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Rehmannia glutinosa Liboschitz, a medicinal plant, is one of the 50 fundamental herbs used in 
traditional Chinese medicine. Chinese foxglove has a variety of beneficial effects and pharmacological 
actions on the blood, immune, endocrine, cardiovascular and nervous systems. Chinese foxglove is 
propagated conventionally through the roots. Therefore, a number of studies have reported in vitro 
plant regeneration, micropropagation and plant transformation of R. glutinosa from the culture of 
several explants for multiple propagations and plant improvement. This review summarize previous and 
current information regarding the application of plant biotechnology (plant regeneration, 
micropropagation, hairy root culture and plant transformation) in R. glutinosa and provide new insights 
for future study in this discipline. 
 
Key words: Hairy root culture, micropropagation, plant regeneration, plant transformation, Rehmannia 
glutinosa Liboschitz. 

 
 
INTRODUCTION 
 
Rehmannia glutinosa Liboschitz (Figure 1), a widely used 
traditional oriental medicinal plant, is a member of the 
Scrophulariaceae family and is one of the 50 fundamental 
herbs used in traditional Chinese medicine. The common 
name of perennial flower R. glutinosa is Chinese fox-
gloves, because the tubular flowers bear a resemblance 
to Digitalis. Rehmanniae radix (the dried root of R. 
glutinosa) containing iridoids, saccharides, amino acid, 
inorganic ions, other trace elements, among others, is 
commonly used as a traditional Chinese medicine and 
has a very high medicinal value. R. glutinosa have been 
shown to have a variety of beneficial effects and phar-
macological actions on the blood system, immune 
system, endocrine system, cardiovascular system and 
the nervous system  (Bi  et  al.,  2008;  Hasegawa  et  al.,  
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1982; Liu et al., 2008; Zhang et al., 2008).  
Catalpol (Figure 2) was confirmed to be the major 

iridoid constituent of the rhizomes in R. glutinosa (Albach 
et al., 2007). It exists broadly in many plants and has 
many biological functions such as anti-inflammation, 
promotion of sex hormones production, protection of liver 
damage and reduction of elevated blood sugar and 
neuroprotective effect (Jiang et al., 2008; Jiang et al., 
2004; Li et al., 2008; Liang et al., 2009; Liu et al., 2006; 
Tian et al., 2007; Wang et al., 2009). 

The propagation of Chinese foxglove is by the tuberous 
roots or planting seed. Propagation from seed is a difficult 
method due to poor seed viability, low propagation rate 
and delaying root harvest. Therefore, this plant is propa-
gated conventionally through the roots. Some studies 
have reported in vitro plant regeneration, micropropa-
gation and plant transformation of R. glutinosa L. from the 
culture of several explants for multiple propagations and 
plant improvement (Ling et al., 2009).  

In this  paper,  various  studies  on  the  applications  of 
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Figure 1. Plant in the pot (A) and root (B) of Rehmannia glutinosa. 
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Figure 2. Chemical structure of catalpol. 

 
 
 
plant biotechnology, in vitro plant regeneration, cell or 
hairy root cultures for bioactive compound production and 
genetic transformation for crop improvement of R. 
glutinosa is reviewed   
 
 
APPLICATION OF PLANT BIOTECHNOLOGY IN R. 
GLUTINOSA   
 
In vitro plant regeneration and micropropagation 
 
Traditional skills are required in the vegetative propaga-
tion of plant species. However, the use of a regeneration 
system through tissue culture of economically important 
plants is a relatively new development. In vitro techniques 
considerably improve this potential by the application of 
nutritional and hormonal systems under aseptic condi-

tions. Plant proliferation by this method is termed 
micropropagation because miniature shoots or plantlets 
are initially derived. There are a number of pathways for 
the regeneration of whole plants from excised plant parts. 
Two main pathways can be considered, that is, 
generation through shoot organogenesis and somatic 
embryogenesis (Phillips et al., 1995).  

Organogenesis is a developmental pathway in which 
shoots or roots (that is, organs) are induced to different-
tiate from a cell or group of cells. Plant regeneration 
through organogenesis generally involves induction and 
development of a shoot from explant tissue, followed by 
transfer to a different medium for the induction of root 
formation and development. Research has demonstrated 
that successful organogenesis in many plant species can 
be achieved by the correct establishment of medium 
components, selection of a suitable explant and control of 
the physical environment (Brown et al., 1986; Thorpe, 
1990).  

