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CHAPTER I 

 

INTRODUCTION 
 

 In Thailand today, Glycyrrhiza glabra Linn., commonly called licorice has 

been imported from China. As a result of restriction of specific ecological 

requirement that is not naturally cultivated. However, the increased use of this plant in 

recent years has yet to be realized, this trend is expected to increase as field 

cultivation in Thailand surge on. Licorice has been used as a sweetener and flavoring 

agent in candies industry as well as an important drug in oriental medicine. 

Glycyrrhizin is obtained from the roots and tubers of field grown intact plants, but the 

ability to grow the plant is restricted to certain climates only. In addition, the 

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. To 

increase substantial quantities and derive a maximum benefits from this plant, it is 

necessary to propagate the plantlets. In vitro micropropagation by mean of tissue 

culture techniques is a powerful tool for rapid clonal multiplication of species in 

which conventional methods have limitations. In addition to plant tissue culture is an 

attractive alternative source to whole plant for the production of high value secondary 

metabolites. 

 Although, several reports on tissue culture of licorice have been published but 

lacked the detail of culture media studies and analytical procedures. To start to clarify 

this situation, this research reports on a study which is aimed to evaluate the optimal 

culture media and plant growth regulators on shoot multiplication and root induction 

for glycyrrhizin production by tissue culture techniques. 

 



CHAPTER II 

 

LITERATURE REVIEWS 
 

2.1 Historical Reviews of Glycyrrhiza glabra Linn. 

 

 Glycyrrhiza glabra Linn., commonly known as ‘licorice’, belongs to the 

family Leguminosae in the genus Glycyrrhiza which contains 30 species native to 

subtropical and hot temperate regions. The licorice plant, as in G. glabra, is a 

herbaceous perennial native to Southern Europe and parts of Asia, the roots and 

rhizomes of which have been used commercially as non-nutritional sweetening and 

flavoring agent in some candies and pharmaceuticals formulations. The principal 

active component in licorice extract is Glycyrrhizin which is localized exclusively in 

the underground woody parts of the thickening roots and stolons (rhizomes) where it 

can comprise from 2-14% of the dry weight whereas soya-saponins, which are also 

oleanane-type triterpene saponins, are localized mainly in the seeds and rootlets of the 

licorice plant (Hayashi et al., 1996). The chemical structure of glycyrrhizin is shown 

in Figure 2.1. The roots of the licorice plant (G. glabra) are one of the oldest known 

botanicals species in Chinese medicine where the beneficial health properties 

attributed to licorice include anti-inflammation, laxative, immunomodulatory, anti-

ulcer, anti-allergy and anti-carcinogenesis (He et al., 2001; Matsui et al., 2004; 

Takahara et al., 1994; Wang and Nixon, 2001). In addition, glycyrrhizin has anti-

cancer, anti-bacterial, anti-spasmolytic and anti-viral activities, the latter against both 

DNA and RNA viruses (Fiore et al., 2008). Recently, it has been found to be highly 

active in inhibiting replication of the Severe Acute Respiratory Syndrome (SARS)-

associated virus as well as a potential therapeutic agent for chronic hepatitis and 

Acquired Immuno Deficiency Syndrome (AIDS) (Baba et al., 1988; Cinatl et al., 

2003; Ito et al., 1987). 

 Glycyrhizin is obtained from the roots and tubers of field grown intact plants, 

but the ability to grow the plant is restricted to certain climates only. In addition, the 

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 
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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 culture which can provide a rapid propagation of new 

varieties within an economically viable timescale. 

  

  

 

 

 
 

 

 

 

 

 
Figure 2.1 Chemical structures of glycyrrhizin in licorice (Yuan et al., 2005) 

  

2.2 Botanical aspects of G. glabra  

 

 Licorice is a member of the leguminosae which is one of the largest families 

of flowering plant on earth. The genus Glycyrrhiza consists of about 30 species in 

which G.glabra, G. uralensis, G. inflata, G. aspera, G. korshinskyi and G. eurycarpa 

are generally recognized as licorice because of their sweet taste.  Two Glycyrrhiza 

species, G. glabra and G. uralensis, are known as major glycyrrhizin producing 

species, and their distribution in the world is different.  G. glabra is found in Spain, 

Italy, Turkey, the Caucasus, Central Asia and the western part of China, whereas the 

distribution area of G. uralensis is from Central Asia to China.  In addition to these 

two species, G. inflata, another GL-producing species, is found in the western part of 

China. Licorice is an herbaceous perennial, growing to 1 m in height, with pinnate 

leaves about 7–15 centimetres (3–6 inches) long, with 9–17 leaflets. The flowers are 

0.8–1.2 cm (1/3 to 1/2 inch) long, purple to pale whitish blue, produced in a loose 

inflorescence. The fruit is an oblong pod, 2–3 centimetres (about 1 inch) long, 

containing several seeds (Figure 2.2). 
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Figure 2.2 Characteristics of G. glabra. 

 

2.3 Chemical compositions of licorice (G. glabra) root 

 

 The chemical composition of licorice root has been reported by several 

researchers (Shibata and Zasshi 2000). Extensive chemical studies revealed that 

Glycyrrhiza plants produce not only glycyrrhizin but also many saponins and 

flavonoids (Shibata and Saitoh 1978). The variation of the contents of these saponins 

and flavonoids, from the phytochemical and biological point of view, can be 

attributed to environmental factors, such as geographical coordinates, altitude and 

solar exposure, harvesting and processing, and thus affect the therapeutic effects of 

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

geographical location cause significant differences (Zhang and Ye 2009). For 

example, 
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 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 Glycyrrhiza species. Most licorice saponins are present as 

glucuronides. The aglycones are oleanane type pentacyclic triterpenes with 11-oxo-

12-ene, 12-ene, 11, 13(18)-diene or 9(11), 12-diene skeletons, and 3-OH, 24-OH, 22-

acetoxy, 30-COOH or 29-COOH as functional groups (Sabbioni et al., 2005). 

 

 2.3.2 Flavonoids and other phenolic compounds 

 

 More than 300 flavonoids have been isolated from Glycyrrhiza species (Li et 

al., 2000). These flavonoids belong to various types, including flavanones or 

flavanonols, chalcones, isoflavans, isoflavenes, flavones or flavonols, isoflavones and 

isoflavanones. Among them, flavanones and chalcones are of the major types. Aside 

from flavonoids, less popular phenolic compounds, like 3-aryl-coumarins coumestans 

(Lou and Qin 1995) and benzofuran (Fukai et al., 1996), have also been obtained 

from Glycyrrhiza species. The phenolic compounds in licorice could be 

chemotaxonomic markers to differentiate Glycyrrhiza species, especially the three 

official species (G. uralensis, G. glabra, and G.inflata). Such main constituents as 

liquiritigenin, liquiritin, isoliquiritigenin and isoliquiritin are present in all the three 

official species. However, some compounds may be regarded as the species-specific 

components, which mean that they may only be present in specific species. For 

instance, glabridin and glabrene are only present in G. glabra, while glycycoumarin 

only in G. uralensis, and licochalcones A and B only in G. inflate (Hatano et al., 

1999) 

 

2.4 Biosynthetic of Glycyrrhizin 

 

 Glycyrrhizin should be derived from a simple, β-amyrin (Figure 2.3), which is 

synthesized by β-amyrin synthase (bAS), an oxidosqualene cyclase (OSC). OSCs 

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 
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(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 et al., 2004). 

 

2.5 Biological activities 

 

 The pharmacological studies of licorice saponins focus on the main constituent 

glycyrrhizic acid and its aglycone glycyrrhetic acid. These two compounds exhibit 

extensive biological activities, including antiulceric, anti-inflammatory (Fujisawa et 

al., 2000), antiallergic (Ram et al., 2006), antioxidative (Yokosawa et al., 2000), 

antiviral (Chen et al., 2004), anticarcinogenic (Satomi et al., 2005), antithrombotic 

(Mendes-Silva et al., 2003), antidiabetic (Ko et al., 2007), hepatoprotective (Shim et 

al., 2000) neuroprotective (Cherng  et al., 2006) activities and others. Recently, 

glycyrrhizic acid has been used as a potential therapeutic agent for several virus 

diseases (Tandon et al., 2002), including chronic hepatitis B and C, as well as human 

Acquired Immunodeficiency Syndrome (AIDS). In recent years, licorice flavonoids 

are gaining popularities because of their significant biological activities including 

antiulceric (Nakamura et al. 2003), antioxidative (Fukai et al., 2003), anti-

inflammatory (Furuhashi et al., 2005), antimicrobial (Fukai et al., 2002), 

antispasmodic (Sato et al., 2007), antitumor (Yoon et al., 2007), metabolic syndrome 

preventive (Tominaga et al., 2006) activities and others. Most of these activities are 

attributed to the major flavonoids, like liquiritigenin, liquiritin, isoliquiritigenin and 

isoliquiritin, as well assome unique compounds like glabridin, glabrene, licochalcone 

A,  licochalcone B and glycycoumarin. 

 

2.6 Plant tissue culture for regeneration (micropropagation) 

 

 Plant tissue culture techniques are standard procedures in modern 

biotechnology. This technique, known as micropropagation, is effective because 

almost all plant cells are totipotent.  Each cell possesses the genetic information and 

cellular machinery necessary to generate an entire organism (Raven et al., 1999). 

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. 
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- 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 

environmental factors. 

- explants are cultured individually under aseptic conditions on medium, 

free from pathogen.  

- material can often be stored over a long period. 

 Murashige (1974) originally described three basic stages (I to III) for 

successful micropropagation. These stages have been used widely in many 

commercial and institutional tissue culture laboratories. Micropropagation stages for 

propagation by shoot culture are provided in Figure 2.4. 

Stage I: Selection and preparation of explants 

  Plant which is a representative typical of each variety and disease free 

would be selected as a mother plant for in vitro culture. Growth, morphogenesis and 

rates of in vitro propagation can be improved by appropriate environmental and 

chemical pretreatment of mother plant. 

Stage II: Development of aseptic culture 

  The second step in the micropropagation process is to obtain an aseptic 

culture of the selected plant material. The explants should be aseptically transferred to 

the culture environment and completed a number of survived explants without 

contamination. 

Stage III: The production of suitable propagates 

  The object of this step is to bring about the multiplication of organs 

and structures that are able to give rise to new intact plants. This step includes the 

prior induction of meristematic centres from which adventitious organs may develop. 

Stage IV: Preparation for growth in the natural environment  

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

capable of self-supporting for growth in soil or compost. This step is taken to grow 

under individual plantlets that can carry out photosynthesis and survive without an 

artificial supply of carbohydrate. This step includes the in vitro rooting of shoots prior 

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

shoots ready for rooting. 
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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 of licorice (G. glabra) 

 

 Recent development of in vitro technique has demonstrated its application in a 

rapid clonal propagation in short time, regeneration and multiplication selected 

superior clones and production of secondary metabolites. Depending on the species 

and culture conditions, the method that frequently used for commercial production is 

shoot tip culture method. Consequently, this method can be applied to 

micropropagation of G. glabra. To this end, Shah and Dalai (1980) reported in vitro 

multiplication of G. glabra on modified MS media. Syrtanova and Mukhitdinova 

(1984) attempted the tissue culture based multiplication of G.glabra and G. uralensis 

from seedling cultures. Although multiple shoot formation with some 90-95% plantlet 

survival upon transplanting into the field has been reported, they gave no 

experimental details as to how this was attained. Meanwhile, the development of 

callus and cell cultures from G. glabra has increasingly been reported and included 

from shoot tips, roots, leaves, stems and hypocotyl as explant tissue sources (Hayashi 

et al., 1988; Hayashi   et al., 1992; Tamaki et al., 1973; Yoo and Kim, 1986). 

