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Abstract :Hyoscyamus species is sources of the hypnotic and sedative drugs hyoscyamine and scopolamine.

Single cells of Hyoscyamus niger were dissociated from suspension cultures and adventitious roots obtained

from single-cell clones which were cultured on B5 medium containing 3% (w/v) sucrose, 0.1 mg/L IBA

and 0.4% (w/v) gelrite. H. niger adventitious root lines showed wide variation in tropane alkaloids

production and growth. An effective selection of 200 root lines was made possible by the application of

the ‘Dragendorff’s reagent’ for qualitative detection of the alkaloids from root. A high correlation

coefficient (r=0.9390) was observed between the values obtained with the two methods based on HPLC and

Dragendorff’s reagent analysis. Among the selected roots, the highest scopolamine content was 16.64 mg/

g DW (Hn-59), which was 8.82-fold more productive than the lowest alkaloid producing line (Hn-25).

Here, we established an efficient selection method on tropane alkaloids production and suggest that the

Dragendorff’s reagent is of great practical value in selection of invisible compounds.
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Introduction

Hyoscyamus niger is know to contain considerable

amounts of tropane alkaloids, which are parasympatholytic,

competitively inhibiting the neurotransmitter acetylcho-

line (Simomura et al., 1991). Plant cell and tissue cul-

tures are an interesting alternative for secondary metabolites

production (Shargool, 1985). There have many attempts

to produce hyoscyamine and scopolamine using cell cul-

tures, but the contents of these alkaloids in cultured cells

generally have been much lower than the contents found

in the original plants because of lack of differentiation

(Hashimoto et al., 1986). Furthermore, the identification

and quantification of these alkaloids on cell cultures

have not always been successful (Yamada and Hashim-

oto, 1982). Cell cultures produced only small amounts of

secondary metabolite compared to tissue or organ cul-

tures (Yamada, 1984). However, differentiated cultures

such as adventitious root cultures are considered to be

more stable than cell suspension cultures and could pro-

duce tropane alkaloids at higher levels than cell culture

and even whole plant roots (Maldonado-Mendoza et al.,

1992). Roots are the main site of tropane alkaloid bio-

synthesis, hence cultured roots are also capable of accu-

mulating high contents of these alkaloids (Lee et al.,

2005).

Invisible metabolites, such as produced from plant

cell and tissues were difficult to efficient selection of

high producing cell lines, without HPLC or GC anal-

ysis. These methods are problematic due to compli-

cated processing high cost and labor. Visual estimation

through color reaction with metabolites will facilitate

selection of useful secondary metabolites. Although the

applicability of Dragendorff’s reagent for quick alka-

loid assay was established, the efficiency of the pro-

cedure in selecting alkaloid producing cells remains to

be studied. Here, we report an efficient primary selec-

tion technique for scopolamine and hyoscyamine high-

producing root lines of H. niger using Dragendorff’s

reagent method. Also, this study points out that rela-

tively stable cell lines showing different levels of alka-
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loid production can be derived from a callus tissue by

isolating various cell clones.

Materials and Methods

1. Plant material and callus culture

H. niger plant was provided from National Arboretum,

Korea in 2000 and callus was induced from roots on B5

(Gamborg et al., 1968) medium supplemented with 3%

(w/v) sucrose, 1.0 mg/L 2,4-dichlorophenoxy acetic acid

(2,4-D) and 0.4% (w/v) gelrite. The obtained callus cul-

tures were established in above mentioned B5 liquid

medium supplemented with 1.0 mg/L 2,4-D. 1 g of cell

(fresh cell weight) was transferred in a 100 mL konical

flask with 20 mL medium a rotary shaker (100 rpm) at

25±2oC in dark condition. Medium pH was adjusted to

5.8 before the autoclaving at 121oC 15 min.

2. Single cell cloning and root regeneration

Suspension cultures were obtained from root derived

callus and were kept on a rotary shaker (100 rpm) in

dark at 25±2oC. The single cells were dissociated from

cell suspensions and filtered in screen mesh (# 300).

Passed single cells were gathered, and was cultured on

B5 solid medium supplemented with 3% (w/v) sucrose,

1.0 mg/L 2,4-D and 0.4% (w/v) gelrite. The cultures are

maintained at 25±2oC and dark condition.

