Macronutrients mgL'1 Iron mgL'1

NH4NO; 400 Feso4.7H,0O 27.8

MgS0O,4.7H,0O 370 ' Na,EDTA 37.3

CaCl,.2H,0 96 \\‘ /

KH,PO, \ /

Ca(NO3),.4H,0 $ %Ounds mgL'l
: _ 0.5

Micronutrients X 0-5

MnSO4.H,0 0l

H,BO; 100

ZnSO,7H,0 20

CuS04.5H,0

NazMo04.2H,0

‘‘‘‘‘‘
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APPENDIX B

Preparation of stock solution of media

78

: pklpt ofsock ‘1\\\“*%

— |

Macronutrient - ~ 20X(g/200ml)
KNO; — , 7.6
NH4NO3 - f h 6.6
(NH4)2SO4 4 . -
MgSO4.7H20 il K 1.48
CaC12.2H2 \ 1.76
KH,PO? 170y | : 0.68
NaH2P04.H20 - -
Stock 11
Micronutrieffls Y I (l%) 100X(g/200ml)
MnSO4.H,O I / ' L= -

KI J _ : 0. 0.0166
ZnS0,47H,0 - 0.86 0.172
CuS04.5H,0 e 025 0.0005

Na3MoO = 20 = 0.005
CoCl, ) 0.0005
Stock I1T t 2 i
) 4
Iron ° mgL”’ 100X(gL™) 100X (g/200ml)

FeSO4.7H,0 | . 0.556
a i . / 6

-2

Thiamine-HCl 0.1 0.01 0.002

myo-Inositol 100 10 2

Glycine 2.0 0.2 0.04




2.2 Prepatation of stock solution of BS media
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Stock I
Macronutrients mgL'1 10X(gL'1) 20X(g/200ml)
KNO;3 25 10
NH4NO; -
(NH4)>SO4 0.536
MgSO4.7H20 1
CaCl,.2H,0 0.6
KH,PO4 -
NaH2P04.H20 . 0.6
Stock 11
Micronutrieg S /ot = W\ f}ﬁm 100X(g/200ml)
MnSO,.H>0 / J P 478 B\ 0.2
MnSO.4H,0 " == -
KI | 0.015
H;BO; 0.06
ZnS0O47H,0Q 0.04
CuS04.5H,0 0.0005
Na3MoO4.2H20 0.005
CoClL.6H,O # 0.0005
Stock 111
Iron 100X (g/200ml)

FeSO,.JH0 0.556
Na, I st e e —— 0.746
W d
Stock VI -
0l |l
Organic 100X(gL™) 100X(g/200ml)

jJamine-

-Inositol

Glycine




2.3 Preparation of stock solution of WPM
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Stock 1
Macronutrients mgL'1 10X(gL'1) 20X(g/200ml)
KNO; - i}
Ca(NO;3),.4H,0 f 556 2.224
MgSO4.7H20 1.48
CaCl,.2H,0 0.384
KH,PO, 0.68
NaH2P04.H20 . 0.6
Stock 11
Micronutriey 100X (g/200ml)
MnSO4.H>0 0.588
MHSO44H20 -
KI - -
H3BOs; 0.124
ZHSO47H20 0.172
CuS04.5H,0 0.005
Na3MoO4.2H20 0.005
COC12.6H20 ! -
Stock 111
Iron 100X (g/200ml)
FeSO4.7HH0 \ 0.556
Na,E .'.. ‘._;:’.;:____-__E ..{‘ 0.746
S f
Stock VI —
ol |l
Organic 100X(gL™) 100X(g/200ml)

jamine-H

-Inositol

Glycine
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APPENDIX C

Preparation of stock solution (1000 ppm or 1000 mgL™) of cytokinins and auxins.

Cytoklnlns mg/200ml
Kinetin \\\‘1//// 40
40

ﬂUEJ’JVIEWIﬁWEHﬂi
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APPENDIX D

Medium preparation

Mineral salts and vitami ays be prepared as stock solutions ranging
from 10-1000 times the fy olutions may be prepared as four
solutions that contai iron and organic compounds.
The culture mediascontained d=3:0% ./V) Marbon source. The pH of

medium was aW aOFFand PNH@lbefore gelling with agar

(0.7% w/v) and ACdil c . and autoclaved at

ﬂﬂﬂ’)ﬂ&lﬂﬁﬂﬂﬁﬂﬁ
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APPENDIX E
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APPENDIX F
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