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Abstract: Following the Chernobyl explosion, screening for new drugs with the 
radioprotector activity has been initiated in Ukraine.   European licorice   (Glycyrrhiza 
glabra L.,) is a pharmacologically important genus which is rich in flavonoids and saponins, 
especially in the roots.  In order to increase the biotechnological potential for secondary 
metabolites  production in G. glabra L., the cultural conditions were established that are 
required for the efficient initiation of a suspension culture from callus material. 
Electroporation was used to evaluate the parameters of the root specific promoter 
(pDNt23) in transformed cells. These obtained cell lines have been additionly inoculated 
by Agrobacterim rhizogenes (15834). The total, the level of secondary metabolites of 
double transformed cells was 2-fold higher than in non transformed cells. Therefore, the 
present study has shown that  flavonoids isolated from transformed G.glabra cells were 
with aldose reductase inhibitory activities and have been tested on the rat lens. 
The intact cells of  Potentilla alba L., have been inoculated by Agrobacterium.rhizogenes 
too, or obtaine hairy roots as are producent of terpens. These compounds have shown 
inhibitory effect on the thyroxine levels on thyroid glands on the white rats. 
These  results suggest that obtained metabolites from transformed pharmaceutical plants, 
can possible to use as a radioprotective compounds after γ-irradiation. 
 
Keywords: Glycyrrhiza glabra;Potentilla alba; foreign DNA; electroporation; hairy roots; 
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INTRODUCTION 
 

Plant tissue cultures are at present attracting worldwide attention, because plant 
cells are able to synthesize specific compounds, especially various secondary metabolites 
useful as medicines and food additives. Cultured plant cells can grow far more rapidly than 
the original plants, this means than increased productivity is expectable. Productivity may 
also enhanced by optimizing cultivation conditions, cell selection and genetic 
transformation    (Stafford et al.,1986 [1];   Toivonen et al.,1995 [2]; Dixon and Steele, 
1999 [3]). 

Plant roots contain various useful materials, such as pharmaceuticals and 
pigments, and the effective utilization of such materials has received much attention 
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(Doran ,1997 [4];Canto-Canche and Loyla-Vargas,1999 [5]). Originally roots of Glycyrrhiza 
glabra - contain of 6-12% glycyrrhizin Ca2+ and K+ salts, glycyrrhetic acid which as 
derivated of saponins. The roots of European licorice (Glycyrrhiza glabra L., Leguminosae) 
and other members of this pharmacologically important genus are rich in isoflavonoid 
constituents, and contain glycyrrhizin, an olcane type triterpene glucuronide, which is used 
as a natural sweetener as well as an antimflammatory drug lor hepatitis, allergy   and   
radioprotecteur    (in the combination with methyluracil) (Tolstikow et al.,1991 [6]). 

Flavonoids complexs are known to be the major components with high biological 
activity for diseases such as inflammation (Amagaya et al.,1984 [7]; Li et al.,1998 
[8];Christie et all., 2001 [9]), pyrexia, and the use of oral hypoglycemic drugs (Aida et 
al.,1989 [10]; Logemanna and Lauria., 1960 [11]).   

First time, licorice root (Glycyrrhiza glabra L.) have been used very intensively as a 
flavoring in the food industries. The diversity of secondary metabolites found in roots 
shows the immense biochemical potential contained in the organ. Our understanding of 
the biosynthetic pathways and biological functions of root secondary metabolites are still in 
the search. For example, in callus mass of licorice was detected β-amyrin, a possible 
biosynthetic precursor of glycyrrhizin, a lupane - type triterpen (Ayabe et al.,1986 [12]; 
Kovalenko and Maluta,2002 [13]). 

However, the root culture is not suitable for large-scale production of secondary 
metabolites because of their relatively slow growth in vitro. Licorice (Glycyrrhiza species) 
are very popular medical plants in the world. In particular, the dry roots of these plants 
have been used as a source of crude drugs in China, Korea and Japan. Licorice is also a 
fundamental component of a number of traditional prescriptions of medicine "KAMPO".   

