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Abstract Goldenseal (Hydrastis canadensis L.) is an endangered medicinal plant used to treat sore eyes and mouths, cold and flu and also as a dye. The objective of this study was to develop an efficient in vitro propagation protocol for goldenseal. Significantly more shoots (26 shoots per leaf explants) were induced on a medium containing 2.5 mM thidiazuron (TDZ) and 5.0 mM 1-naphthaleneacetic acid (NAA) than any other treatment. Sub-culturing regenerated shoots on a medium with 5.0 mM 6-benzylaminopurine (BA) induced the maximum rate of shoot multiplication. Growth of the regenerated shoots in a temporary immersion bioreactor resulted in significant increases in biomass, shoot height and shoot multiplication. The regenerated shoots from the temporary immersion bioreactor formed roots when transferred onto a medium with 1.0–2.0 mM indole-3-butyric acid (IBA). Regenerated whole plantlets were acclimatized and maintained in standard greenhouse conditions for further growth. The regeneration protocol developed in this study provides a basis for germplasm conservation and for further investigation of this rare, medicinally important species. # 2007 Elsevier B.V. All rights reserved. Keywords: Bioreactor culture; Germplasm conservation; Goldenseal; Hydrastis canadensis L.; Thidiazuron



1. Introduction Goldenseal (Hydrastis canadensis L.), belongs to the family Ranunculaceae, and grows in deciduous forest of moist mountainous regions of Eastern North America. It has been used for centuries for the treatment of mouth sores, whooping cough, pneumonia, digestive disorder and postpartum hemorrhaging (Duke, 2001). The major active phytochemicals in goldenseal are the alkaloids hydrastine and berberine. These alkaloids can reduce gastric inflammation, relieve congestion, and destroy many types of bacterial and viral infections (Palmery et al., 1997; Seazzocchio et al., 2001). Goldenseal was among the top 10 selling herbs in the United States in 1997, with sales exceeding US$ 44,000,000 in 1999 * Corresponding author at: Phytochemical Engineering Group, National Key Laboratory of Biochemical Engineering, Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100080, PR China. Tel.: +86 10 82622280; fax: +86 10 82622280. E-mail address: [email protected] (C.-z. Liu). 0304-4238/$ – see front matter # 2007 Elsevier B.V. All rights reserved. doi:10.1016/j.scienta.2007.01.014