Moreover, this has included the production of G. glabra plants from shoot tip and 

nodal explant cultures on simple minimal media (Kohjyouma et al., 1995; Thengane 

et al., 1998). Regenerative callus formation, as well as cell suspensions, has also been 

reported recently (Mousa et al., 2007).  
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Figure 2.3 The biosynthetic pathways of triterpenoid and saponin in G. glabra 

                           (Hayashi et al., 2004) 
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Figure 2.4 Micropropagation stages for production by shoot culture 
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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 
   shoot tips, node  multiple shoots  Thengane et al., 1998 
 G. uralensis cotyledons  callus   Kobayashi et al., 1985 
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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 compounds interest from plants, biotechnological 

approaches, specifically, plant tissue cultures, have potential as a supplement to 

traditional agriculture in the industrial production of bioactive secondary metabolites 

(Ramachandra Rao and Ravishankar, 2002) at a similar or superior value. According 

to the bioassay, it has been shown that the biosynthetic activity of cultured cells can 

be enhanced by plant growth regulators (Table 2.2).  

             Given that plant cell cultures are a promising alternative source for the 

production of valuable secondary metabolites; this potentially paves the way for 

potential glycyrrhizin production in tissue culture. However, despite the initial reports 

on the successful tissue culture production of licorice explants, the ability to produce 

glycyrrhizin in cell culture is controversial. Initial reports of its production by 

Glycyrrhiza sp. callus and suspension cultures, including within larger scale 80 L 

airlift bioreactors, at levels approaching 3-4% of the dry weight (Tamaki et al., 1973), 

were not replicated in callus or cell suspension cultures of a known G. glabra isolate 

(Hayashi et al., 1988). Wu et al. (1974) have reported the absence of glycyrrhizin in 

G. glabra var. typica in cell cultures, whereas Ko et al. (1989) have reported the 

production of glycyrrhizin in transformed hairy root cultures of G. ulalensis, they 

found no production in transformed roots of G. glabra. 

 Nevertheless, the formation of glycyrrhizin in G. ulalensis calli cultured in a 

Murashige & Skoog (MS) based medium supplemented with auxin (either 

naphthalene acetic acid (NAA) or 2,4-dichlorophenoxyacetic acid (2,4-D)) could be 

induced with specific combinations of the cytokinins benzyladenine (BA), 6-

furfuryaminopurine (Kientin) or thiadiazuron (TDZ) (Shams-Ardakani et al., 2007; 

Wongwicha et al., 2008). Thus, in addition to variation in the genetic source (species 

and perhaps cultivars) of the tissue or cell suspension origins, the specific culture 

requirements including auxin/cytokinin concentrations or relative ratio, seem to be 

potentially important factors in glycyrrhizin production. 

 



 

     

                                                     
Plant species  Active ingredient Culture medium  Culture type References 

Buplerum falcatum L. Saikosaponin  B5+IBA(8 mgL-1), Root  Kusakari et al., 2000 

      Sucrose(1-8%)  

Eriobotrya japonica Triterpenes  LS+NAA(10 µM), Callus  Taniguchi et al., 2000 

       BA(10 µM) 

Glycyrrhiza echinata Flavonoids  MS+IAA(1 mgL-1), Callus  Ayabe et al., 1986 

      Kinetin(0.1 mgL-1) 

Glycyrrhiza glabra  Triterpenes  MS+IAA(5 ppm), or Callus  Ayabe et al., 1990 

var. glandulifera     2,4-D(1ppm), Kinetin 

                          (0.1pppm) 

Mentha arvensis  Terpenoid  MS+BA(5 mgL-1), Shoot  Phatak and Heble, 2002 

      NAA(0.5 mgL-1) 

Panax ginseng  Saponins and  MS(without Glysine)+ Callus  Furuya et al., 1973 

    Sapogenins  2,4-D(1 mgL-1)  

Polygola amarelle Saponins  MS+IAA(1 mgL-1) Callus  Desbene et al., 1999 

 

Table 2.2 Studies on the production of some important secondary metabolites from medicinal plants by plant tissue cultures 
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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 percentage of G. glabra during the acclimatization process 

using different culture substrates. 

3. To determine time course for glycyrrhizin accumulation during culture and to 

enhance glycyrrhizin production using plant growth regulators. 
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CHAPTER III 

MATERIALS AND METHODS 

3.1 Plant materials 

 

 Shoots of G. glabra were taken from a single matured mother plant grew at 

the nursery of the Institute of Biotechnology and Genetic Engineering, Chulalongkorn 

University, Thailand.  

 

3.2 Chemical agents 

 

1. The culture media consisted of MS media (Murashige and Skoog, 1962), B5 

media (Gamborg, 1968) and Woody plant media (Llyod & McCown, 1981) were 

tissue culture grade. The component of these media, compositions and preparation of 

stock solutions were described in the Appendix I, II. 

2. Plant growth regulators used in this study were summarized as follow: 

 Auxins: 

      α -Napthaleneacetic acid (NAA), Fluka Biochemika, Switzerland 

      Indole-3-butylic acid (IBA), Fluka Biochemika, Swizerland 

      Indole-3-acetic acid (IAA), Sigma Chemical Co., USA 

 Cytokinins: 

      6-Benzyladenine (BA), Fluka Biochemika, Switzerland 

      Kinetin (Kn), Sigma Chemical Co., USA 

      Thidiazuron (TDZ), ChemService inc, USA 

 3. Chemical agents used in this study were included as follow: 

      Acetronitrile, HPLC grade from Merck 

      Methanol, HPLC grade from Merck 

      DDI Water 

      Standard Glycyrrhizic acid Ammonium salt, Fluka Biochemika, 

Switzerland 
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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 Chromquest Software. 

 2.  HPLC column: Luna 5U C18(2) 100A (250×4.60 mm) 

 3.  Rotary shaker 

 4.  Laminar air flow model ZRE-330B, Yamato Co.,Ltd., Japan 

 5.  Sonicator, D.S.C. Group Co.,Ltd., Thailand 

 6.  Paper filter Whatman No.4 

 7.  PTFE Microfilter size 0.45 µm 

 8.  Micropipette 200, 1000 µl 

 9.  Vial size 1.5 mL 

 

3.4 Micropropagation of G. glabra 

 

 3.4.1 Plant sterilization  

 

Shoot tip of G. glabra which 1.0-2.0 cm length were excised and rinsed for 30 

min in running tap water. The undertrial material was surface sterilized for 15 min in 

10% (v/v) Clorox containing 0.1% (v/v) Tween-20, and washed three times with 

sterile water under aseptic condition. 

 

 3.4.2 Initiation of cultures and culture conditions 

 

 Sterilized shoot explants were cultured on MS media containing 3.0% (w/v) 

sucrose as a carbon source and 0.7% (w/v) agar. The pH of medium was adjusted to 

5.7 using 1N NaOH before autoclaving. The cultures were maintained at 25±2๐C, 55 

µmol m-2s-1 of 16 hrs. light with provided by a cool-white fluorescent tube. 

Subculturing was done every 4 weeks and served as a basal medium (MS). Depending 

on the experiment MS was also supplemented with various growth regulators.  

  

  



17 
 

 

 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 effect of medium formulations and concentration on shoot 

growth and development 

 

To achieve a healthy plant from an explant, various kind of media 

(inorganic salt media) have been designed. One of the most commonly used media for 

plant tissue cultures is the MS medium that developed by Murashige and Skoog. The 

significant feature of the MS medium is its very high concentration of nitrate, 

potassium and ammonia. The B5 medium established by Gamborg is also being used 

by many researchers. The levels of inorganic nutrients in the B5 medium are lower 

than in MS medium. Other media that are commonly used include Lloyd and 

McCown’s Woody Plant Medium (WPM) that has been widely used successfully for 

a great many tree species. In order to obtain higher productivity and growth rate, the 

most suitable medium composition should be optimized. 

Shoot explants from 4 weeks were cut transversely and cultured on 

different media formulation with three types of basal media; MS (Murashige & Skoog 

1962), B5 (Gamborg 1968) and WPM (Llyod and McCown 1981). Each media vary 

strength of salt base including 1-, 1/2-, 1/4-strength concentrations containing 3.0% 

(w/v) sucrose and 0.7% (w/v) agar. The pH of medium was adjusted to 5.7; these 

cultures were grown under condition stated above. The number and length of the 

shoots, the stem diameter and leaf width were all recorded after 6 weeks of culture. 

 

  2. The effect of sucrose concentration on shoot growth and 

development 

 

Sucrose is suitable carbon sources which is added to the basal 

medium. However, the most suitable carbon source and its optimal concentration 

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±2๐C 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. The effect of plant growth regulators on shoot growth and 

development 

 

Plant growth regulators required to induce shoot multiplication and 

rooting. Cytokinins and Auxins are the most widely used plant growth regulators in 

plant tissue culture. During multiplication phases, cytokinins such as BA are used to 

achieve multi-shoot plants, whereas auxins such as IBA are used to induce root 

formation on culture shoots. Since each plant species requires different kinds and 

levels of plant growth regulators for shoots and roots induction, therefore it is 

important to select the most appropriate growth regulators and to determine their 

optimal concentrations.  

 

A. The effect of cytokinin types on shoot multiplication 

 

Shoot explants after 4 weeks culture were cut transversely and 

transfer to the suitable medium (determined from the results of the above trails) 

supplemented with 3.0% (w/v) sucrose and 0.7% (w/v) agar containing with different 

concentrations of the cytokinins (0, 0.5, 1.0, 1.5, 2.0 and 2.5 mgL-1) of one of 

benzyladenine (BA), 6- Furfuryaminopurine (Kientin) or thiadiazuron (TDZ). The 

cultures were maintained under condition as described in the previous section for six 

weeks. The number and length of shoots per plantlet were measured. 

 

B. The effect of auxins types on rooting ability 

 

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-1) of one of α -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 plantlets 

 

Plantlets having well developed root were removed from the culture and 

washed free of agar media and subsequently transferred individually to plastic bags 

containing with SC1, sterile garden soil; SC2, vermiculite; SC3, garden soil mixed 

with vermiculite and ash husk (1:1:1); SC4, ash husk; SC5, garden soil mixed with 

ash husk (1:1). These pots were covered with transparent plastic cover to ensure high 

humidity and kept at room temperature in natural light for about a week. Acclimatized 

plants were then transferred to the greenhouse. The percentage of survival was 

observed. 