Although after Chernobyl atomic explosion in Ukraine, have been encreased 
chronic diseases as peripheral neuropathy, retinopathy, cataract,  diabetics and other 
diseases. Recently, the increased activity of the polyol pathway, which results in the 
accumulation of sorbitol from glucose by an enzyme aldose reductase (RLAR), has been 
implicated in the pathogenesis of these complications. 

For this purpose, flavonoids compounds which have been isolated isolated from 
Glycyrrhiza sp.,  cells  have  potent   aldose    reductase inhibitory activity (Aida et al., 
1989 [10]). 

The genetic engineering of licorice will be very important to improve the quality of 
this plant in the future and intact plant cell culture technique often provides an alternative 
means for scale production of high-value plant secondary metabolites from the 
transformed cell lines . 

The intact licorice roots culture as a useful pharmaceutical material. Flavonoids 
which containing in licorice roots have isolated as cytotoxic antitumor agent's (Paolini et 
al.,1999 [14]). 

For example, flavone-8-acetic acid is a synthetic derivate of the basic flavonoid 
skeleton with a unique form of preclinical antitumor activity, but the general its mechanism 
of action is stilll not known (Wang and Lee,1997 [15]).  

Second plant species as Potentila alba L.(Rosaceae)-white cinquefoil-containing to 
30% of tanines, glycosides, and have as a cytostatic effect. Quite important what, P.alba 
roots using in  Ukrainian folk medicine for the reduced thyroxine level in blood plasma. And  
it is an important agents against thyroid gland diseases with the mechanism of action as 
stimulate by thyrotropin secretion of hormones and reccomended as a radioprotective 
remedy  after Chernobyl atomic explosion (Zakharia and Kovalishin,1996 [16]). 

 Recently, the transformed cells and plant hairy roots have become of interest 
because of their indefinite and active proliferation in phytohormone-free medium and 
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capacity to produce valuable materials synthesized and accumulated at comparable level 
to the original plant roots (Loyla-Vargas and Miranda-Ham,1995 [17]). 

The hairy root affecting a wide range of dicotyledonous species is caused by soil 
bacterium, Agrobacterium rhizogenes. The induction mechanism of hairy roots and 
expression of the diseased phenotype were studied by many investigators  (Doran,1997 
[4];  Li et al.,1998 [8]). 

One of the possible approaches to manipulate the secondary metabolism of the 
intact suspension cells is the direct useful gene transfer to isolate cells by electroporation 
(Gallois et al.,1995 [18]). Recent advances in tissue culture and recombinant DNA 
technology have made it possible to transform some important pharmaceutical plant 
species. The transient expression of the reporter genes chloramphenicol acetyltransferase 
(CAT) under the control of cauliflower mosaic virus promoter, have been demonstrated to 
be a powerful tool to study the introduction of foreign DNA into plant protoplasts 
(Kovalenko PG et al.,1997 [19,20]; Zhou H et al.,1993 [21]; Rathus and Birch,1992 [22]). 

The genetic manipulation with licorice intact cells depends significantly on the 
current success in cell isolation procedure. A range of marker genes, most commonly 
under the control of regulators elements such as the organ-specific pDNt23 and 35S 
promoters have great interest for the improve of the cell lines. However, up now there is 
limited information on the relationship between electroporation conditions and CAT 
expression in licorice protoplasts cells. Our results have shown further by use of both a 
rectangular pulse generating-system and of the more commonly used capacitor discharge 
system, which deliver pulses of exponentially decaying voltages. 

The aim of this work was to characterize factors influencing the expression of 
introduced genes to Glycyrrhiza glabra L., and Potentilla alba L., suspension  cells, and we 
describe the effects of bioactive compounds on aldose reductase activities and on the 
thyroxine levels in experimental rats.  