Steward et al. (1958) originally observed plant 
regeneration by somatic embryogenesis from cultured 
carrot cells. In somatic embryogenesis, somatic cells 
develop by division to form complete embryos analogous 
to zygotic embryos. The bipolar structure of the somatic 
embryo contains both shoot and root meristem. As the 
embryos develop, they progress through the distinct 
structural steps of the globular, heart, torpedo, cotyle-
donary and mature stages. Somatic embryogenesis can 
occur directly from cells of the explant tissue without an 
intervening callus phase. However, the indirect embryo-
genesis pathway, where somatic embryos are induced 
and develop from a proliferated callus, is generally more 
common (Pierik, 1987; Rashid, 1988). Many researchers 
have tried and some  are  still  trying  to  develop  in  vitro 
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plant regeneration and micropropagation system of R. 
glutinosa.  

Jiang et al. (1979) performed experiments demonstra-
ting callus induction and in vitro plant regeneration of R. 
glutinosa. Usually, Chinese foxglove is asexually propa-
gated by division of the tuberous roots. Seed propagation 
is a difficult method because of poor seed viability, low 
propagation rate and delaying root harvest. Therefore, in 
vitro micropropagation of R. glutinosa was developed 
(Matsumoto et al., 1986; Shoyama et al., 1983).  

Shoot regeneration from mesophyll protoplast culture of 
R. glutinosa was reported by Xu et al. (1983). Mesophyll 
protoplasts obtained from leaves of in vitro grown 
Chinese foxglove shoots were cultured in Murashige et 
al. (1962) liquid or liquid-over-agar medium containing 
2.0 mg L–1 naphthaleneacetic acid (NAA) and 0.5 mg L–1 
benzylamino purine (BAP). Protoplast-derived colonies 
formed callus which readily regenerated shoots on tran-
sfer to MS based agar medium with 2.0 mg/l indoleacetic 
acid (IAA) and 1.0 mg/l BAP. Leaf explants also showed 
a marked capacity for shoot regeneration in in vitro 
culture. 

Paek et al. (1995b) established micropropagation 
system of R. glutinosa by shoot tip and root segment 
culture. Shoot induction from the culture of shoot apical 
meristem and node-bud was achieved from the medium 
supplemented with 1 to 5 mg/l BA, 0.3 mg/L IAA and 
3.0% suerose with 0.6 – 1.2% bacto agar instead of 
gelrite which induced high frequency of vitrified shoots. 
Addition of activated charcoal at concentrations of 0.1 – 
0.3%, markedly improved shoot regeneration and growth 
of roots and reduced the frequencies of verifications but 
inhibited shoot multiplication. Successful in vivo rooting 
from in vitro produced shoots was obtained and planting 
in rooting medium composed of 1:1 vermiculite and 
perlite. Field performance test of in vitro grown plants 
derived from apical meristem culture and conventionally 
propagated plants of R. glutinosa was conducted at two 
places to demonstrate the difference of growth, yield and 
the degree of virus infection. Usually in vitro grown plants 
showed better growth, yield and the resistant degree of 
virus infection than conventionally propagated plants 
(Paek et al., 1995a). 

Characteristics in tissue cultured plants of Chinese 
foxglove for obtaining the basic breeding information 
were studied by Park et al. (1999). Effects of various 
plant growth regulators were investigated on leaf tissue 
for proliferation and most treatment easily produced 
callus. During the subculture, callus propagation rate 
recorded 15.4% with 0.2 mg/l NAA and 1.0 mg/l BA and 
plant regeneration improved on MS medium supple-
mented with 0.2 mg/l NAA and 0.5 mg/l kinetin. The 
number of shoot formed ranged from 1.7 on WPM 
medium to 3.4 on MS medium with 0.1 mg/l NAA and 0.5 
mg /l BA treatment. Xue et al. (2002) induced in vitro 
Chinese foxglove microtuber on 1/2MS medium with 1 
mg/l IBA. The  best  condition  for  microtuber  production  

 
 
 
 
was 2 mg/l BA, 0.1 mg/l NAA and 5% sucrose treatment 
on MS medium. The fittest incubation temperature was 
25°C and the light length was (2,000 - 3,000 lx) 12 h/day. 
Jeong et al. (2002) established in vitro regeneration and 
plantlet formation of R. glutinosa using adventitious roots 
as explants. 