 

3.6. Quantitative analysis of Glycyrrhizin from G. glabra 

 

 3.6.1 Preparation of plant materials 

 

  Sterilized shoot explants were cultured individually under aseptic conditions 

on MS media containing 3.0% (w/v) sucrose as a carbon source. The pH of medium 

was adjusted to 5.7 using 1N NaOH and 1N HCl before gelling with agar (0.7% w/v) 

and 15 ml of medium were dispensed in 4 oz. bottles and autoclaved at 1.5 atm of 

pressure, 121°C for 15 min. The cultures were maintained at 25±2๐C in the presence 

of 16/8 hrs. photoperiod.  

 

 3.6.2 Factors involved glycyrrhizin formation in plant tissue cultures 

 

1. Growth stages 

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.  

 

2. Plant growth regulators 

 

Plant growth regulator concentration is often a crucial factor in 

secondary metabolites accumulation (DiCosmo and Towers, 1984; Deus and Zenk, 

1982). The type and concentration of Auxin or Cytokinin or the Auxin/Cytokinin ratio 

alters dramatically causes both the growth and the product formation in cultured plant 

cells (Mantell and Smith, 1984).  

Shoot cultures from 6 weeks old were cut and transferred to half-

strength B5 medium. Each medium was supplemented with constant concentration 

(5.0 mgL-1) of auxins (IAA and IBA). Roots were harvested and analyzed at different 

time intervals. Three replicates of samples were maintained for each treatment 

conditions. The method for extraction of glycyrrhizin contents were described in 

section 6. 

 

 3.6.3 Sample preparation for HPLC analysis 

 

1. Preparation of standard solutions 

 

Pure glycyrrhizin (Fluka, Catalog no. 2588877, lot no.1354108) was 

used as standard solution. A 10 mg of glycyrrhizin standard were accurately weighed 

and placed in 10 ml volumetric flask. Deionized water was used as the solvent to give 

a 1 mg/ml mixed standard solution. The standard solutions were made up to volume 

with deionized water to give a series of standard solutions of 0.00, 0.025, 0.05, 0.1, 

0.25, 0.5 and 1.0 mg/ml, used for the calibration curve.  

 

2. Preparation of sample solutions 

 

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 µl aliquot of this extract solution were analyzed by HPLC.  

 

3. High performance liquid chromatography conditions 

 

Glycyrrhizin extract in all treatments of Glycyrrhiza were analyzed 

by HPLC. The conditions of HPLC analysis were described below: 

HPLC conditions:   

 

HPLC Column   :  Phenomenex column (Luna 5U C18(2)  

100A, size 250×4.60 mm) 

Mobile phase    :  Acetonitrile/Water (1% AcOH)(Gradient  

elution from 0 min (10:90), 15 min 

(50:50), 40 min (60:40) and 50 min 

(100:0)   

Flow rate    : 0.9 ml/min for 40 min 

Injection volume   : 10 µl 

 Wavelength Detection  : 254 nm 
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Figure 3.1 Sample preparation for HPLC analysis 

 
 
3.7 Statistic analysis 

 

 A complete randomized design (CRD) was used for all experiments. The data 

were analyzed using SPSS Version 16.0. ANOVA was used to analyze data. 

Significant differences were assessed using Scheffe’s multiple range test and 

significance was accepted at P < 0.05. 

 

               Dried sample 
            100 mg (dry wt.)  
 

 pulverized and extracted with             
95% methanol 20 ml for 12 hrs. 
 

evaporated to dryness 

dissolved with methanol 1 ml  

filtered with syringe filter PVDF, 
0.45 µm 

aliquoted 10 µl for analyze with HPLC 



CHAPTER IV 
 

RESULTS 
 

4.1 Tissue culture of G. glabra. 
 
 4.1.1 Effect of medium formulations and its concentration on shoots 

growth and development  

 
  To optimize the culture medium on shoots growth and development, shoot tips 

of in vitro grown plantlets after 1 month of culture on MS medium were used as the 

starting materials. The morphogenesis responses in each treatment were observed 

according to Table 4.1. It has been shown that 1/2-strength B5 salt was suitable for  

G. glabra plants growth when observe morphogenic potentialities (i.e. shoot length, 

stem diameter, leaf width and number of branches) of other medium. 1/2-strength B5 

salt yielded the maximum value in shoot length, leaf width and number of branches 

and significantly different as compare to full strength B5 salt and 1/4 strength B5 salt 

respectively. In addition, significant occurs in stem diameter and leaf width when 

comparison between medium types. 

 Meanwhile, 1/4-strength MS salt resulting healthily shoot, uniform stem, 

width leaves and strong branches as compared to those grown on the same medium 

(Figure 4.3, 4.4 and 4.5). Therefore, sugar concentrations will be the major key in 

next experiments on 1/2-strength B5 and 1/4-strength MS medium. However a 

magnificent effect on reduction of medium had the maximum value about 1.5 in 

number of shoots was found on full-strength MS salts (Figure 4.1). Therefore, further 

experiments were conducted to assess the increases in shoot multiplication rate with 

cytokinins at different concentration with full-strength MS salts. 
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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 represent mean value of 20 culture ±S.E. Within a column, values with different 

superscript letters are significantly different (P < 0.05) using Scheffe’s multiple range 

test. 

                

 

 

 

 
 

 

 
Medium 

 
Strength 

 
Number of 

shoots/explant 

 
Shoot 
length 
(cm) 

 
Stem 

diameter 
(cm) 

 

 
Leaf width 

(cm) 

 
Number of 

branches/explant 
 

       

 1 1.40±0.15A 5.00±0.27B 0.07±0.00A  0.60±0.02AB 6.30±0.26B 

B5 1/2   1.25±0.12AB 6.58±0.32A 0.06±0.00A 0.68±0.03A 8.00±0.33A 

 1/4 1.00±0.00B  5.94±0.38AB 0.05±0.00B 0.54±0.03B 7.35±0.25A 

       

       

 1 1.50±0.20A 5.45±0.40A 0.05±0.03A 0.36±0.02B       4.95±0.21B 

MS 1/2 1.45±0.21A 5.80±0.42A 0.05±0.02A 0.32±0.03B  5.95±0.35AB 

 1/4 1.10±0.07A 5.00±0.30A 0.06±0.02A 0.54±0.02A 6.35±0.22A 

       

       

 1 1.00±0.00A 5.12±0.35B 0.06±0.00A  0.43±0.03AB 3.55±0.48B 

WPM 1/2 1.05±0.05A  6.30±0.30AB 0.05±0.00B 0.49±0.02A   4.85±0.36AB 

 1/4 1.00±0.00A 6.48±0.35A 0.04±0.00C 0.38±0.02B 5.90±0.24A 
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Figure 4.1 Effect of medium types on average number of shoots of G. glabra after 6 

weeks. Each bar represents the mean ±S.E. of 20 replicates. Statistical 

significance among the treatments at P<0.05 indicated by A, B was 

determined by Scheffe’s multiple range test. 
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Figure 4.2 Effect of medium types on average shoot length of G. glabra after 6 

weeks. Each bar represents the mean ±S.E. of 20 replicates. Statistical 

significance among the treatments at P<0.05 indicated by A, B was 

determined by Scheffe’s multiple range test. 
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Figure 4.3 Effect of medium types on average stem diameter of G. glabra after 6 

weeks. Each bar represents the mean ±S.E. of 20 replicates. Statistical 

significance among the treatments at P<0.05 indicated by A, B, C was 

determined by Scheffe’s multiple range test. 
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Figure 4.4 Effect of medium types on average leaf width of G. glabra after 6 weeks. 

Each bar represents the mean ±S.E. of 20 replicates. Statistical 

significance among the treatments at P<0.05 indicated by A, B, C, D was 

determined by Scheffe’s multiple range test. 
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Figure 4.5 Effect of medium types on average number of branches of G. glabra after 

6 weeks.Each bar represents the mean±S.E. of 20 replicates. Statistical 

significance among the treatments at P<0.05 indicated by A, B, C was 

determined by Scheffe’s multiple range test. 
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Figure 4.6 Shoot explants of licorice on various medium with different of salt base observed after 6 weeks. 
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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 characteristics of shoot growth were shown in Table 3.2. Sugars 

serve as the energy source for plant cultures. Because of imitations in CO2 availability 

and plant tissue require enough sugar to add to media for growth. The results of shoot 

length and number of branches from the explants cultured on 1/4-strength MS 

medium gave a higher value when compared with 1/2-strength B5 medium at 10 and 

30 gL-1 sucrose concentration (Figure 4.7 and 4.10). 

 On other hand, the results of stem diameter and  leaf width from the explants 

cultured on 1/2-strength B5 medium gave a higher value when compared with 1/4-

strength MS medium at sucrose concentration of ranging from 30-60 gL-1 (Figure 4.8 

and 4.9). Therefore, the high efficiency of shoot growth that promoted shoot length, 

stem diameter, leaf width and number of branches was obtained at 30 gL-1 sucrose. 
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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 

 
Data represent mean value of 20 culture± S.E. Within a column, values with different 

superscript letters are significantly different (P < 0.05) using Scheffe’s multiple range 

test. 

 

 

 

 

 
Medium 

 
Sugar 

concentration 
(gL-1) 

 

 
Shoot length 

(cm) 

 
Stem diameter 

(cm) 

 
Leaf width 

(cm) 

 
Number of 

branches/explant 
 

      

 0 2.67±0.29B 0.04±0.00A  0.18±0.02B 4.80±0.25A 

 10 5.45±0.46A 0.04±0.00A    0.26±0.03AB 5.25±0.33A 

 

1/2B5 

20 

30 

40 

50 

60 

5.44±0.54A 

  3.76±0.37AB 

  4.13±0.59AB 

  2.82±0.57AB 

     2.57±0.33B 

0.05±0.00A 

0.06±0.02A 

0.06±0.00A 

0.05±0.00A 

0.06±0.00A 

0.34±0.02A 

  0.32±0.04AB 

  0.32±0.05AB 

  0.21±0.04AB 

  0.25±0.03AB 

5.10±0.28A 

4.86±0.70A 

5.60±0.31A 

5.00±0.45A 

5.00±0.43A 

      

 0 1.90±0.22C   0.06±0.00AB 0.07±0.01B  3.31±0.38C 

 

 

1/4MS 

10 

20 

30 

40 

50 

60 

7.50±0.59A 

5.46±0.56A 

6.32±0.56A 

4.24±0.56B 

4.68±0.60B 

4.21±0.47B 

0.04±0.00B 

  0.05±0.00AB 

0.05±0.00A 

0.05±0.00A 

0.06±0.00A 

0.05±0.00A 

0.22±0.02A 

0.24±0.02A 

0.24±0.02A 

0.25±0.02A 

0.25±0.03A 

0.18±0.02A 

  6.42±0.30AB 

7.20±0.40A 

  6.95±0.32AB 

  5.10±0.35BC 

5.32±0.35B 

  5.21±0.48BC 
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Figure 4.7 Effect of sucrose concentrations on average shoot length of G. glabra after 

6 weeks. Each bar represents the mean±S.E. of 20 replicates. Statistical 

significance among the treatments at P<0.05 indicated by A, B, C was 

determined by Scheffe’s multiple range test. 
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Figure 4.8 Effect of sucrose concentrations on average stem diameter of G. glabra 

after 6 weeks. Each bar represents the mean±S.E. of 20 replicates. 