 
MATERIALS AND METODS 
 
Plant material and cell culture 
 
The stolon and root of licorice, Glycyrrhiza.glabra L, were established for the callus culture 
initiated with the subsequently initiation of the cell suspension growth. The field plants of 
Glycyrrhiza glabra L., for in vitro manipulation have been obtained from Crimea Botanic 
Garden (Ukraine). 
     The callus initiated was detected in modified MS (Murashige and Skoog, 1962 [23]) 
medium with addition of phytohormones: 0.2 mg/l - 1.0 mg/l BA (benzyladenine, Sigma 
Chemical Co), 0.5 mg/l - 5.0 mg/l NAA (naphthalen acetic acid, Sigma Chemical Co), agar 
(Difco,USA) 0.9%.  
    Approximately 67% of the explants, used in this work, initiated callus growth within 3 
weeks. Growth of callus was slightly better at pH 5.7- 6.0. A well-growing callus cell line 
was used for further experiments in modified liquid MS medium with addition of: 0.2 mg/l -
2.0mg/l BA, 0.2mg/l -2.0mg/l NAA, and in this medium, it readily produced cell suspension 
consisting of clumps of 10 - 30 mostly spherical cells. 

Primary calli from Potentilla alba L., were initiated from the young roots,  which have 
been obtained from Lviv Forest Academy (Ukraine), and  the sterilized roots were induced 
at 260C under fluorescent light of modified MS medium with addition of 1.0 mg/l - 2.4D- 
(dichlorophcnoxyacetic  acid), adenine-3 mg/l, kinetin-1mg/l, sucrose-3%,and agar-0.8%. 
The freshly initiated callus was placed on the liquid medium for cell suspension initiation. 
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These cultures were agitated on a reciprocal shaker (110 strokes/min) in the dark at 
250C, and subculture at intervals of 24 days. The 3 months old actively growing cell 
suspension cultures were treated with the enzyme mixture for suspension protoplasts 
isolation. Evaluation of range of enzyme formulation showed that almost all cells could be 
converted to viable protoplasts in 9 h with the combination of, 0,5% cellulase R-10" 
Onozuka " (Yakult Honsha Co, Japan), 0.5% macerozyme R-10 (Sigma Chemical Co, 
USA), and 0.3% dricelase (Sigma Chemical Co,USA) in osmotic ( 0.6 M mannitol, and MS 
salts). After purification on  a sucrose-mannitol gradient, the protoplasts were resuspended 
in culture medium. Protoplasts density was determined by counting a known volume of 
culture on a  haemocytometer slide and its viability was measured by the exclusion of 
phenosafranine (Aldrich, USA) according by (Widholm,1972 [24]) . Yields were typically 
0.7-1.0 x 106 protoplasts per g of fresh weight with viabilities of  70-80%. Electroporated, 
and non-electroporated protoplasts were cultured  in  modified  liquid  MS  medium with  
addition of 0.2- 0,5 mg/l BA, 0,05 mg/l-kinetine, and 0,02-0,5 mg/l-NAA, have been used in 
modified MS medium for the Glycyrrhiza glabra L.,cells proliferation, and in the next step 
the transformed cells have been trasfered on the fresh medium with the following growth 
regulators: 0.5-1,0mg/l NAA, 0.05mg/l -2.4D.  

 For the  transformed Potentilla alba L.,  cells growth have been used modified MS 
medium with addition of 0,05 mg/l-kinetine, 0,02-0,5 mg/l-NAA. For the subsequently cells 
proliferation process  have been used the same modified MS medium.  

 
Electroporation 
 
For the electroporation of licorice suspension protoplasts, we have studied the following 
conditions: capacitor discharge system (capacitance from 50µF to 200µF), and time 
constant 80 mS. Protoplasts were electroporated at a density from 4x105 to 106 cells /ml in 
a pulse medium 20 mM  KCI, 6mM MgCI2- 0,6 M sorbitol, pH 6,0. Pulses from 
electroporator were delivered in to 340µl of protoplasts suspension  in  a  cylindrical 
electrodes chamber (temperature 4oC, resistance 1,7 kΩ with stainless steel electrodes 1 
cm apart (home - made electroporator Invitrogen 4 mod). 

For optimization of electroporation process, the protoplasts were subjected to three 
electrical pulses (RC pulse duration 80 mS) of field strength 0-350 V/cm,  with 30 s interval 
between the pulses. After electroporation the protoplasts samples were kept on ice for 8 
min before dilution and culture. The  electrode chamber were sterilized with absolute 
ethanol. 
 