Park et al. (2009) established an efficient and improved 
protocol for plant regeneration and micropropagation 
from leaf cultures of R. glutinosa. The regenerated shoots 
obtained from leaf cultures on solid MS medium 
contained different concentrations of TDZ. The highest 
number of shoots per explant (2.1) and shoot growth (1.2 
cm) was obtained on MS medium containing 1 mg/l TDZ. 
The addition of auxins in MS medium containing 1 mg/l 
TDZ substantially improved the shoot regeneration of R. 
glutinosa and at the optimal concentration of 0.1 mg/l 
NAA was the most suitable auxin for the highest number 
of shoots per explant (3.8) and shoot growth (1.5 cm). 
Plant regeneration was found to be more efficient when 
gelrite was used as the gelling agent. The number of 
shoots produced per leaf explant was 15% higher and the 
growth of shoots was 12% greater, on 3 g/l gelrite 
compared to 6 g/l phytagar. The rooted plants were 
hardened and transferred to soil with a 73% survival rate. 
The continuous production of R. glutinosa regenerated 
plants could be used as a possible micropropagation 
system (Figure 3). 

Some reports investigated the environmental condition 
during in vitro cultures of Chinese foxglove plantlets. 
Healthy in vitro Chinese foxglove plantlets, which had 
normal stomatal activity and high survival rates, were 
obtained by increasing the air exchange rates per hour in 
culture vessel. More than two times of leaf area and dry 
weight were observed compared with conventional tissue 
culture condition under increased air exchange rate, high 
PPF (photosynthetic photon flux) and CO2 enriched 
environmental conditions. Although the treatment of 
sucrose led to maximal growth, the plantlets cultured on 
sucrose-free medium also grew well. This result clearly 
showed that plantlets grown under sucrose free, CO2 
enrichment and high PPF conditions had autotrophic 
growth characteristics (Seon et al., 1999). R. glutinosa 
plantlets were cultured for 4 weeks under different culture 
conditions to determine the optimum environment for in 
vitro growth and ex vitro survival. This study suggested 
that increased number of air exchanges of the culture 
vessel, decreased sucrose concentration and positive 
dark period temperatures (DIF) in combination with high 
PPF level enhanced growth and acclimatization of R. 
glutinosa plantlets (Cui et al., 2000). Seon et al. (2000) 
investigated the photosynthetic responses of R. glutinosa 
grown under photoautotrophic or heterotrophic conditions 
in vitro after transfer to greenhouse conditions. The 
control of transpiration during early stage after trans-
plantation plays a key role in the acclimatization process 
and photoautotrophic conditions could be a solution to 
solve   the   problems   associated   with    transplantation 



 
 
 
 

 
 
Figure 3. Plant regeneration and micropropagation of Rehmannia 
glutinosa: (A) initial shoot induction from leaf explants culture on 
MS media including 1 mg/l TDZ, (B) regenerated plant in the flask, 
(C) flowering regenerated plant in the green house.    
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stress. 
 
 
In vitro cell cultures and hairy root culture for 
bioactive compound production  
 
Production of bioactive compounds through in vitro callus 
or cell cultures has been carried out in many plant 
species, especially in medicinal plant. Screening, 
selection, elicitation and media optimization are the 
methods applied for improving production of secondary 
metabolites using in vitro cultures (Mary, 2005). Some 
researchers tried to produce useful compound using cell 
culture of R. glutinosa.  Four phenolic glycosides and one 
aliphatic glycoside were isolated from callus culture of R. 
glutinosa. Two of the phenolic glycosides were identified 
as acteoside and forsythiaside and the structures of the 
other two were elucidated as 3,4-dihydroxy-�-phenethyl-
0-�-D-glucopyranosyl-(1 � 3) -4-0-calfeoyl-�-D-
glucopyranoside and 3,4-dihydroxy-�-phenethyl-0-�-D-
glucopyranosyl-(1 � 3) -0-�-L-rhamnopyranosyl-(1 � 6)-
4-0-caffeoyl-�-D-glucopyranoside (Shoyama et al., 1986). 
When the calli were subcultured, embryogenesis 
occurred and regenerated shoot and root were obtained. 
Root tissues produced two iridoid glycosides, melittoside 
and rehmannioside D. A caffeoyl glycoside, acetoside 
and ethyl-�-d-glucose were detected in the regenerated 
shoots (Matsumoto et al., 1989). 