Statistical significance among the treatments at P<0.05 indicated by A, B 

was determined by Scheffe’s multiple range test. 
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Figure 4.9 Effect of sucrose concentrations on average leaf width of G. glabra after 6 

weeks. Each bar represents the mean±S.E. of 20 replicates. Statistical 

significance among the treatments at P<0.05 indicated by A, B, C was 

determined by Scheffe’s multiple range test. 
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Figure 4.10 Effect of sucrose concentrations on average number of branches of G. 

glabra after 6 weeks. Each bar represents the mean ±S.E. of 20 

replicates. Statistical significance among the treatments at P<0.05 

indicated by A, B, C was determined by Scheffe’s multiple range test. 
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Figure 4.11 Characteristics of shoots growth cultured on 1/2 strength B5 medium 

supplemented with various concentrations of sucrose for 6 weeks. 

sucrose concentration; (A) 0 gL-1, (B) 10 gL-1,(C ) 20 gL-1,                 

(D) 30 gL-1 , (E) 40 gL1, (F) - 50 gL-1, (G) 60 gL-1 

 

     

 

 

A B C 

D 
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Figure4.12 Characteristics of shoots growth cultured on 1/4 strength MS medium 

supplemented with various concentrations of sucrose for 6 weeks. 

sucrose concentration; (A) 0 gL-1 , (B) 10 gL-1,(C ) 20 gL-1, (D) 30 gL-1  , 

(E) 40 gL-1, (F) - 50 gL-1, (G) 60 gL-1 
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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 concentration of three types of cytokinins which were 

BA, TDZ and kinetin was supplemented at concentration of 0, 0.5, 1.0, 1.5, 2.0 and 

2.5 mg.L-1 in MS medium. In the present protocol, shoot cultured on MS medium 

containing 0.5 mgL-1 BA after cultured for 6 weeks proved to be the most effective as 

on this medium not only the number of shoots gave a higher number of shoots, 4.75 

per explants but also, the shoot length was the highest (Figure 4.13, 4.14 and 4.15). 
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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-1) 
Number of shoots Shoot length (cm) 

BA TDZ Kinetin 

0 

0.5 

1.0 

1.5 

2.0 

2.5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.10±0.10C 

4.75±0.42A 

2.70±0.46B 

 1.25±0.12BC 

 1.25±0.12BC 

 1.40±0.13BC 

5.97±0.39A 

3.78±0.33B 

  3.57±0.40BC 

  2.22±0.22CD 

1.98±0.18D 

  2.26±0.20CD 

0 

0 

0 

0 

0 

0 

0.5 

1.0 

1.5 

2.0 

2.5 

0 

0 

0 

0 

0 

0 

1.10±0.07A 

1.85±0.43A 

2.40±0.44A 

1.00±0.00A 

1.05±0.05A 

1.15±0.11A 

4.26±0.20A 

1.08±0.06B 

0.98±0.03B 

1.11±0.06B 

1.01±0.08B 

1.26±0.11B 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.5 

1.0 

1.5 

2.0 

2.5 

 1.20 ±0.09A 

1.10±0.07A 

         1.00±0.0A 

1.35±0.13A 

1.40±0.18A 

1.70±0.25A 

5.00±0.44A 

3.13±0.30B 

2.39±0.19B 

2.07±0.22B 

2.24±0.24B 

3.13±0.40B 

 

Data represent mean value of 20 culture ±S.E. Within a column, values with different 

superscript letters are significantly different (P < 0.05) using Scheffe’s multiple range 

test. 
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Figure 4.13 Effect of cytokinins on average shoots number of G. glabra after cultured 

on MS medium for 6 weeks. Each bar represents the mean ±S.E. of 20 

replicates. Statistical significance among the treatments at P<0.05 

indicated by A, B, C was determined by Scheffe’s multiple range test. 
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Figure 4.14 Effect of cytokinins on average shoots length of G. glabra after cultured 

on MS medium for 6 weeks. Each bar represents the mean ±S.E. of 20 

replicates. Statistical significance among the treatments at P<0.05 

indicated by A, B, C, D, E was determined by Scheffe’s multiple range 

test. 
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Figure 4.15 Multiple shoot from shoot tip of G. glabra after cultured 6 weeks on MS 

medium supplemented with 0.5 mgL-1 BA. 
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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-1 in 1/2-strength B5 medium. 

The influence of auxins on root induction was shown in Table 4.4. Observations, 

expressed as percentage of root induction and average length of root, were recorded 

after 6 weeks. In this experiment, it was found that the high percentage of root 

formation was obtained on the medium supplemented with 5.0 mgL-1 of either IAA or 

IBA (Table 4.5). However, whilst the addition of IBA in the rooting medium for 

explants was found to be more suitable for root induction than IAA containing 

medium in terms of the root length attained (Figure 4.16), in contrast the addition of 

IAA yielded a greater ratio of explants that actually rooted than that seen with IBA. 

For 1/2-strength B5 medium supplemented NAA could not be observed as the result 

of callus formation (Figure 4.19). 
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Table 4.4 Effect of auxins concentrations on root induction in G. glabra in 1/2-

strength B5 medium 

 

Auxins concentrations (mgL-1) 
Rooting% Length of roots (cm) 

IAA IBA NAA 

0 

1.0 

2.0 

3.0 

4.0 

5.0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

50 

50 

60 

50 

40 

70 

2.26±0.12A 

1.82±0.43A 

1.20±0.28A 

1.56±0.26A 

1.12±0.30A 

1.43±0.22A 

0 

0 

0 

0 

0 

0 

1.0 

2.0 

3.0 

4.0 

5.0 

0 

0 

0 

0 

0 

0 

50 

30 

30 

40 

40 

60 

2.71±0.43A 

1.78±0.58A 

0.90±0.38A 

1.85±0.36A 

1.80±0.36A 

1.90±0.34A 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.0 

2.0 

3.0 

4.0 

5.0 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

 

Data represent mean value of 20 culture± S.E. Within a column, values with different 

superscript letters are significantly different (P < 0.05) using Scheffe’s multiple range 

test. 
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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 

 

Concentration (mgL-1) 
Root induction (%) 

IAA IBA NAA 

0  50 50 - 

1  50 30 - 

2  60 30 - 

3  50 40 - 

4  40 40 - 

5  70 60 - 
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Figure 4.16 Effect of auxins and its concentrations on average root length of G. 

glabra after cultured on 1/2- strength B5 medium for 6 weeks. Each bar 

represents the mean ±S.E. of 20 replicates.  
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Figure 4.17 Rooting on 1/2 strength B5+ 5.0 mgL-1 IAA of G. glabra after cultured 

for 6 weeks. 
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Figure 4.18 Rooting on 1/2 strength B5+ 5.0 mgL-1 IBA of G. glabra after cultured 

for 6 weeks. 
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Figure 4.19 Callus derived from G. glabra shoot explants on 1/2 strength B5+2.0 

mgL-1 NAA after cultured for 6 weeks. 
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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 1:1:1 (w/w) (SC3), ash husk (SC4) and garden soil 

mixed with ash husk at 1:1 (w/w) (SC5). These plantlets were kept at room 

temperature in natural light for about a week and then transferred to a greenhouse, 

where the surviving plantlets resumed normal growth and developed healthy leaves 

after two weeks. In the case of the SC1 media, some 95% of the plantlets survived 

(Table 4.6). 

 

Table 4.6 The survival percentage of G. glabra affecting by different culture 

substrates (SC1, sterile garden soil; SC2, vermiculite; SC3, garden soil 

mixed with vermiculite and ash husk (1:1:1); SC4, ash husk; SC5, garden 

soil mixed with ash husk (1:1) observed after 3 weeks. 

 
 

Culture substrates % Survival 

SC1 95 
SC2 95 
SC3 0 

SC4 0 

SC5 0 
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Figure 4.20 Plantlet which well developed roots of G. glabra after transfered to 

plastic bag containing various culture substrates; sterile garden soil 

(SC1), vermiculite (SC2), garden soil mixed with vermiculite and ash 

husk (1:1:1) (SC3), ash husk (SC4) and garden soil mixed with ash husk 

(SC5). 

 

 

 

SC1 SC2 SC3 SC4 SC5 



53 
 

 

4.2 Quantitative analysis of glycyrrhizin in G. glabra 

 

 4.2.1 Effect of plant growth regulators on glycyrrhizin production 

 

 The effect of IAA or IBA on glycyrrhizin production of shoot explants 

cultured on 1/2-strength B5 medium was shown in Figure 4.21. The results showed 

that IAA and IBA gave higher stimulation of biosynthesis of glycyrrhizin production 

than control in every growth stages. It can be concluded that the secondary metabolic 

system of the plant is stimulated by the chemical stress to accelerate the production of 

glycyrrhizin. In addition, IAA also gave higher certain of glycyrrhizin than IBA at all 

the growth stages especially at the highest value on the eighth weeks. 

 

 4.2.2 Glycyrrhizin accumulation of culture during growth stages 

 

 Shoot cultures from 6 weeks old were cut and transferred to half-strength B5 

medium. Each medium was supplemented with constant concentration at 5.0 mgL-1 of 

two auxins (IAA and IBA). Roots were harvested and analyzed at different time 

intervals. Three replicates of samples were maintained for each treatment conditions. 

The contents of glycyrrhizin were analyzed by HPLC. The time course of the effect of 

plant growth regulators on glycyrrhizin accumulation in 12 weeks old cultures is 

shown in Figure 4.21. After 8 weeks, the maximum content of glycyrrhizin in culture 

using 1/2- strength B5 medium supplemented with 5 mgL-1 IAA reached significantly 

to 27.57±0.66 µg g-1 dry wt as compared with that of the non-supplemented control 

(0.57±0.29 µg g-1 dry wt). 

 

 4.2.3 Variability in the content of glycyrrhizin between in vitro licorice 

root and natural licorice root 

 

 Two different source of natural root were purchased from local Chinese herbal 

stores in Bangkok while in vitro root derived from our own lab. Licorice root was 

extracted for analysis of glycyrrhizin detected by HPLC. According to the result of 

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 (µgg-1 dry wt) in licorice sample 

of in vitro root cultured on 1/2-strength B5 medium supplemented with 5 mgL-1 IAA 

after 8 weeks, natural root A and natural root B. It was clearly shown that natural root 

A and B gave the higher glycyrrhizin content more than in vitro root. 

 

Table 4.7 Glycyrrhizin content (µgg-1 dry wt) in licorice sample; in vitro root of 

licorice cultured on 1/2 B5+ 5 mgL-1IAA after 8 weeks(A); natural root 

A(B); natural root B(C). 

 

Licorice sample Glycyrrhizin content  
(µgg-1 dry wt) 

A                27.57 ± 0.66 
B 140.39 ± 1.44 

C 393.16 ± 4.83 
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Figure 4.21 Glycyrrhizin accumulation in culture of G. glabra using 1/2-strength B5 

supplemented with 5 mgL-1IAA or IBA harvested at different cultivation 

time. Each bar represents the mean ±S.E. of 20 replicates. Statistical 

significance among the treatments at P<0.05 indicated by A, B, C, D, E, 

F was determined by Scheffe’s multiple range test. 
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Figure 4.22 In vitro roots of G. glabra  

                  (A) Rooting derived from the cultured of licorice on 1/2-strength B5 

medium supplemented with 5 mgL-1IAA after 8 weeks which use for 

glycyrrhizin detection.  