Plasmid construction 
 
The pDNt23-35SCaMV-nos 3' gene construction (Domansky et al., 1989 [25]), was 
prepared for direct gene transfer in licorice protoplasts by electroporation.  Electroporation 
was performed using linear and supercoiled forms DNA. All plasmids were maintained in 
E. coli and prepared by CsCI gradient centrifugation. Both, linearized and supercoiled 
forms of plasmids were used in experiments. The carrier (calf thymus DNA Sigma USA) 
DNA was added at various concentrations: 0, 20, 50, or 150g/ml. DNA concentrations 
were determined by adsorption measurement  at  250 nm (Carl Zeiss, Germany) and by 
gel electrophoresis. Plasmid was sterilized  by ethanol precipitation and dissolved in the 
pulse medium  
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Protoplsts viability and CAT assay 
 
After 48 h culture the number of surviving protoplasts were counted in ten random fields 
using a LOMO (RU) microscope. Dead protoplasts were clearly distinguishable and 
appeared condensed and crenated. Viability was also  confirmed by staining with 
fluorescein diacetate. CAT activity was determined essentially as described by (Gorman et 
al.,1982 [26]). The extracts were centrifugated at high speed for 5 min  and  the 
supernatant decanted for CAT assay. Briefly, protoplasts 3x105 were collected by 
centrifugation and the pellets resuspended in 500 µl of buffer (0.225 M  Tricine, pH 7.8, 5 
mM phenylmethyl sulphonyl fluoride and 5mM EDTA). The extracts were clarified by 
centrifugation for 10 mm, and the supernatant was then transferred to a fresh tube and 
heated 10 min at 650C. Acetyl CoA (final concentration 1 mM) and 14C-chloramphenicol 
0.2µCi (60 mCi.mmol-1), were added and the reaction was allowed to proceed for 1 hour at 
room temperature before being terminated by the addition of 10 volumes of ethyl acetate. 
As a control 0.5 unit of commercial CAT (Sigma Chemical Co, USA) was used. After 
washing and clarification by centrifugation than its was dried and redissolved in 30 µl of 
ethyl acetate and submitted to ascending chromatography in chloroform/methanol (95:5 
v/v) on silica gel plates. Separated spots of 14C chloramphenicol and its acetylated forms 
were visualized by autoradiography on TASMA (Ru) films for 7 days and 14C-acetylated  
chloramphenicol spots were identificated. Results are expressed as % conversion of 
chloramphenicol to the acetylated forms. Calibration  experiments with commercial CAT 
enzyme showed that there was a linear relationship between the number of enzyme units 
used up to 1 unit and the % conversion showed under the  conditions used (1 unit gave 
93% conversion), and all results obtained were  within this range. Activity in "negative 
controls" was determined either after incubation of protoplasts in plasmid and carrier DNA 
without electroporation, or after electroporation in the presence of carrier, but not plasmid 
DNA, as described by (Jones et al.,. 1991 [27]). 
 
Obtaining hairy roots culture from G.glabra and P.alba. transformed cells 
 
For the obtaining of transformed roots culture of G.glabra and P.alba have been used by 
strain  Agrobacterium rhizogenes 15834, which have been obtained from 
(IBG,Berlin,Germany). 

The Agrobacterium rhizogenes were grown on solidified yeast mannitol broth 
medium and subcultured every month. 

Hairy roots were induced by direct infection of sterile cell clusters, which have been 
obtained after suspension cells electroporateds by plasmid as pDNt23-35SCaMV-nos3'.. 
Approximatelly, 4 weeks after infection, the hairy roots have been initiated from callus.  
Then, the initiated  hairy roots,  have been transferred onto modified MS liquid medium 
(free hormone) with addition of 0.25g/l Cefotaxime and 1g/l ampicillin (Sigma Chemical Co, 
USA). After 4 weeks culture, hairy roots were transferred and cultured on modified MS 
medium with 0.2% of Phytagel (Sigma Chemical Co,USA). To prove transformation, the 
opines were extracted and identified by paper electrophoresis according classic 
methodics. The levels of  the total metabolites as a  flavonoids and terpens, which have 
been obtained from transformed and non-transformed cells have summarrized on tables 4 
and 5. Bioextracts, which have been obtained  from these  transformed roots,  used for 
futher  screening tests on the experimental animals test system. 
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Analytical methods 
 