Agrobacterium rhizogenes is a genus of gram-negative 
soil bacteria belonging to the Rhizobiaceae responsible 
for hairy root formation at the site of infection of plant (Giri 
et al., 2000; Guillon et al., 2006). Hairy root cultures from 
plants are getting considerable attention because of their 
genetic and biochemical stability, rapid growth rate and 
ability to synthesize secondary products at levels 
comparable to the original plants (Christey et al., 2005; 
Georgiev et al., 2007; Srivastava et al., 2007).  

Hwang (2005, 2009) reported the production of catalpol 
in Chinese foxglove (R. glutinosa) hairy roots transformed 
with A. rhizogenes ATCC15834. The optimization of 
culture conditions for both root growth and catalpol 
production, effects of various combinations of seven 
basal media, pH and carbon sources were investigated. 
The best condition of root growth was obtained in an SH 
medium containing 4% sucrose and the highest catalpol 
content  (0.54% of dry weight)  was  achieved  in  a WPM 
medium supplemented with 4% sucrose. Effects of plant 
growth regulators and chitosan were also studied. The 
treatment of 2 mg/l IAA significantly increased root 
lengths and the frequency of lateral roots. Chitosan (50 
mg/l) and GA3 (0.5 mg/l) increased catalpol production, 
with contents calculated at 0.7 and 0.65% dry weight, 
respectively. Zhou et al. (2007) achieved hairy root 
induction and culture of R. glutinosa for catalpol 
production. The content of catalpol in a transformed hairy 
root clone was 0.557 mg/g. FW by means of high 
performance liquid chromatography (HPLC), gave 48.5 
and 18% of fresh and dried Rehmannia root, respectively. 
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 Plant transformation and biotechnology 
 
An efficient transformation protocol was developed for R. 
glutinosa using Agrobacterium tumefaciens. Putative 
transgenic plants were induced from leaf explants co-
cultivated with Agrobacterium. Detection of the neomycin 
phosphotransferase gene, high activity of �-glucuroni-
dase (GUS) transcripts and histochemical localization of 
GUS confirmed the integrative transformation of Chinese 
foxglove. This result demonstrated the potential for using 
A. tumefaciens to transfer important genes into 
commercial Chinese foxglove cultivars (Park et al., 2002). 
An efficient system of genetic transformation and plant 
regeneration from hairy roots by infecting the leaf 
sections and stem segments of in vitro R. glutinosa 
Libosch. plantlets have been developed. Hairy roots were 
induced after co-culturing with A. rhizogenes ATCC l5834 
(Hwang, 2008; Zhou et al., 2009). 

R. glutinosa is one of the most important medicinal 
plants. However, various plant pathogens, including 
Fusarium spp., cause damage on R. glutinosa. Lim et al. 
(2003) reported the introduction of antifungal gene (Rs-
AFP) into R. glutinosa to breed Fusarium-resistant plants. 
Detection of Southern blot and AFP protein analyses 
confirmed the integrative transformation in transgenic 
plants. Lim et al. (2005) performed metabolic engineering 
of resveratrol biosynthesis in R. glutinosa. To increase 
production of resveratrol, they attempted ectopic 
expression of peanut resveratrol synthase gene (AhRS3) 
in R. glutinosa. The transgenic plants produced new 
compounds identified as resveratrol and 3�-H-resveratrol-
3-O-�-D-glucoside (R-gluc). The contents of resveratrol 
compounds in the transgenic plants were further 
increased by abiotic stresses and transgenic plants were 
highly resistant to Fusarium oxysporum infection. They 
demonstrated that these results showed diverse benefits 
for human and plant health and could provide a new 
opportunity for the improvement of R. glutinosa products. 
 
 
CONCLUSION 
 
Plant cell and tissue culture play important roles in the 
manipulation of plants for improved crop varieties. Plant 
regeneration system is an essential part of micropropa-
gation and molecular approaches leading to plant 
improvement in R. glutinosa. Plant tissues of Chinese 
foxglove are still difficult to culture and to establish 
optimal growing conditions in vitro. Therefore, there 
continues to be an urgent need for extensive work in the 
field of basic tissue culture protocols for R. glutinosa   
plants before any practical utilization of molecular biology 
approaches can be achieved.  