       (B)  HPLC profile of the crude sample extracted from In vitro root of  

                         licorice for the glycyrrhizin (GA) detected at 254 nm. 
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Figure 4.23 Natural root A (A); HPLC profile of the crude sample extracted from 

natural root A of licorice for the analysis of glycyrrhizin detected at 254 

nm (B). 
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Figure 4.24 Natural root B (A); HPLC profile of the crude sample extracted from 

natural root B of licorice for the analysis of glycyrrhizin detected at 254 

nm (B). 
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CHAPTER V 

 

DISCUSSION 
 

5.1 Tissue culture of G. glabra 

 

 5.1.1 Effect of medium formulations and concentration on shoots growth 

and development 

 

 As for plant development, tissue culture is a good means of starting for shoot 

tips explants. Under total artificial environment, different species of cultured plant 

may require different nutrient. Even the tissue from the different parts of the same 

plant may differ in nutritional requirement for satisfactory growth (Murashige and 

Skoog 1962). That mean the composition of basal culture medium was an important 

factor for the successful establishment of tissue culture in which each tissue required 

different formulation (Dixon 1990). No doubt, the MS is the most common medium 

formulation and proved to be satisfactory in tissue culture of many plant species for 

micropropagation, several others are used regularly. Tissue culture of G. glabra was 

chosen in this study using different media (MS, B5 and WPM) for shoots growth and 

development under different concentration of salt base (1-, 1/2-, 1/4-strength). After 

six weeks of culture, morphogenic changes in the cultured explants were clearly 

observed. The favorable effect of a low concentration of MS macronutrients, also 

noted in this study (data not shown), has been discussed by many authors, as has the 

increased rate of multiplication when using MS salts at 3/4-, 1/2- and 1/4- strength 

(Hyndman et al., 1982). In the present study, however, media formulation additionally 

was observed to display a clear effect upon the morphogenic responses that were 

observed. In overall, 1/2-strength B5 salts were the most suitable media for the in 

vitro tissue culture growth and morphogenesis of G. glabra plants (Table 4.1). In 

accordance with the Gamborg’s B5 medium, it was devised for the culture of legume 

(leguminosae) and contains a much greater proportion of nitrate compared to the 

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

growth and development at low concentration of salt base. 
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 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 development as for using WPM, poor growth and 

development on the external morphology in culture explants was obtained. However, 

despite the general beneficial effect of the reduced macronutrient level of media on G. 

glabra plant growth and differentiation (Table 4.1), the maximum number of shoots 

per explant (1.5) was found when explants were grown on full-strength MS salts, but 

still this was only marginally higher than that on half-strength MS. Therefore, the 

effect of cytokinins at different concentrations upon shoot multiplication rates was 

evaluated in explants cultured under full-strength MS salts. 

 

 5.1.2 Effect of sucrose concentration on shoots growth and development 

 

 Several authors have been reported the influence of the carbon source on the 

in vitro morphogenesis of different plant species. Among the many available carbon 

sources, sucrose has been the major role (Petersen et al., 1999; Fuentes et al., 2000). 

Sugar and basal medium are necessary components of plant tissue culture medium. 

Sugar concentration and strength of basal medium was studied on conversion of 

somatic embryos in Asparagus officinalis L. but, there is no report about the effects of 

sugar and basal medium on growth and development of shoot explants in G. glabra. 

 Table 4.2 shows the effects of concentration of sugar on shoot length, stem 

diameter, leaf width and number of branches. The results of this study show that the 

growth of shoot length and number of branches from shoot explants cultured under 

1/4-strength MS medium gave a higher value when compared with 1/2-strength B5 

medium at 10 and 30 gL-1 sucrose concentration. It was suggested that lower 

concentrations of sugar under 1/4-strength MS medium promoted the growth of shoot 

length and number of branches and inhibited the growth of stem diameter and leaf 

width. In contrast, the results of stem diameter and leaf width from the explants 

cultured under 1/2-strength B5 medium gave a higher value when compared with 1/4-

strength MS medium at sucrose concentration of ranging from 30 - 60  gL-1. 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-1 of sucrose concentration 

should get fine morphological shoot structure. 

 

 5.1.3 Effect of cytokinin on shoot multiplication 

 

 Cytokinins were used mostly to induce shoot bud induction, development and 

multiplication. It stimulated cell division and both formation and growth of axillary 

and adventitious shoots in plant tissue culture. Both naturally occurring and synthetic 

Cytokinins are used in plant culture media. In this study, synthetic cytokinins 

including benzyladenine (BA), 6- furfurylaminopurine (Kinetin) and thidiazuron 

(TDZ) are used to inducing shoot multiplication due to the lowering cost. 

 Cytokinin in full-strength MS medium was used for shoot tip as a explants 

source. Certainly, the in vitro multiplication of G. glabra using different explants 

sources on modified MS media has been reported previously for seedling explants 

(Shah and Dalai, 1980) and cultures (Syrtanova and Mukhitdinova, 1984), as well as a 

high frequency regeneration of G. glabra from nodal explants. Moreover, whilst 

successful shoot tip explant cultivation in simple media has been reported before 

(Thengane et al., 1998) study, however, shoot explants were successfully cultured for 

six weeks on MS medium, and that supplemented with 0.5 mgL-1 BA was found to be 

the most effective media resulting highest number of shoots per explants but also the 

highest shoot length. This is in agreement with previous reports that a low cytokinin 

concentration without any exogenously added Auxins plays an important role in shoot 

induction (Kohjyouma et al., 1995; Thengane et al., 1998). Hence, media 

supplemented with the cytokinin BA at 0.5 mgL-1 was selected as the appropriate 

condition for shoot proliferation assays in the following experiment.  

 

 5.1.4 Effect of auxin types on rooting ability 

 

 Shoot tip also used as an explants source cultured on 1/2-strength B5 medium 

supplemented with Auxin which are known to affect a root formation. Natural and 

synthetic Auxins are commonly used in tissue culture. Natural 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 et 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 et al., 1992). Therefore, during experiment, Auxins have been used 

including IAA, IBA and NAA as to induce adventitious root formation. 

Optimum auxin concentration is determined based on percentage of root 

induction and root length. Table 4.5, illustrated the effect of auxins on percentage of 

root induction from shoot explants which were cultured on 1/2-strength B5 medium 

for 6 weeks. In this study, it was found that a high percentage of root induction was 

obtained on the medium with 5.0 mgL-1 of either IAA (70%) or IBA (60%). Figure 

4.16 shows the Effect of auxins on root length of G. glabra after cultured on 1/2- 

strength B5 medium for 6 weeks. The result shown that 3.0-5.0 mgL-1 IBA gave a 

high value in root length and obtained a healthy root. However, neither a significant 

difference among the kinds of auxin nor a significant interaction was shown. This 

result differ from the results of Thengane et al. (1998). They found that the 

combination of auxins (0.5 mgL-1IAA + 1.0 mgL-1IBA) yielded the maximum value 

about 6.25±1.78 mm in root length. 

 Another case found was those medium containing no auxins or control on root 

length. It gave the highest value. This occurrence may be caused by whether the 

existing of auxins itself in those tissues is sufficient for root induction. But for the 

percentage of root induction shown to decrease rooting.  

In case of explants grown on medium containing NAA, the callusing was 

presence at every level of NAA. The data could not be observed. The use of NAA is 

more limited than other Auxins. Mostly, it is used mostly in callus induction and at 

much lower concentrations than other auxins. 

 

 5.1.5 Hardening of plantlets 

 

 Normally, the greenhouse and field have lower relative humidity, higher light 

level and septic environment that cause stress to micropropagated plants as compared 

to in vitro conditions, thus plantlets grown in vitro 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 selection of a suitable substrate can be decisive for 

acclimatization process. 

  Table 4.6 illustrated, the survival rate of G. glabra affecting by different 

substrates culture (SC1, sterile garden soil; SC2, vermiculite; SC3, garden soil mixed 

with vermiculite and ash husk (1:1:1); SC4, ash husk; SC5, garden soil mixed with 

ash husk (1:1) observed after 3 weeks. The substrates used for acclimatization process 

revealed that SC1 and SC2 have survival percentage 95% either. Soil provided good 

aggregation to root water retention, whereas vermiculite had excellent water storage. 

On the other hand, plant survival rate was zero for SC3, SC4 and SC5. This result 

indicated that those substrates mixed with ash husk were not suitable for 

acclimatization process. Although ash husk had a great drainage, it had a pH greater 

than 7 which negatively affected plant development and the use of ash husk mixture 

should not be recommended for the acclimatization of this plant. Therefore, SC1 was 

selected as a proper substrate for acclimatization process because the cost of these 

materials was reasonably cheap. 

 

5.2 Quantitative analysis of glycyrrhizin in G. glabra 

 

 5.2.1 Effect of plant growth regulators on glycyrrhizin production 

 

 Production of secondary metabolites can be enhanced or reduced by changing 

the composition of the nutrient medium, carbon supply, plant growth regulators and 

the stage of growth of the culture. Growth regulator concentration is often a crucial 

factor in secondary product accumulation (DiCosmo and Towers, 1984; Deus and 

Zenk, 1982). The type and concentration of auxin or cytokinin or the auxin/cytokinin 

ratio alters dramatically both the growth and the product formation in cultured plant 

cells. (Mantell and Smith, 1984) 

 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 B5 
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medium supplemented with 5.0 mgL-1 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 

were found to contain several triterpenes. Indeed, although Ko et al. (1989) reported 

the production of glycyrrhizin in transformed hairy root cultures of G. ulalensis, they 

found no production in transformed roots of G. glabra. Wongwicha et al. (2008) 

recently reported that G. ulalensis calli induced using MS + NAA and BA or TDZ 

alone produced glycyrrhizin, as discussed above. However, Shams-Ardakani et al. 

(2007) similarly reported the formation of glycyrrhizin from G. glabra var. 

glandulifera calli tissue induced using MS + 2, 4-D or MS+NAA + 2,4-D + kinetin. 

 Figure 4.21 showed that the variation in the glycyrrhizin content was clearly 

attributed to the type and concentration of plant growth regulator, which dramatically 

altered both the growth and their glycyrrhizin formation in plant tissue culture. The 

result also showed that IAA or IBA gave higher stimulation of biosynthesis of 

glycyrrhizin production than ‘control’ in every growth stages. In addition, the cultures 

grown on medium containing IAA gave higher quantity of glycyrrhizin than IBA at 

all growing stages especially at the highest value on the eight weeks. These means 

IAA would enhance the production of glycyrrhizin. This is potential dependence upon 

the auxin/cytokinin ratio reported here in accord with the broad trend also observed 

for tissue culture of G. ulalensis explants (Wongwicha et al., 2008).  