(Bannerman, 1997; Blumenthal, 1999). It has been estimated that upwards of 250,000 pounds of goldenseal root is sold each year. A growing demand for goldenseal has caused a serious reduction in native populations as a consequence of overharvest and deforestation. Goldenseal was listed in Appendix II of the Convention for International Trade on Endangered Species (CITES) of Wild Fauna and Flora in 1997. The major constraint in conventional propagation through seeds is the high mortality of seedlings in early stages, whereas the destructive harvestings of the rhizome for vegetative propagation seems not to be feasible because the species is endangered and there is always the possibility to losing the mother plant during this process. In vitro propagation methods offer highly efficient tools for germplasm conservation and mass multiplication of many threatened plant species (Murch et al., 2004; Pan et al., 2003). Limited success has been achieved in developing in vitro shoot regeneration protocols for goldenseal previously (Hall and Camper, 2002; Bedir et al., 2003; Liu et al., 2004a). However, sustained supply to replenish the dwindling populations and the scientific research into the biochemistry and
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medicinal efficacy of goldenseal requires a rapid, large-scale system for production of plants. Proliferation in liquid medium offers the possibility of rapid shoot proliferation and several liquid shoot culture systems have been developed with the aim to reduce production costs while maximizing plant growth (Simonton et al., 1991; Weathers and Giles, 1988; Ziv and Shemesh, 1996). However, the use of liquid culture systems for large-scale cultivation has been rather limited due to an abnormal shoot morphology commonly associated with liquid culture methods and a relatively higher cost of propagation (Liu et al., 2003a; Ziv et al., 1998). The two main objectives of the current study were: (1) to explore the possibility of developing an efficient liquid culture system with adequate biological and engineering design for goldenseal shoot multiplication and (2) to assess the efficacy of TDZ, a growth regulating compound which has been found highly potent in inducing regeneration of recalcitrant species, for the induction of shoot regeneration in goldenseal cultures. In this communication, we report an efficient procedure for in vitro mass multiplication of goldenseal which may facilitate germplasm conservation efforts of this endangered medicinal species. 2. Materials and methods H. canadensis L. plants were obtained from Richters Herb Specialist Inc. (Goodwood, Ont.). Leaf explants were excised from 40-day old plants. The explants were surface disinfected by dipping in 70% alcohol for 30 s, then immersed in 10% NaClO for 20 min, followed by three rinses with sterile distilled water. Surface sterilized leaf explants (approximately 1 cm2) were inoculated on MS (Murashige and Skoog, 1962) medium
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supplemented with 30 g/l sucrose, 6 g/l agar and different concentrations of plant growth regulators. Varying levels of BA (2.5, 5, 10 and 15 mM) or TDZ (1, 2.5, 5 and 10 mM) alone or in combination with different levels of NAA (2.5 and 5 mM) were supplemented into the MS medium for shoot induction. The regenerated shoots were sub-cultured on MS basal medium supplemented with different levels of BA (0, 1.0, 2.5, 5.0, 10.0 and 20.0 mM) for proliferation and elongation. All media were adjusted to pH 5.8 with 1N NaOH or 1N HCl before being autoclaved. All cultures were maintained in a growth cabinet at 25 8C in 16 h photoperiod provided by cool-white light (Phillips; 30–40 mmol/m2 s). Four culture methods for the regenerated shoots of goldenseal were compared: solid culture in magenta boxes, paper-bridge-support liquid culture in magenta boxes, suspended liquid-flask culture in 250 ml flasks, and periodical liquid-immersion culture in a temporary immersion bioreactor (RITA, Cirad Biotrop, France) with a 600 ml working volume. In the solid culture, 25 shoots were cultivated on 50 ml solid medium. In the paper-bridge-support liquid culture, a piece of filter paper over glass beads was used to support 25 shoots, and 50 ml liquid nutrient was added to the bottom of the magenta boxes. In the suspended liquid culture, 25 shoots were suspended in 50 ml liquid nutrient medium and culture flasks were kept on an orbital shaker at 80 rpm. For culture in the temporary immersion bioreactor, 150 shoots and 300 ml liquid medium were transferred in each bioreactor connected to an air supply of 0.25 vvm. The immersion cycle, set for 3 min every 60 min, was controlled by a timer. Shoot cultures from the temporary immersion bioreactors were transferred onto half strength MS medium supplemented



Fig. 1. In vitro plant regeneration system for goldenseal (Hytrastis canadensis L.). (A) Shoot organogenesis induced from leaf explants cultured on a medium supplemented with 5.0 mM NAA and 2.5 mM TDZ for a period of 30 days. (B) Multiple regenerated shoots grown on a medium supplemented with 5.0 mM NAA and 2.5 mM TDZ. (C) Proliferation and elongation of regenerated shoots on MS basal medium with 5.0 mM BA. (D) Shoot culture in a temporary immersion bioreactor after 30 days of culture. (E) Whole plantlet developed with well formed roots grown on the half-strength MS medium. (F) A mature plant in greenhouse after 3 months of growth.