Plant transformation acts as a core research tool in a 
basic research for plant biology and a practical tool for 
plant improvement. Genetic engineering using plant gene 
transformation system has already been responsible for 
the production of transgenic plants with  enhancement  in  

 
 
 
 
a range of desirable traits. For the establishment of 
genetic engineering of R. glutinosa, plant transformation 
system is essential. Though the transformation system of 
R. glutinosa has been developed, it is still difficult to 
produce transgenic plant easily. Therefore, there is a 
need to make an optimal protocol for Chinese foxglove 
transformation. The purpose of this review is to collect all 
possible information regarding applications of plant 
biotechnology in R. glutinosa. It is hoped that it will help 
students and scientists to take action for future study in 
this discipline. 
 
 
ACKNOWLEDGEMENT 
 
This work (R13-2008-010-01002-0) was supported by the 
Korea Science and Engineering Foundation (KOSEF) 
grant funded by the Korea government (MOST). 
 
 
REFERENCES 
 
Albach DC, Li HQ, Zhao N, Jensen SR (2007). Molecular systematics 

and phytochemistry of Rehmannia (Scrophulariaceae). Biochem. 
Systematics and Ecol. 35: 293-300. 

Bi J, Wang XB, Chen L, Hao S, An LJ, Jiang B, Guo L (2008). Catalpol 
protects mesencephalic neurons against MPTP induced neurotoxicity 
via attenuation of mitochondrial dysfunction and MAO-B activity. 
Toxicology in Vitro 22: 1883-1889. 

Brown DC, Thorpe TA (1986). Plant regeneration by organogenesis. In: 
Vasil I.K. (ed) Cell Culture and Somatic Cell Genetics of Plants, 
Academic Press, New York, pp 49-65. 

Christey MC, Braun RH (2005). Production of hairy root cultures and 
transgenic plants by Agrobacterium rhizogenes-mediated 
transformation. Methods Mol. Biol. 286: 47-60. 

Cui YY, Hahn EJ, Kozai T, Paek KY (2000). Number of air exchanges, 
sucrose concentration, photosynthetic photon flux, and differences in 
photoperiod and dark period temperatures affect growth of 
Rehmannia glutinosa plantlets in vitro. Plant Cell, Tissue and Organ 
Culture 62: 219-226. 

Georgiev M, Pavlov A, Bley T (2007). Hairy root type plant in vitro 
systems as sources of bioactive substances. Appl. Microbiol. 
Biotechnol. 74: 1175-1185. 

Giri A, Narasu ML (2000). Transgenic hairy roots: recent trends and 
applications. Biotechnol. Adv 18: 1-22. 

Guillon Sh, Trouillaux-Guiller J, Pati PK, Rideau M, Gantet P (2006). 
Hairy root research: recent scenario and exciting prospects. Curr. 
Opinion in Plant Biol. 9: 341-346. 

Hasegawa T, Koike K, Takahashi S, Ariyoshi U (1982). Constituents of 
leaves and roots of Kailei Jio (Rehmammia glutinosa Libosch. Forma 
hueichingensis Hsiao). Shoyakugaku Zasshi 36: 1-5. 

Hwang SJ (2005). Growth characteristics and catalpol production in 
chinese foxglove (Rehmannia glutinosa Liboschitz) hairy roots 
transformed with Agrobacterium rhizogenes ATCC15834. J. Plant 
Biol. 48: 380-386. 

Hwang SJ (2008). Plant regeneration from hairy root of rehmannia 
glutinosa liboschitz transformed by Agrobacterium rhizogenes. Kor. J. 
Med. Crop Sci. 14: 31-35. 

Hwang SJ (2009). Catapol production in Chinese foxglove (Rehmannia 
glutinosa Libos.) hairy roots transformed with Agrobacterium 
rhizogenes ATCC15834. Methods Mol Biol 547: 263-273. 

Jeong JH, Yu KW, Chakrabarty D, Kim SJ, Paek KY (2002). In vitro 
regeneration and plantlet formation from adventitious roots of 
Rehmannia glutinosa liboschits. Propagation of Ornamental Plants 2: 
19-23. 