 

 5.2.2 Glycyrrhizin accumulation of culture during growth stages 

 

There was no report before for the production of glycyrrhizin which was 

stimulated by plant growth regulator using as chemical stress. The results shown in 

Figure 4.21 indicated the time course for glycyrrhizin accumulation in the cultured 

explants varied significantly, presumably reflecting large differences in glycyrrhizin 

formation during tissue development and differentiation. The maximum content of 

glycyrrhizin in culture after 8 weeks under 1/2- strength B5 medium supplemented 

with 5 mgL-1 IAA reached to 27.57±0.66 µg g-1 dry wt as compared with that of the 

non-supplemented control (0.57±0.29 µg g-1 dry wt). In term of 5 mgL-1 IBA, it was 

shown that the highest production of glycyrrhizin in cultures on weeks 6 reached to 

12.14±0.64 µg g-1 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-1 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 the late time of growth. The depletion of secondary 

accumulation may be caused by the decomposing of plant growth regulators when 

cultures were carried out in light over time. Another possibility is that the secondary 

metabolites may not be stable enough, degraded ultimately to inactive culture and 

stored carbon recycled back for balancing between the activities of primary and 

secondary metabolism, which would be largely affected by growth, tissue 

differentiation and development of plant body. 

 

 5.2.3 Variability in the content of glycyrrhizin between in vitro licorice 

root and natural licorice root 

 

 Plant tissue culture usually produce low amounts of secondary metabolites 

compared with the intact plant. This is due to the biochemical defence mechanism 

against pathogens and predators (Bennet and Wallsgrove, 1994). These factors, which 

dependent of location, and accumulation of secondary products in the intact plant, and 

since elicitation of secondary pathway by pathogen will lead to the localized 

production of phytoalexin or secondary metabolites. In addition, the long cultivation 

periods also used to produce high-yielding secondary metabolites. 

 Nowadays, the plant cell culture technology is sufficiently advanced to 

generate for the production of secondary metabolites (Fontanel and Tabata, 1987; 

Dicosmo et al. 1989; Dixon and Lamb, 1990). Several products are accumulated in 

cultured cells at a higher level than found in intact plants. For example, berberine by 

Coptis japonica (Matsubara et al. 1989), ginsenosides by Panex ginseng (Ushiyama, 

1991), rosmarinic acid by Coleus blumei (Ulbrich et al. 1985), shikonin by 

Lithospermum erythrorhizon (Takahashi and Fujita, 1991), diosgenin by Dioscorea 

(Matsumoto et al. 1980), ubiquinone-10 by Nicotiana tabacum (Fontanel and Tabata, 

1987) were accumulated in cultured cells more than in 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 employing elicitors. 

 

 



CHAPTER VI 

 

CONCLUSION 

 
The present work could be concluded as follows: 

 

1. The effective media for shoot growth and development of G. glabra was 1/2- 

strength B5 medium. 

 

2. Addition of 30 gL-1 sucrose on 1/2-strength B5 medium or 1/4-strength MS 

medium gave the high efficiency of shoot growth that promoted shoot length, stem 

diameter, leaf width and number of branches. 

 

3. The optimum conditions for shoot multiplication on number of shoots and shoot 

length of G. glabra from shoot explants can be accomplished on full strength MS 

medium supplemented with 0.5 mgL-1 BA. 

 

4. The optimum conditions for root induction on percentage and root length of G. 

glabra from shoot explants were established on 1/2-strength B5 medium 

supplemented with 5.0 mgL-1 IBA or IAA. 

 

5. Sterile garden soil was selected as a proper substrate for acclimatization process. 

 

6. The presence of plant growth regulators of IAA or IBA 5.0 mgL-1 gave higher 

stimulation of biosynthesis of glycyrrhizin production than control in every growth 

stages. 

 

7. The maximum content of glycyrrhizin in culture after 8 weeks was 1/2- strength B5 

medium supplemented with 5 mgL-1 IAA. In addition, IAA also gave higher 

quantity of glycyrrhizin than IBA at all the growth stages. 

 

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



REFERENCES 
 

Abe, I., Rohmer, M. and Prestwich, G.D. 1993. Enzymatic cyclization of squalene 

and oxidosqualene to sterols and triterpenes. Chemistry Review 93: 2189-2206. 

Ayabe, S., Iida, K. and Furuya, T. 1986. Induction of stress metabolites in 

immobilized Glycyrrhiza echinata cultured cells. Plant Cell Report 3: 186-189. 

Ayabe, S., Takano, H., Fujita, T., Furuya, T., Hirota, H. and Takahashi, T. 1990. 

Triterpenoid biosynthesis in tissue cultures of Glycyrrhiza glabra var. 

glandulifera. Plant Cell Report 9: 181-184. 

Baba, M., De Cleroq, S., Nakashima, H. and Yamamoto, N. 1988. Mechanism of 

inhibitory effect of glycyrrhizin on replication of human immunodeficiency 

virus (HIV). Antiviral Research 10: 289-298. 

Bennet, R.N. and Wallsgrove, R.M. 1994. Secondary metabolites in plant defense 

mechanisms. New Phytologist 127: 617–633. 

Chen, F., et al. 2004. In vitro susceptibility of 10 clinical isolates of SARS 

coronavirus to selected antiviral compounds. Virology 31(1): 69-75. 

Cherng, J.M., Lin, H.J., Hung, M.S., Lin, Y.R., Chan, M.H. and Lin, J.C. 2006. 

Inhibition of nuclear factor kappaB is associated with neuroprotective effects of 

glycyrrhizic acid on glutamate-induced excitotoxicity in primary neurons. 

European Journal Pharmacology.547: 10-21. 

Cinatl, J., Morgenstern, B., Bauer, G., Chandra, P., Rabenau, H. and Doerr, H.W. 

2003. Glycyrrhizin, an active component of liquorice roots, and replication of 

SARS-associated coronavirus. Lancet 361: 2045-2046. 

Desbene, S., Hanquet, B., Shoyama, Y., Wagner, H. and Lacaille-Dubois, M. 1999. 

Biologically active triterpene saponins from callus tissue of Polygala amarella. 

Journal of Natural Product 62: 923-926. 

Deus, N.B.S. and Zenk, M.H. 1982. Exploitation of plant cells for the production of 

alkaloids in Catharanthus roseus cell suspension cultures. Planta Medica 50: 

427–31. 

DiCosmo, F., Facchini, P.J. and Kraml, M.M. 1989. Cultured plant cells - the 

chemical factory within. Chemistry in Britain 25: 1001-1004. 

DiCosmo, F. and Towers, G.H.N. 1984. Stress and secondary metabolism in cultured 

plant cells. Phytochemistry18: 97–175. 



67 
 

Dixon, R.A. and Lamb, C.J. 1990. Regulation of secondary metabolism at the 

biochemical and genetic levels. In Secondary Products from Plant Tissue 

Culture 103-118.  

Epstein, E., Chen, K.H. and Cohen, J.D. 1989. Indentification of indole-3-butyric acid 

as an endogenous constitiuet of maize kernels and leaves. Plant Growth 

Regulation 8: 215-223. 

Fiore, C., Eisenhut, M., Krausse, R., Ragazzi, E., Pellati, D., Armanini, D. and 

Bielenberg, J. 2008. Antiviral effects of Glycyrrhiza species. Phytotherapy 

Research 22: 141-148. 

Fontanel, A. and Tabata, M. 1987. Production of secondary metabolites by plant 

tissue and cell cultures. Present aspects and prospects. Nestle Research News 

92-103. 

Fuentes, S.R.L., Calheiros, M.B.P., Manetti-Filho, J. and Vieira, L.G.E. 2000. The 

effects of silver nitrate and different carbohydrate sources on somatic 

embryogenesis in Coffea canephora. Plant Cell Tissue and Organ Culture 60: 5-

13. 

Fujisawa, Y., Sakamoto, M., Matsushita, M., Fujita, T. and Nishioka, K. 2000. 

Glycyrrhizin inhibits the lytic pathway of complement--possible mechanism of 

its anti-inflammatory effect on liver cells in viral hepatitis. Microbiology and 

Immunology 44(9): 799-804. 

Fukai, T., Marumo, A., Kaitou, K., Kanda, T., Terada, S. and Nomura, T. 2002. 

Antimicrobial activity of licorice flavonoids against methicillin-resistant 

Staphylococcus aureus. Fitoterapia 73: 536-539. 

Fukai, T., Satoh, K., Nomura, T. and Sakagami, H. 2003. Antinephritis and radical 

scavenging activity of prenylflavonoids. Fitoterapia 74: 720-724. 

Fukai, T., Sheng, C.B., Horikoshi, T. and Nomura, T. 1996. Isoprenylated flavonoids 

from underground parts of Glycyrrhiza glabra. Phytochemistry 43: 1119-1124. 

Furuhashi, I., Iwata, S., Shibata, S., Sato, T. and Inoue, H. 2005. Inhibition by 

licochalcone A, a novel flavonoid isolated from liquorice root, of IL-1β-induced 

PGE2 production in human skin fibroblasts. Journal of Pharmacy and 

Pharmacology 57: 1661-1666. 

Furuya, T., Kojima, H., Syono, K., Ishi, T., Uotani, K. and Nishio, M. 1973. Isolation 

of sapanin and sapogenins from callus tissue of Panax ginseng. Chemical & 

Pharmaceutical Bulletin 21: 98-101. 



68 
 

Gamborg, O.L., Miller, R.A. and Ojima, K. 1968. Nutrient requirements of 

suspension cultures of soybean root cells. Experimental cell Research 50: 151-

158. 

Haralampidis, K., Trojanowska, M. and Osbourn, A.E. 2002. Biosynthesis of 

triterpenoid saponins in plants. Advances in Biochemical Engineering / 

Biotechnology 75: 31-49. 

Hatano, T., Fukuda, T., Liu, Y.Z., Noro, T., Okuda, T. and Zasshi, Y. 1999. Phenolic 

constituents of licorice. IV. Correlation of phenolic constituents and licorice 

specimens from various sources, and inhibitory effects of licorice extracts on 

xanthine oxidase and monoamine oxidase. Journal of Pharmaceutical Society of 

Japan 111: 311-321. 

Hayashi, H., Fukui, H. and Tabata, M. 1988. Examination of triterpenoids produced 

by callus and cell suspension cultures of Glycyrrhiza glabra. Plant Cell Report 

7: 508-511. 

Hayashi, H., Hiraoka, N., Ikeshiro, Y. and Yamamoto, H. 1996. Organ specific 

localization of flavonoids in Glycyrrhiza glabra L. Plant Science 116: 233-238. 

Hayashi, H., et al. 2004. Differential expression of three oxidosqualene cyclase 

mRNAs in Glycyrrhiza glabra. Biological & Pharmaceutical Bulletin 27: 1086-

1092. 

Hayashi, H., Yamada, K., Fukui, H. and Tabata, M. 1992. Metabolism of exogenous 

18 beta glycyrrhetinic acid in cultured cells of Glycyrrhiza glabra. 

Phytochemistry 31: 2729-2733. 

He, J-X., Akao, T., Nishino, T. and Tan, T. 2001. The influence of commonly 

prescribed synthetic drugs for peptide ulcer on the pharmacokinetic fate of 

glycyrrhizin from Shaoyao-Gancao-tang. Biological & Pharmaceutical Bulletin 

24: 1395-1399. 