 The intact roots of G.glabra and P.alba has been treated by exzimatic coctails (%): 
Pectinase (Sigma Chemical Co)-0.5%, Cellulase (Sigma Chemical Co)-1%. After washing 
the roots tissues have been treated by boiled water extraction (400g) and were applied to 
a Sephadex LH-20 column and eluted successively with H2O-methanol (1:1), and finally 
acetone-H2O (1:1). Each eluate, except for that eluted with H2O-methanol, was 
evaporated, and then centrifuged and supernatant was evaporated. The fractions were 
collected and retreated with Sephadex LH-20, MCI gel CHP20P, and so on using a variety 
of solvent systems, and so far send its on screening tests. Effects of these compounds on 
rat  lens   aldose   reductase (RLAR)   were measured as described by  (Aida K., et al. 
1989 [10]). 

Concentration of  total flavonoids were determined by using HPLC ("Pharmacia") 
and using detector, 270 nm, equipped with a stainless steel column. The mobile phase 
was composed 145 ml of tetrahydrofuran, 125 ml of dioxan, 50ml of MeOH, 20ml AcOH, 2 
ml of 5% H3PO4, and deionized water to 1 liter, and flow rate was 1 ml/min. Flavonoids 
was separated andat the retention of 9 min. All experiments were triplicated and averaged. 
 For the total terpens analysysis in Potentilla alba  L., cells, have been used a callus and 
intact roots  which were air -dried, and lyophylized before extraction. These materials were 
extracted with hot CCI4 (20ml/g tissue), and the constituents were initially determined by 
silica-gel TLC (Kiesel gel 60 F254; solvent, toluene/EtOAc=4/1) together with standard 
samples. preparative TLC, and aliquots were applied to HPLC (column, Shimpack CLC-
ODS, 0.15m x 6 mm, (Shimadzu, Japan);  detection, UV 205 nm.  
 
Experimental animals. 
 
Male Wistar rats weighing 150-200 g were used. Its were housed in plastic cages in an air-
conditioned room at 240C, fed and water a standard laboratory diet. 
The rats have been irradiated via γ-ray raddiation source pressure in dose as 9,5 Gy (γ-
Ray apparatus model RUM-17, Ru). After irradiation procedures, the first post treatment  
experimental animals group have received water and fed obtained from Chernobyl  zone, 
and which were mixed with metabolites as a total flavonoids compound, and a second 
experimental group of rats, have obtained a same diet but mixed with obtained triterpens. 
The control animal group was obtained same water and fed but without these metabolites. 
Obtained metabolites from G.glabra and P.alba transformed cells, were dissolved in 
distilled water and absorbed to solid food and water to give the doses of flavonoids as  80 
mg/kg/day , and terpens on dose as 50 mg/kg/day. 
One month after the post irradiation procedures, have been tested a biological effect of the 
influence of secondary metabolites compounds on aldose reductase activity (RLAR) in rat 
lens and on the thyroxine levels on experimental animal group which obtained with nutrient 
compounds isolated   terpens.    
 
 
Results and Discussion. 
 
Electroporation has been used successfully for a number of years for  protoplasts 
transformation and has resulted in the development of two electroporation systems based 
either on low voltage/long pulses or on high voltage/short pulses (Jones H et al.,1989 [27]; 
Laursen et al.,1994 [28]). 
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We have used of square wave pulse generators and capacitor discharge systems, 
which deliver exponentially decaying voltage pulses. Typical values for suspension plant 
protoplasts are, for the low-voltage/ long pulse method, 200-450 V/cm and 10-90 ms 
(exponential decay). This method has resulted in stable transformed cell lines and viability 
of cells after electroporation (Kovalenko PG et all.1997 [16-17]). The optimal voltage and 
time constant depends on the protoplasts diameter and physical parameters of 
electroporation, such as plasmid concentration and forms, cells density and physiological 
properties of the isolated protoplasts. 