Jiang B, Du J, Liu JH, Bao YM, An LJ (2008). Catalpol attenuates the 
neurotoxicity induced by �-amyloid1–42 in cortical neuron-glia cultures. 
Brain Res. 1188: 139-147. 



 
 
 
 
Jiang B, Liu JH, Bao YM, An LJ (2004). Catalpol inhibits apoptosis in 

hydrogen peroxide-induced PC12 cells by preventing cytochrome c 
release and inactivating of caspase cascade. Toxicon 43: 53-59. 

Jiang LC, Mao WY (1979). Callus formation and plantlet regeneration of 
Rehmannia glutinosa Libosch. f. hueichingensis (Chao et Schih) 
Hsiao. Zhong Cao Tong Xun (Chinese Medical Herb Lett) 2: 41. 

Li Y, Bao Y, Jiang B, Wang Z, Liu Y, Zhang C, An L (2008). Catalpol 
protects primary cultured astrocytes from in vitro ischemia-induced 
damage. Int. J. Dev. Neurosci. 26: 309-317. 

Liang JH, Du J, Xu LD, Jiang T, Hao S, Bi J, Jiang B (2009). Catalpol 
protects primary cultured cortical neurons induced by A�1-42 through a 
mitochondrial-dependent caspase pathway. Neurochemistry 
International 55: 741-746. 

Lim JD, Seong ES, Lee YS, Chae YA, Yu CY (2003). Antifungal Gene 
(Rs-AFP) Introduction into Rehmannia glutinosa and Gene 
Expression Mediated by Agrobacterium tumefaciens. Plant Pathol. J. 
19: 51-56. 

Lim JD, Yun SJ, Chung IM, Yu CY (2005). Resveratrol synthase 
transgene expression and accumulation of resveratrol glycoside in 
Rehmannia glutinosa. Molecular Breeding 16: 219-233. 

Ling H, Liu RR (2009). Progress in medicinal plant Rehmannia 
glutinosa: Metabolite profiling, tissue culture, growth and its 
regulation, and functional genomics. Russian J. Plant Physiol. 56: 
591-598. 

Liu HR, Tang XY, Dai DZ, Dai Y (2008). Ethanol extracts of Rehmannia 
complex (Di Huang) containing no Corni fructus improve early 
diabetic nephropathy by combining suppression on the ET-ROS axis 
with modulate hypoglycemic effect in rats. J.Ethnopharmacol. 118: 
466-472. 

Liu J, He QJ, Zou W, Wang HX, Bao YM, Liu YX, An LJ (2006). 
Catalpol increases hippocampal neuroplasticity and up-regulates 
PKC and BDNF in the aged rats. Brain Res. 1123: 68-79. 

Mary AL (2005). Valuable secondary products from in vitro culture. CRC 
Press LLC: 285-288. 

Matsumoto M, Nagano M, Shoyama Y, Nishioka I (1986). New 
vegetative propagation method of Rehmannia glutinosa. 
Shoyakugaku Zasshi 40: 193-197. 

Matsumoto M, Shoyama Y, Nishioka I, Irino N (1989). Constituents of 
regenerated and shoot cultured root tissue of Rehmannia glutinosa. 
Phytochemistry 28: 2331-2332. 

Murashige T, Skoog F (1962). A revised medium for rapid growth and 
bioassays with tobacco tissue cultures. Physiol. Plant. 15: 473-497. 

Paek KY, Yu KJ, Park SI, Sung NS, Park CH (1995a). Field 
performance test of micropropagated Rehmannia glutinosa and virus 
detection. Acta Hort. (ISHS) 390: 121-126. 

Paek KY, Yu KJ, Park SI, Sung NS, Park CH (1995b). Micropropagation 
of Rhemannia glutinosa as medicinal plant by shoot tip and root 
segment culture. Acta Hort. (ISHS) 390: 113-120. 

Park CH, Seong NS, Kim SK, Paek KY (1999). Characteristics in tissue 
cultured plants of Chinese foxglove (Rehmannia glutinosa Libosch.). 
Kor. J. Plant Tissue Cult. 26: 205-210. 

Park SU, Kim HH, Yu CY, Park CH, Chae YA (2002). Agrobacterium-
mediated genetic transformation of Chinese foxglove, Rehmannia 
glutinosa L. Biotechnology Letters 24: 547-550. 