Hyndman, SE., Hasegawa, PM. and Bressan, RA. 1982. Stimulation of root initiation 

from cultured rose shoots through the use of reduced concentrations of mineral 

salts. HortScience 17: 82-83. 

Ito, M., et al. 1987. Inhibitory effect of glycyrrhizin on the in vitro infectivity and 

cytopathic activity of the human immunodeficiency virus [HIV(HTLV-

III/LAV)]. Antiviral Research 7: 127-137. 



69 
 

Ko, B.S., et al. 2007. Changes in components, glycyrrhizin and glycyrrhetinic acid, in 

raw Glycyrrhiza uralensis Fisch, modify insulin sensitizing and insulinotropic 

actions. Bioscience Biotechnology and Biochemistry 71: 1452-1461. 

Ko, KS., Noguchi, H., Ebizuka, Y. and Sankawa, U. 1989. Oligoside production by 

hair root cultures transformed by Ri plasmids. Chemical & Pharmaceutical 

Bulletin 37: 245-248. 

Kobayashi, M., Noguchi, H. and Sankawa, U. 1985. Formation of chalcones and 

isoflavones by callus culture of Glycyrrhiza uralensis with different production 

pattern. Chemical & Pharmaceutical Bulletin 33: 3811-3816. 

Kohjyouma, M., et al. 1995. In vitro Propagation from axillary buds of Glycyrrhiza 

glabra L. Plant Tissue culture Letters 12: 145-149. 

Kusakari, K., Yokoyama, M. and Inomata, S. 2000. Enhanced production of 

saikosapanins by root culture of Bupleurum falcatum L. using two step control 

of sugar concentration. Plant Cell Report 19: 1115-1120 

Li, W., Asada, Y. and Yoshikawa, T. 2000. Flavonoid constituents from. Glycyrrhiza 

glabra hairy root cultures. Phytochemistry 55: 447-456. 

Lloyd, G.B. and McCown, B.H. 1981. Commercially feasible micropropagation of 

mountainlaurel Kalmia latifolia) by use of shoot tip culture. International 

Parallel Processing Symposium 30: 421-437. 

Lou, Z.C. and Qin, B. 1995. Species systematization and quality evaluation of 

commonly used chinese traditional drugs. North-China Edition 2. 

Mantell, S.H. and Smith, H. 1984. Cultural factors that influence secondary 

metabolite accumulation in plant cell and tissue cultures. Plant biotechnology 

75-108. 

Matsubara, K., Shigekazu, K., Yoshioka, T., Morimota, T., Fujita, Y., Yamada, Y. 

1989. High density culture of Coptisjaponica cells increases berberine 

production. Z. Chem. Tech. Biotech46: 61-69. 

Matsui, S., et al. 2004. Glycyrrhizin and related compounds downregulate production 

of inflammatory chemokines IL-8 and eotaxin 1 in a human lung fibroblast cell 

line. International Immunopharmaceutical 4: 1633-1644. 

Matsumoto, T., Ikeda, T., Kanno, N., Kisaki, T. and Noguchi, M. 1980. Selection of 

high ubiquinone 10-producing strain of Tobacco cultured cells by cell cloning 

technique. Agricultural and Biological Chemistry 44: 967-969. 



70 
 

Mendes-Silva, W., Assafim, M., Ruta, B., Monteiro, R.Q., Guimaraes, J.A. and 

Zingali, R.B. 2003. Antithrombotic effect of Glycyrrhizin, a plant-derived 

thrombin inhibitor Thrombosis Research 112: 93-98. 

Mousa, NA., Siaguru, P., Wiryowidago, S. and Wagih, ME. 2007. Establishment of 

regenerative callus and cell suspension system of licorice (Glycyrrhiza glabra) 

for the production of the sweetener glycyrrhizin in vitro. Sugar Technology 9: 

72-82. 

Murashige, T. 1974. Plant propagation through tissue cultures. Annual Review of 

Plant Physiology 25: 135–165. 

Murashige, T. and Skoog, F. 1962. A revised medium for rapid growth and bioassays 

with tobacco tissue culture. Physiologia Plantarum15: 417-473. 

Nakamura, K., Akashi, T., Aoki, T., Kawaguchi, K. and Ayabe, S.I. 1999. Induction 

of isoflavonoid and retrochalcone branches of the flavonoid pathway in cultured 

Glycyrrhiza echinata cell treated with yeast extract. Bioscience Biotechnology 

and Biochemistry 63: 1618-1620. 

Nakamura, R., Kase, Y., Hashimoto, K., Sakakibara, I., Amagaya, S. and Aburada, M. 

2003. Elucidation of anti-gastric ulcer constituents of. Glycyrrhizae Radix. 

Nature Medicine 57: 172-177. 

Petersen, K.K., Hansen, J. and Krogstrup, P.1999. Significance of different carbon 

sources and sterilization methods on callus induction and plant regeneration of 

Miscanthus × ogiformis Honda Giganteus. Plant Cell Tissue and Organ Culture 

58: 189-197. 

Phatak, S.V.and Heble, M.R. 2002. Organogenesis and terpenoid synthesis in Mentha 

arvensis. Fitoterapia 73: 32-39. 

Preece, J.E. and Sutter, E.J. 1991.  Acclimatization of micropropagated plants to the 

greenhouse and field. Micropropagation, technology and application 71-93.  

Rajendran, L., Ravishankar, G.A., Venkataraman, L.V. and Prathiba, K.R. 1992. 

Anthocyanin production in callus cultures of Daucus carota L. as influenced by 

nutrient stress and osmoticum. Biotechnology Letters 14: 707–14. 

Ram, A., Mabalirajan, U., Das, M., Bhattacharya, I., Dinda, A.K., Gangal, S.V., 

Ghosh, B. 2006. Glycyrrhizin alleviates experimental allergic asthma in mice. 

International Immunopharmaceutical 6: 1468-1477. 

Ramachandra R.S., and Ravishankar, G.A. 2002. Plant cell cultures: Chemical 

factories of secondary metabolites. Biotechnology Advances 20: 101–153. 



71 
 

Raven, P.H., Evert, R.F. and Eichorn, S.E. 1999. Biology of  Plants 6th edition. (New 

York: W.H. Freeman and Company) 

Sabbioni, C., et al. 2005. Separation and analysis of glycyrrhizin, 18β-glycyrrhetic 

acid and 18α-glycyrrhetic acid in liquorice roots by means of capillary zone 

electrophoresis. Journal of Chromatography A 1081: 65-71. 

Sato, Y., He, J.X., Nagai, H., Tani, T. and Akao, T. 2007. Isoliquiritigenin, one of the 

antispasmodic principles of Glycyrrhiza ularensis roots, acts in the lower part of 

intestine. Biological & Pharmaceutical Bulletin 30: 145-149. 

Satomi, Y., Nishino, H. and Shibata, S. 2005. Glycyrrhetinic acid and related 

compounds induce G1 arrest and apoptosis in human hepatocellular carcinoma 

HepG2. Anticancer Research 25: 4043-4047. 

Shah, R.R. and Dalai, K.C. 1980. In vitro multiplication of Glycyrrhiza. Current 

Science (Bangalore)49: 69-71. 

Shams, A.M., Mohagheghzadeh, A., Ghannadi, A. and Barati, A. 2007. Formation of 

Glycyrrhizin by in vitro cultures of Glycyrrhiza glabra. Chemistry of Natural 

Compounds 43: 353-354. 

Shibata, S. and Saitoh, T. 1978. Flavonoid compounds in licorice root. Journal of 

Indian Chemistry See 55: 1184-1191. 

Shibata S. and Zasshi, Y. 2000. A drug over the millennia: pharmacognosy, 

chemistry, and pharmacology of licorice. Journal of Biological Chemistry 120: 

849-862. 

Shim, S.B., Kim, N.J. and Kim, D.H. 2000. -Glucuronidase inhibitory activity and 

hepatoprotective effect of 18β-glycyrrhetinic acid from the rhizomes of 

Glycyrrhiza uralensis. Planta Medica 66: 40-43. 

Statti, G.A., Conforti, F., Sacchetti, G., Muzzoli, M., Agrimanti, C. and Menichini, F. 

2004. Chemical and biological diversity of Bergamot (Citrus bergamia) in 

relation to environmental factors. Fitoterapia 75: 212-216. 

Syrtanova, G.A. and Mukhitdinova, Z.R. 1984. Clonal multiplication attempts of 

Glycyrrhiza glabra L. and of Glycyrrhiza uralensis on culture media. Rastitel’ 

nye Resursy 1: 85-88. 

Takahara, T., Watanabe, A. and Shiraki, K. 1994. Effects of glycyrrhizin on hepatitis 

B surface antigen. A biomedical and morphological study. Journal of 

Hepatology 21: 601-609. 



72 
 

Takahashi, D. and Fujita, Y. 1991. Cosmetic materials. In Plant Cell Culture in Japan 

72-78. 

Tamaki, E., Morishita, I., Nishida, K., Kato, K. and Matsumoto, T. 1973. Process for 

preparing licorice extract-like material for tobacco flavouring. US Patent no.3, 

710, 512. 

Tandon, A., Tandon, B.N. and Bhujwala, R.A. 2002. Clinical spectrum of acute 

sporadic hepatitis E and possible benefit of glycyrrhizin therapy. Hepatology 

Research 23: 55-61. 

Taniguchi, S., et al. 2002. Production of bioactive triterpenes by Eriobotrya japonica 

calli. Phytochemistry 59: 315-323. 

Taniguchi, S., et al. 2000. Galloylglucucoses and riccionidin A in Rhus japonica 

adventitious root cultures. Phytochemistry 53: 357-363. 

Thengane, S.R., Kulkarni, D.K. and Krishnamurthy, K.V. 1998. Micropropagation of 

Licorice (Glycyrrhiza glabra L.) through shoot tip and nodal cultures. In vitrro 

Cellular and Developmental Biology-Plant 34: 331-334. 

Tominaga, Y., Mae, T., Kitano, M., Sakamoto, Y., Ikematsu, H. and Nakagawa, K. 

2006. Licorice flavonoid oil effects body weight loss by reduction of body fat 

mass in overweight subjects. Journal of Health Science 52(6): 672-683. 

Ulbrich, B., Weisner, W. and Arens, H. 1985. Large-scale production of rosmarinic 

acid from plant cell cultures of Coleus blumei. In Primary and Secondary 

Metabolism of Plant Cell Cultures 293-303. 

Ushiyama, K. 1991. Large-scale culture of ginseng. In Plant Cell Culture in Japan 92-

98.  

Van Huylenbroeck, J.M. and Debergh, P.C. 1996. Physiological aspects in 

acclimatization of micropropagated plantlets. Plant Tissue Culture of 

Biotechnology 2: 136-141. 

Wang, Z.Y. and Nixon, D.W. 2001. Licorice and cancer, Nutrition and Cancer 39: 1-

11. 

Wongwicha, W., Tanaka, H., Shoyama, Y., Tuvshintogtokh, I. and Putalun, W. 2008. 

Production of glycyrrhizin in callus cultures of licorice. Zeitschrift Fur 

Naturforschung 63c: 413-417. 