Electroporation therefore requires a balance between conditions that increase 
membrane permeability and conditions which result in membrane breakdown  and  loss of 
protoplasts viability. The mechanisms of the electrically induced  permeability, change in 
membranes, the lipid bilayer configuration and the penetration of cell surface adsorbed 
plasmid DNA into the cell interior are not well known yet. For sure, the presence of an 
external electric field favors charge and dipole configurations which have a larger overall 
polarization in the field direction. This, in turn, may lead to a thinning of membrane 
patches, to hole formation, and finally at more high electric field strengths, to membrane 
dielectric breakdown .  

Initial experiments were focused on determining the suspension cell lines  and 
voltage for transient CAT gene expression. CAT activity was correspondingly reduced, 
indicating that a balance is required between conditions favoring membrane 
permeabilization and conditions leading to irreversible membrane breakdown . Although 
(Fromm et al.,1986 [29]) , using a capacitor discharge system, found that CAT activity in 
carrot protoplasts, and their survival after electroporation, may be influenced 
independently by the salts composition in the electroporation buffer. 

The mean cell size of licorice suspension protoplasts used in the experiments was 
29-36µM, and isolated from exponentially dividing suspension cells (3-4 days of culture). 
This population of suspension cells would obviously contain   the largest proportion of 
mitotic cells and freshly isolated protoplasts appeared to be the most appropriate for 
electroporation. The older (5-7 days) licorice suspension cells were not dividing 
synchronously therefore their  use  for electroporation is not adequate. It has been shown 
previously that suspension culture protoplasts were permeabilised at a range of voltages, 
and it was suggested that this was due to the heterogeneity in cell size in the population: 
The voltage required for membrane breakdown depends on cell size, such that at lower 
field strengths larger protoplasts would be permeabilized, while at higher field strengths 
the smaller suspension cells. Viabilities of electroporated and non-electroporated  
suspension protoplasts were: at 250 V/cm 38.5 ± 1.3%; 350 V/cm: 27.2 ±/- 3.3%; controls: 
64 ± 1.2%. For the better viability of electroporated suspension protoplasts, we have 
added to cultured modified MS medium, some effective natural plant growth regulators as 
“Emystym” (obtained from endophyte mycorrhiza fungies from Panax  ginseng 
(Thimiryazev Academy, Ru) at concentration of 0,002mg/l. Maximum effect of field 
strength on expression of pDNt23-35SCaMV-nos was observed within 50 h after 
electroporation. 

The optimum field strength was: 300 V/cm with 30s intervals between 3 pulses (RC 
pulse duration = 80 ms), and capacitance 95µF. A plasmid DNA concentration of 100µg/ml 
was sufficient for routine measurement of CAT activity. The effect of field strength in CAT 
expression in licorice protoplasts with linearized and supercoiled DNA forms, is illustated in 
Table 1. 

The concentration of the pDNt-35Scat-nos plasmid used during electroporation was 
an important factor influencing transient CAT activity in licorice suspension protoplasts. 
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The addition of 0,20,50 or 150 µg/ml carrier DNA to licorice protoplasts (in the presence of 
0, 50 or 100µg/ml plasmid DNA) did not result in any increased CAT expression (Table 2). 

From the results presented in this paper, it is apparent that the transient expression 
of CAT in licorice suspension protopalasts on two categories of parameters 1, the more 
readily  definable Physical  parameters: protoplasts density and electroporation conditions; 
the using of a rectangular pulse generating system is thus not only ven simple and very 
efficient method to choose the determined for the CAT activity at the physiological low 
dosage level, and 2, the previously poorly  considered physiological characteristics of the 
intact licorice protoplasts. 

Thus, the licorice suspension protoplasts contained any large starch granules and 
the suspension cells were highly cytoplasmic. The extractable activity in licorice 
suspension protoplasts was greatest, under the conditions tested, when relatively optimum 
as low field strengths and long pulse duration were applied. It may be that such a 
combination of electrical parameters induces more pores in the plasma membrane, 
allowing more DNA to be taken up to nucleus, or perhaps a longer pulse duration 
facilitates the electrophoretic movement of plasmid  DNA molecules into the nucleus. 

The levels of transient expression (% conversion of chloramphenicol to its 
acetylated products) were very similar to results for suspension of many plant species. The 
pulse generator used rectactangular pulses, the duration of which was under precise 
control. 