84



S.-s. He et al. / Scientia Horticulturae 113 (2007) 82–86



with different concentrations of IBA (0.5, 1.0, 2.0 and 5.0 mM) for inducing root formation. The culture conditions were same as described above for initial shoot regeneration. For fresh weight determination, the shoot cultures were gently pressed on filter papers to remove excess water and weighed. Then they were dried in an oven at 60 8C for 24 h for determining the dry weight. Shoot multiplication ratio was calculated by the final shoot number after 30 days of culture compared to initial number of shoots. Ex vitro transplantation was carried out after 2 months by removing the rooted plantlets from the in vitro culture, rinsing them in water to remove the medium, followed by transfer to potting soil mixture under standard greenhouse conditions. The mean daytime and nighttime temperatures in the greenhouse were 25.2 and 15.3 8C, respectively. There was no supplemental lighting in the greenhouse and the average light level on the benches was 244 mmol/m2 s. The humidity of growth environment for the regenerated plantlets was maintained with an intermediate misting system with an initial frequency of 30 min intervals during daylight and 60 min intervals overnight. The misting frequency was reduced after 6 weeks to 60 and 120 min intervals in daylight and night, respectively. One hundred plants per triplicates were irrigated with 1/2 strength Hoagland’ solution every 24 h. All treatments consisted of five replicates and the experiments were repeated twice. Data were analyzed using the Student–Newman–Keulls means separation test of SAS version 8.02 (SAS Institute Inc., NC, USA). 3. Results Leaf explants of goldenseal were incubated on a medium supplemented with BA or TDZ alone, or in combinations with NAA. The callus development from leaf explants was observed in 2 week old cultures on all media tested (Fig. 1A). The organogenesis was indirect regeneration and regenerated shoots appeared within 28 days. Significantly more shoots were observed on leaf explants exposed to 5.0 mM NAA and 2.5 mM TDZ with an average of 26 shoots per leaf explants than other treatments after 42 days (Figs. 1B and 2). The treatment with BA alone did not induce shoot organogenesis from leaf explants of goldenseal; however, addition of NAA to BA containing medium induced shoot organogenesis. Exposure of leaf explants to 10 mM BA and 2.5 mM NAA resulted in approximately 10 shoots per leaf explants after 42 days (Fig. 2). Regenerated shoots were separated and sub-cultured on MS medium supplemented with various concentrations of BA for further shoot proliferation and growth (Fig. 1C). MS medium containing 5.0 mM BA gave the best shoot proliferation after 30 days of culture (Fig. 3). Goldenseal shoot propagation was significantly affected by the culture regime. Shoot cultures proliferated well in the solid, paper-bridge-support liquid, liquid-flask and temporary immersion bioreactor cultures. Significantly higher levels of shoot multiplication were observed in the temporary immersion system with an immersion cycle of 3 min every 60 min after 30 days of cultivation than in any other system (Figs. 1D and 4).



Fig. 2. Effect of plant growth regulators on shoot regeneration from leaf explants of goldenseal. Bars with different letters are significantly different at P < 0.05.



The in vitro derived shoots from the temporary immersion bioreactor were separated and sub-cultured on MS medium with various levels of IBA. Root initials formed after 2 weeks of culture. The highest rate of root development was observed on half-strength MS medium with 1.0–2.0 mM IBA after 21 days (Fig. 1E; Table 1). The highest percentage for the rooting response was observed at 2 mM IBA with 63.5% shoots forming about 3.8 roots per shoot with an average length of 8.4 mm. However, the optimum concentration of IBA was 1 mM; 58.2% shoots developed roots on this medium with >4 roots per shoot and an average length of 13.2 mm (Table 1). The rooted plantlets survived ex vitro transplantation in the greenhouse normal conditions without any supplemental light. Plant fertilized with 1/2 strength Hoagland’ solution every 24 h were able to grow further and developed well formed leaves with characteristic morphology within 3 months (Fig. 1F).
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Table 1 Effect of plant growth regulators on rooting of goldenseal regenerated shoots after 1 month Rooting media (mM)



Percentage of rooting (%)



Number of roots per regenerated shoot



Root length (mm)



1/2 MS 0.5 IBA 1.0 IBA 2.0 IBA 5.0 IBA



20.0c 47.6b 58.2a 63.5a 50.3b



2.7 c 3.6 b 4.3 a 3.8 b 2.1 c



3.1 c 9.8 b 13.2a 8.4 b 7.4 b



Value with different letters are significantly different at P < 0.05.



Fig. 3. Effect of BA on shoot proliferation of goldenseal regenerants after 30 days. Bars with different letters are significantly different at P < 0.05.



Fig. 4. Effect of cultivation methods on growth and multiplication of goldenseal shoot cultures after 30 days. Bars with different letters are significantly different at P < 0.05.



These plants were morphologically similar to the parent plants and contained the marker alkaloid compounds hydrastine and berberine (data not shown). 4. Discussion The overall objective of the current study was to develop an efficient system for rapid propagation of goldenseal. In general, the stimulation of tissue growth to form adventitious roots and shoots depends on the ratio of auxin to cytokinin in the culture medium (Skoog and Miller, 1957). In previous studies of plant regeneration of goldenseal, 10 mM BA alone gave the best shoot regeneration with 7.9 regenerants per stem explant after 60 days, while medium amended with BA in combination with