Wu, C.H., Zabawa, E.M. and Townsley, P.M. 1974. The Single cell suspension 

culture of the licorice plant Glycyrrhiza glabra. Journal of Institute Cancer 

Science and Technology Aliment 7: 105-107. 



73 
 

Yokozawa, T., Liu, Z.W. and Chen, C.P. 2000. Protective effects of Glycyrrhizae 

radix extract and its compounds in a renal hypoxia (ischemia)-reoxygenation 

(reperfusion) model. Phytomedicine 6: 439-445. 

Yoo, SH. and Kim, SS. 1986. studies in tissue culture of medicinal plants (II). Tissue 

culture of Glycyrrhiza glabra L. var. glandufera. Reg Et Herder Kor. Journal of 

Pharmacology 7: 55-57. 

Yoon, G., Kang, B.Y. and Cheon, S.H. 2007. Topoisomerase I inhibition and 

cytotoxicity of licochalcone A and E from Glycyrrhiza inflata. Archives of 

Pharmacal Research 30: 313-316. 

Yuan, X., Koh, H.L. and Chui, W.K. 2005. A high performance liquid 

chromatography method for the simultaneous determination of arctiin, 

chlorogenic acid and glycyrrhizin in a Chinese proprietary medicine.  Journal of 

Pharmaceutical and Biomedical Analysis 39: 697–704. 

Zhang, Q. and Ye, M. 2009. Chemical analysis of the Chinese herbal medicine Gan-

Cao (licorice). Journal of Chromatography A 1216: 1954-1969. 

 



  

 

 

 

 

 

 

 

APPENDICES 

 

 

 

 

 

 

 

 

 



 
 

75

APPENDIX A 

 
Composition of plant tissue culture media 

 

1.1 Murashige and Skoog medium (1962) 

 

Macronutrients  mgL-1 

KNO3    1900 

NH4NO3   1650 

MgSO4..7H2O   370 

CaCl2.2H2O   440 

KH2PO4   170 

 

Micronutrients  mgL-1 

MnSO4.4H2O   22.3 

KI    0.83 

H3BO3    6.2 

ZnSO47H2O   8.6 

CuSO4.5H2O   0.025 

Na3MoO4.2H2O  0.25 

CoCl2.6H2O   0.025 

 

 

 

 

 

 

 

Iron    mgL-1 

FeSO4.7H2O   27.8 

Na2EDTA   37.3 

 

Organic compounds  mgL-1 

Nicotinic acid   0.5 

Pyridoxine-HCl  0.5 

Thiamine-HCl   0.1 

myo-Inositol   100 

Glysine   2.0 

 

Sucrose 30 gL-1 

pH 5.7 
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1.2 Gamborg medium (1968) 

 

Macronutrients  mgL-1 

KNO3    2500 

(NH4)2SO4   134 

MgSO4.7H2O   250 

CaCl2.2H2O   150 

NaH2PO4.H2O   150 

 

Micronutrients  mgL-1 

MnSO4.H2O   10 

KI    0.75 

H3BO3    3.0 

ZnSO47H2O   2.0 

CuSO4.5H2O    0.025 

Na3MoO4.2H2O  0.25 

CoCl2.6H2O   0.025 

 

 

 

 

 

 

 

 

 

 

 

 

 

Iron    mgL-1 

Feso4.7H2O   27.8 

Na2EDTA   37.3 

 

Organic compounds  mgL-1 

Nicotinic acid   1.0 

Pyridoxine-HCl  1.0 

Thiamine-HCl   1.0 

myo-Inositol   10 

 

Sucrose 30 gL-1 

pH 5.7 
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1.3 Woody Plant Medium 

 

Macronutrients  mgL-1 

NH4NO3   400 

MgSO4..7H2O   370 

CaCl2.2H2O   96 

KH2PO4   170 

Ca(NO3)2.4H2O  556 

 

Micronutrients  mgL-1 

MnSO4.H2O   29.4 

H3BO3    6.2 

ZnSO47H2O   8.6 

CuSO4.5H2O    0.25 

Na3MoO4.2H2O  0.25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Iron    mgL-1 

Feso4.7H2O   27.8 

Na2EDTA   37.3 

 

Organic compounds  mgL-1 

Nicotinic acid   0.5 

Pyridoxine-HCl  0.5 

Thiamine-HCl   0.1 

myo-Inositol   100 

Glycine   2.0 

Sucrose 30 gL-1 

pH 5.7 
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APPENDIX B 

 

Preparation of stock solution of media 
 

2.1 Preparation of stock solution of MS media 
 
Stock I 
 

Macronutrients mgL-1 10X(gL-1) 20X(g/200ml) 
KNO3 1900 19 7.6 

NH4NO3 1650 16.5 6.6 
(NH4)2SO4 - - - 

MgSO4.7H2O 370 3.7 1.48 
CaCl2.2H2O 440 4.4 1.76 

KH2PO4 170 1.7 0.68 
NaH2PO4.H2O - - - 

 
Stock II 
 

Micronutrients mgL-1 100X(gL-1) 100X(g/200ml) 
MnSO4.H2O - - - 
MnSO44H2O 22.3 2.23 0.446 

KI 0.83 0.083 0.0166 
H3BO3 6.2 0.62 0.124 

ZnSO47H2O 8.6 0.86 0.172 
CuSO4.5H2O 0.025 0.0025 0.0005 

Na3MoO4.2H2O 0.25 0.025 0.005 
CoCl2.6H2O 0.025 0.0025 0.0005 

 
Stock III 
 

Iron mgL-1 100X(gL-1) 100X(g/200ml) 
FeSO4.7H2O 27.8 2.78 0.556 

Na2EDTA 37.3 3.73 0.746 
 
Stock VI 
 

Organic 
compounds 

mgL-1 100X(gL-1) 100X(g/200ml) 

Nicotinic acid 0.5 0.05 0.01 
Pyridoxine-HCl 0.5 0.05 0.01 
Thiamine-HCl 0.1 0.01 0.002 
myo-Inositol 100 10 2 

Glycine 2.0 0.2 0.04 
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2.2 Prepatation of stock solution of B5 media 
 
Stock I 
 

Macronutrients mgL-1 10X(gL-1) 20X(g/200ml) 
KNO3 2500 25 10  

NH4NO3 - - - 
(NH4)2SO4 134 1.34 0.536 

MgSO4.7H2O 250 2.5 1 
CaCl2.2H2O 150 1.5 0.6 

KH2PO4 - - - 
NaH2PO4.H2O 150 1.5 0.6 

 
Stock II 
 

Micronutrients mgL-1 100X(gL-1) 100X(g/200ml) 
MnSO4.H2O 10 1 0.2 
MnSO44H2O - - - 

KI 0.75 0.075 0.015 
H3BO3 3.0 0.3 0.06 

ZnSO47H2O 2.0 0.2 0.04 
CuSO4.5H2O 0.025 0.0025 0.0005 

Na3MoO4.2H2O 0.25 0.025 0.005 
CoCl2.6H2O 0.025 0.0025 0.0005 

 
Stock III 
 

Iron mgL-1 100X(gL-1) 100X(g/200ml) 
FeSO4.7H2O 27.8 2.78 0.556 

Na2EDTA 37.3 3.73 0.746 
 
Stock VI 
 

Organic 
compounds 

mgL-1 100X(gL-1) 100X(g/200ml) 

Nicotinic acid 1.0 0.1 0.02 
Pyridoxine-HCl 1.0 0.1 0.02 
Thiamine-HCl 10.0 1 0.2 
myo-Inositol 100 10 2 

Glycine - - - 
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2.3 Preparation of stock solution of WPM  
 
Stock I 
 

Macronutrients mgL-1 10X(gL-1) 20X(g/200ml) 
KNO3 - - - 

NH4NO3 400 4 1.6 g/200ml 
Ca(NO3)2.4H2O 556 5.56 2.224 
MgSO4.7H2O 370 3.7 1.48 
CaCl2.2H2O 96 0.96 0.384 

KH2PO4 170 1.7 0.68 
NaH2PO4.H2O 150 1.5 0.6 

 
Stock II 
 

Micronutrients mgL-1 100X(gL-1) 100X(g/200ml) 
MnSO4.H2O 29.4 2.94 0.588 
MnSO44H2O - - - 

KI - - - 
H3BO3 6.2 0.62 0.124 

ZnSO47H2O 8.6 0.86 0.172 
CuSO4.5H2O 0.25 0.025 0.005 

Na3MoO4.2H2O 0.25 0.025 0.005 
CoCl2.6H2O - - - 

 
Stock III 
 

Iron mgL-1 100X(gL-1) 100X(g/200ml) 
FeSO4.7H2O 27.8 2.78 0.556 

Na2EDTA 37.3 3.73 0.746 
 
Stock VI 
 

Organic 
compounds 

mgL-1 100X(gL-1) 100X(g/200ml) 

Nicotinic acid 0.5 0.05 0.01 
Pyridoxine-HCl 0.5 0.05 0.01 
Thiamine-HCl 0.1 0.01 0.002 
myo-Inositol 100 10 2 

Glycine 2.0 0.2 0.04 
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APPENDIX C 

 
Preparation of stock solution (1000 ppm or 1000 mgL-1) of cytokinins and auxins. 
 
  Cytokinins                                                      mg/200ml. 

  BA                                                                        40 

  Kinetin                                                                  40 

  TDZ                                                                      40 

 

  Auxins 

  IAA                                                                       40 

  IBA                                                                       40 

  NAA                                                                     40 
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APPENDIX D 

 
Medium preparation 

 

 Mineral salts and vitamin mixtures may be prepared as stock solutions ranging 

from 10-1000 times the final concentrations. Stock solutions may be prepared as four 

solutions that contain all macronutrients, micronutrients, iron and organic compounds. 

The culture media contained 3.0% (w/v) sucrose as a carbon source. The pH of 

medium was adjusted to 5.7 using 1N NaOH and 1N HCl before gelling with agar 

(0.7% w/v) and 15 ml of medium were dispensed in 4 oz. bottles and autoclaved at 

1.5 atm of pressure, 121°C for 15 min. 
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APPENDIX E 

 

Figure E1 HPLC chromatograms of standard glycyrrhizin 2.5 ppm 

 

Figure E2 HPLC chromatograms of standard glycyrrhizin 5 ppm. 
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Figure E3 HPLC chromatograms of standard glycyrrhizin 12.5 ppm. 

 

Figure E4 HPLC chromatograms of standard glycyrrhizin 25 ppm. 
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Figure E5 HPLC chromatograms of standard glycyrrhizin 50 ppm. 

 

Figure E6 HPLC chromatograms of standard glycyrrhizin 100 ppm. 
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Figure E7 HPLC chromatograms of standard glycyrrhizin 200 ppm. 

 

Figure E8 HPLC chromatograms of standard glycyrrhizin 400 ppm. 
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Figure E9 Standard calibration curve of glycyrrhizin. 
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APPENDIX F 

 

 

 

Figure F10 HPLC chromatograms of in vitro root of licorice cultured on 1/2B5+IBA 

5 mgL-1 after 10 weeks (A); Spike chromatogram of 1/2B5+IBA 5 mgL-1 

in standard glycyrrhizin 500 ppm mixture (B). 
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