These results showed that the highest CAT activity per 104surviving suspension 
protoplasts was obtained at 350 V/cm and when the linearized plasmid in concentration 
100 µg/1 was used (mean of 72 cpCM). Similarily, using linearized  plasmid DNA 
compared with supercoiled DNA resulted in higher levels of transient expression. In 
several species, linear DNA has been found to be better  than  circular for plasmid uptake 
and integration leading to the increased gene  expression and the results obtained with 
various important plant species . 

The success of the increased permeability of cell wall to DNA molecules depended 
from the treatment of licorice suspension culture cells with a pectolytic enzyme as 
macerozyme 0.5% (w/v). Furthermore, expression could be enhanced by pectolytic 
enzyme treatment. The evidence suggests that this effect may be due, in part, to the 
breakdown of cell clumps into smaller aggregates, in which a larger proportion of the cells 
may be permeabilized, and presumably also to a removal of pectin from wall itself. The 
cold pretreatment of suspension protoplast and cell lines to play the important role for the 
achieved the highest degree of electroporation efficiency and had an increased protoplasts 
viability after electroporation. 

Presented  results support the view that electroporation of the important 
pharmaceutical species, can be defined as the transfer of foreign genes isolated from 
plants into a new genetic background. Further investigation is needed to determine the 
factors which cause enhanced of  intracellular stored secondary metabolites products, and 
especially, the influence of increase glycyrrhizin in vitro culture, too. 

Experiments are now aimed at obtaining stable transformation cell lines with 
encreased mebabolites production. 
Subsequently cell proliferation in licorice protoplasts and selection of the transformed 
superproductive cell strains. 

These results showed that both standards (cell culture and electroporation 
conditions) are important for transformation rates of licorice species. 

The more high level of total flavonoids in hairy roots culture of G.glabra in the 
comparison with the dedifferentiated plant cells, depend from  heterogeneous  in genetic 
composition, and which often lower than in donor plants. And for this purpose, need to 
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develop high yield-cell lines and to design the optimal culture conditions to improve the 
productivity. A correlation of morphological differentiation and biosynthesis/ accumulation 
of  secondary  metabolites  is  often encounter in production of phytochemicals by plant 
cells, and usually interpreted as a result of organ-specific (root-specific expression in our 
experiments) of biosynthetic genes. 

The infection of G.glabra and P.alba cells with A.rhizogenes  strain 15834 resulted 
in proliferation of hairy roots at the infection sites is about 7-9 weeks, the infection rates 
being 30% respectively. 

In Ri-transformed cell lines of G.glabra to increase such flavonoid levels as: 
liquiritin, naringenin, luciraside, (non publishing results), and what to call the more high 
level of RLAR inhibition. 

In summary, the results presented in this paper demonstrate the first example of 
direct gene transfer in suspension protoplasts of licorice cells, as well as of the 
electroporation conditions, for successful transient gene expression. 
 
 
Table 1. Transient CAT activity in licorice suspension protoplasts electroporated with 
pDNt23-35S-nos at various forms 
 
      

DNA 
forms 

Plasmids 
µg/ml 

Repeat 
 

Protoplastsa 
cells/ml (x 10 4) 

 

CpCMb 
per (x 10 4) 

 

cpCMc 
total 

 
lin.  
lin. 
sup. 
sup.  
 

50 
100 
50 

100 

3 
3 
3 
3 

37 
44 
35 
39 
 

0.830 
1.950 
0.027 
0.850 

29.0 
72.0 
0.6 
31.0 

Linearized - lin; supercoiled- sup; a- of surviving protoplasts, viabilities of non 
electroporated controls were 62.8% ±17.6%; b-this is the cpm chloramphemcol (CM) at 60 
mmol/l; c-The cpm acetylated/cpm total CM x 100. CAT enzyme control gave 92.6% ± 
6.4% CM, per 104 surviving licorice cells. Non electroporated control was:= 0.003%, per 
104 surviving licorice 
cells. 
 