NAA resulted in callus proliferation with limited regeneration. Hall and Camper (2002) also reported that shoot organogenesis of goldenseal was efficiently induced using leaf and root explants of germinated embryos by BA alone. The results reported here with leaf explants of mature plants showed that the use of BA in combination with NAA is effective in shoot regeneration of goldenseal. The results reported here show that TDZ alone induced shoot organogenesis similar to medium containing BA in combination with NAA. Thidiazuron, acts as a substitute for both auxin and cytokinin requirements to induce organogenesis and somatic embryogenesis in many species, and has proven to be effective in regeneration of many recalcitrant species (Liu et al., 2003b; Mithila et al., 2003). Shoot organogenesis of goldenseal leaf explants was further enhanced by TDZ in combination with NAA. Although the mode of action of TDZ is not known, the present data provides further evidence that TDZ may modulate endogenous auxin and cytokinin metabolism in the process of regeneration. Liquid culture is ideal in micropropagation for reducing plantlet production costs and for automation. Many plants have been mass propagated in liquid medium using either flasks or bioreactors. However, morphological and physiological disorders such as hyperhydricity, are commonly observed in plants and shoots produced in liquid culture. These abnormalities might be related to stress induced by the environmental conditions (such as O2, CO2, shear and hydrodynamic forces) in the cultivation system. One interesting finding of this investigation was that the growth of goldenseal shoot cultures was improved significantly in the temporary immersion bioreactor. In this system the shoot cultures were periodically immersed in liquid medium which was delivered uniformly. In other systems such as the paper-bridge-support liquid culture, the nutrients in the liquid medium were available indirectly and only the basal tissues of shoot cultures were in contact with the medium through the paper bridge. Shoots grown in the liquidflask culture system displayed high hyperhydricity. This was not observed in the temporary immersion system, likely because the shoot cultures were only periodically exposed to the liquid phase. Temporary immersion culture systems offer several additional advantages including: (1) an efficient supply of nutrition and adequate levels of oxygen transfer, (2) reduced shear and hydrodynamic forces and (3) automation at relatively low cost. Successful micropropagation of many plant species has been developed using temporary immersion culture systems (Etienne and Berthouly, 2002; Teisson et al., 1996; Liu et al.,
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2004b). Further, the development of bioreactor propagation system allows the production of plant tissues for use in medicinal preparations. In vitro grown plants are free from the effects of seasonal variations, microbial infestations, and soil born contaminants that can affect the medicinal value of the harvested tissues (Murch et al., 2000; Saxena, 2001). Contamination of medicinal plant products with a range of environmental pollutants including heavy metals is a serious concern which compromises the safety and efficacy of plant based medicines. Goldenseal plants and products have previously been found to contain heavy metals (Liu et al., 2004a). In conclusion, the in vitro techniques reported here offer a powerful tool for mass-multiplication of this threatened plant species. The ability to rapidly deliver a large number of goldenseal propagules is expected to help replenish and sustain dwindling populations in the natural environment. References Bannerman, J., 1997. Goldenseal in world trade: pressures and potentials. Herbal Gram. 41, 51–53. Bedir, E., Lata, H., Schaneberg, B., Khan, I.A., Moraes, R.M., 2003. Micropropagation of Hydrastis canadensis: goldenseal a North American endangered species. Planta Med. 69, 86–88. Blumenthal, M., 1999. Herb market levels after five years of bloom: 1999 sales in mainstream market up only 11% in first half of 1999 after 55% in crease in 1998. Herbal Gram. 47, 64–65. Duke, J., 2001. Handbook of Medicinal Herbs. CRC Press LLC, Boca Raton, FL, pp. 238–247. Etienne, H., Berthouly, M., 2002. Temporary immersion systems in plant micropropagation. Plant Cell Tiss. Org. Cult. 69, 215–231. Hall, K.C., Camper, N.D., 2002. Tissue culture of goldenseal (Hytrastis canadensis L.). In Vitro Cell. Dev. Biol. Plant 38, 293–295. Liu, C.Z., Guo, C., Wang, Y.C., Ouyang, F., 2003a. Comparison of various bioreactors on growth and artemisinin biosynthesis of Artemisia annua L. shoot cultures. Process Biochem. 39, 45–49. Liu, C.Z., Murch, S.J., EL-Demerdash, M., Saxena, P.K., 2003b. Regeneration of the Egyptian medicinal plant Artemisia judaica L. Plant Cell Rep. 21, 525–530.
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