Park SU, Kim YK, Lee SY (2009). Improved in vitro plant regeneration 
and micropropagation of Rehmannia glutinosa L. J. Med. Plants Res. 
3: 31-34. 

Phillips GC, Hubstenberger JF (1995). Micropropagation by proliferation 
of axillary buds. In: Gamborg, Phillips (eds) Plant cell, tissue and 
organ culture: fundamental methods, Springer-Verlag, Berlin 
Heidelberg, pp 81-90. 

 
 
 
 

Park et al.         1263 
 
 
 
Pierik RLM (1987). In vitro culture of higher plants. Vol. Martinus Nijhoff, 

Dordrecht, pp 183-230. 
Rashid A (1988). Cell physiology and genetics of higher plants. Vol. 1. 

CRC Press, Boca Raton, FL, pp 1-38, 67-103. 
Seon JH, Cui YY, Kozai T, Paek KY (2000). Influence of in vitro growth 

conditions on photosynthetic competence and survival rate of 
Rehmannia glutinosa plantlets during acclimatization period. Plant 
Cell, Tissue and Organ Culture 61: 135-142. 

Seon JH, Cui CH, Paek KY, Yang CS, Gao WY, Park CH, Sung SN 
(1999). Effects of air exchange, sucrose, and ppf on growth of 
Rehmannia glutinosa under enriched co2 concentration in vitro. Acta 
Hort. (ISHS) 502: 313-318. 

Shoyama Y, Matsumoto M, Nishioka I (1986). Four caffeoyl glycosides 
from callus tissue of Rehmannia glutinosa. Phytochemistry 25: 1633-
1636. 

Shoyama Y, Nagano M, Nishioka I (1983). Clonal multiplication of 
Rehmannia glutinosa. Planta Med 48: 124-125. 

Srivastava S, Srivastava AK (2007). Hairy root culture for mass-
production of high-value secondary metabolites. Crit. Rev. 
Biotechnol. 27: 29-43. 

Steward FC, Marion OM, Mears K (1958). Growth and organized 
development of cultured cells. II. Organization in cultures grown from 
freely suspended cells. Am. J. Bot. 45: 705-708. 

Thorpe TA (1990). The current status of plant tissue culture. In: 
Bhojwani S.S. (ed) Plant tissue culture: Applications and limitations, 
Elsevier, Amsterdam, pp 1-33. 

Tian YY, Jiang B, An LJ, Bao YM (2007). Neuroprotective effect of 
catalpol against MPP+-induced oxidative stress in mesencephalic 
neurons. Eur. J. Pharmacol. 568: 142-148. 

Wang Z, Liu Q, Zhang R, Liu S, Xia Z, Hu Y (2009). Catalpol 
ameliorates beta amyloid-induced degeneration of cholinergic 
neurons by elevating brain-derived neurotrophic factors. Neurosci. 
163: 1363-1372. 

Xu XH, Davey MR (1983). Shoot regeneration from mesophyll 
protoplasts and leaf explants of Rehmannia glutinosa. Plant Cell 
Reports 2: 55-57. 

Xue JP, Shi LY, Zhang AM (2002). Microtuber induction in vitro from 
Rehmannia glutinosa. Zhongguo Zhong Yao Za Zhi 27: 824-827. 

Zhang RX, Li MX, Jia ZP (2008). Rehmannia glutinosa: Review of 
botany, chemistry and pharmacology. J. Ethnopharmacol. 117: 199-
214. 

Zhou Y, Duan H, Zhou C, Li J, Gu F, Wang F, Zhang Z, Gao Z (2009). 
Hairy root induction and plant regeneration of Rehmannia glutinosa 
Libosch. f. hueichingensis Hsiao via Agrobacterium rhizogenes -
mediated transformation. Russian J.Plant Physiol. 56: 224-231. 

Zhou YQ, Niu JY, Hao RW, Lin X, Jia JF, Hao JG, Lu LD (2007). Hairy 
root induction and plant regeneration of Rehmannia glutinosa 
Libosch. f.hueichingensis (Chao et Schih) Hsiao transformed by 
Agrobacterium rhizogenes. Fen Zi Xi Bao Sheng Wu Xue Bao 40: 
223-231. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 