Table 2. Effect of carrier DNA on CAT activity in licorice suspension protoplasts 
 

 
Carrier DNA 

(µg/ml) 

* 
Plasmid 
(µg/ml) 

a 
% cp CM 

total 
0 

20 
50 
0 

20 
50 
20 
50 
100 
150 

0 
0 
0 

100 
100 
100 
50 
50 
50 
100 

0.3 
0.3 

0.26 
67 
62 
73 
26 
23 
28 
64 
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* - plasmid pDNt23-35S-cat; 
a - the  - cpm acetylated/cpm  total CM x 100(per 104protoplasts). Voltage was 350 V/cm 
(95µF). 
 
Table 3. Transient CAT activity in P.alba suspension protoplasts electroporated with 
pDNt23-35S-nos at various forms 
 

DNA 
forms 

Plasmids 
µg/ml 

Repeat 
 

Protoplasts 
cells/ml (x 10 4) 

 

cpCM 
per (x 10 4) 

 

cpCM 
total 

 
lin.  
lin.  
sup. 
sup.  
 

50 
100 
50 

100 

3 
3 
3 
3 

28 
39 
29 
34 
 

0.760 
0.860 
0.031 
0.760 

23.0 
32.0 

0.8 
28.0 

 
 
Table 4. Total flavonoids production from electroporaited, Ri-transformed and non 
transformed root cells of Glycyrrhiza glabra and its RLAR effect on  rat lens. 
 

Aldose reductase * 
inhibition (%) 

Type of culture Flavonoids production 
(g/l) 

0.1mkg/ml 1.0mkg/m
l 

Control (non transformed 
cells) 

Transformed pDNT23 
A. rhizogenes 

 

0.2 
1.9 
3.42 

0.6 
2.1 

11.8 

21.4 
33.7 
58.6 

• -RLAR activities were measured from rat lenses which have been homogenized 
and centifugated at 1000000 x g, and then the supernatant was used for enzyme 
fraction. RLAR activities were used assayed using 1 mM dl-glyceralaldegide as a 
substate by determinigf the increase of fluorescence NADP in the presence of 6N 
NaOH by a Hewlett-Packard fluorescent spectrophotometer. 

 
Table 5. Total terpens production from  electroporated cells and  hairy roots of Potentilla 
alba, and its effect on thyroxine level on experimental rats. 
 

Type of culture 
production 

Terpens 
(mg/g dry wt.) 

Concentration 
of total terpens (%) 

Thyroxine 
nmol/l, M±m, n=7 

Control    (non 
transformed cells) 

 
Transformed 

pDNT23 
 

Agrobacterium 
rhizogenes 

 

 
0.45 

 
0.67 

 
1.2 

 

 
0.02-0.2 

 
0.3 

 
3.0 

 

 
37±16,1 

 
14.0±3.3 

 
8.7±6.4 
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Thyroxin levels has been tested on thyroid glands on the young  white rats. p<0.05. 
 
The present investigation  demonstrated that  flavonoids which have obtained from  
genetically transformed cells and hairy root cultures of Glycyrrhiza glabra L., have potent  
on RLAR inhibition activity and a promising agent for the prevention of inflammatory 
reaction after γ- radiation treatment of experimental rats. And was shown, what obtained 
triterpens from transformed Potentilla alba cells have thyroidoprotective effects after γ- 
radiation pressure. 
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РЕЗЮМЕ 
Використовуючи сучасні біотехнолочні методи було проведено скринінг вторинних 
метаболів радіопротекторної природи, що є дуже актуальним після Чорнобильської 
катастрофи. З цїєю метою досліджували накопичення вторинних метаболітів в 
генетично трансформованих суспензійних клітинах кореню солодцю Glycyrrhiza 
glabra. Були підібрані оптимальні умови для електропорації за допомогою плазміди з 
корене специфічним промотором (pDNt23). Отримані клітинні агрегати було 
інокульовані штамами агробактерій (Agrobacterium rhizogenes). Таким шляхом 
вдалося отримати культуру коренів “hairy roots” зі збільшеним виходом вторинних 
метаболітів флавоноїдної природи. В культурі клітин перстачу білого Potentilla alba, 
також вдалося отримати штами “hairy roots”  із збільшеним виходом терпенів.  
Отримані метаболіти були протестовані на щурах як потенційні біологічно активні 
сполуки радіозахисної природи.  
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