The single cells were proliferate and formed cell

aggregates after 4 weeks of cultures. These aggregates were

cultured on root regeneration medium, which was B5

solid medium containing 3% (w/v) sucrose, 0.1 mg/L

indole butyric acid (IBA) and 0.4% (w/v) gelrite and cul-

tured at 25±2oC in the dark. Adventitious root obtained from

cell aggregate was cultured on above mentioned B5

medium containing 0.1 mg/L IBA. All the cultures were

maintained in darkness at 25±2oC and subcultured for 6

passages of 3-week interval.

3. Selection of high producing cell lines

Adventitious root tips (about 2 cm long) were subcul-

tured every 3 weeks and the rest were harvested,

weighed and analyzed using Dragendorff’s reagent

(Sigma Aldrich Co.) method, which was a little modified

from previous studies (Ogino et al., 1978). Adventitious

roots (50 mg FW) were squashed in the 96-well plate

and the added to 150 µL Dragendorff’s reagent. To

determine the changing of color, 10 µL of supernatant

was dropped on filter paper (Advantec Toyo No. 2).

Also, 100 µL of supernatant was transferred fresh 96-

well plate and measured the absorbance of the samples

with ELISA Reader (Bio-Rad, USA) at a wavelength of

UV 550 nm. 

After the visual estimation by Dragendorff’s reagent,

selected lines were extracted and analyzed tropane alka-

loids as little modified from Jung et al. (2002). The

hyoscyamine and scopolamine contents were measured

by high performance liquid chromatography (HPLC) (Gil-

son, France) equipped with Tosoh TSK gel ODS-80Ts

(10 µm, 4.5×250 mm, Tosoh) column. A mobile phase

consisting of acetonitrile : dipotassium phosphate (22 :

78, v/v) at a flow rate of 0.8 mL/min was applied. Alka-

loids were detected by monitoring the absorbance at 215

nm using a UV detector. The correlation coefficient (r)

of standard was 99.7% for hyoscyamine and 99.9% sco-

polamine, respectively. The tropane alkaloid concentra-

tions were calculated using a calibration curve compared

with the authentic standards and co-chromatogram of the

authentic standards and samples.

4. Stability of production of high producing root lines

The measurement was performed 6 passages. The

roots were later classified into three degrees according to

the tropane alkaloids productivity. Also, the growth of

root lines and their corresponding alkaloids contents

were determined every 3 weeks and averaged.

5. Statistical analysis

All above experiments were conducted in three repli-

cations. The data generated was subjected to statistical

analysis by using SAS for Window Version 6.12 (SAS

Institute Inc., 2001). The values represents standard to

evaluate the variations in alkaloid production.

Results and Discussion

1. Single cell cloning and root regeneration

Single cells were obtained from suspended cells by fil-

tering in screen mesh (#300) after 4 weeks of cultures

(Figure 1A). The single cells were cultured until cell

aggregates were sufficiently large enough to allow root

induction for 4 weeks (Figure 1B). Obtained cell aggre-

gates were transferred to B5 medium with 1.0 mg/L 2,4-

D, and then transferred to root regeneration medium.

Roots were initiated on B5 medium supplemented with

3% (w/v) sucrose and 0.1 mg/L IBA for 4 weeks in of

cultures (Figure 1C). Regenerated root lines presented

the characteristic traits with primary roots, extensive lat-

eral branching and a profusion of root hairs (Figure 1D).

The 200 root lines were obtained and successfully sub-

cultured for 6 passages of 3 weeks interval.

2. Establishment of Dragendorff’s reagent method

In preliminary study, authentic standards were used to

determine the relationship and a high correlation coeffi-

cient (r=0.9390) was obtained between the values mea-

sured by the two different analysis methods, HPLC and
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Dragendorff’s reagent method (Figure 2). A primary

selection test for adventitious root lines with higher yield

of alkaloids was carried out utilizing the Dragendorff’s

reagent method. The color reaction by Dragendorff’s

reagent with alkaloids offered a convenient handle to

select the desired adventitious root lines. The develop-

ment of orange-red color on the filter paper was taken as

a positive test for the presence of alkaloids in the root

tissue. The contents of tropane alkaloids were increased

in parallel with the extent of the deep color (Figure 2).

It is reported that this economical method could be

applied to the detection of not only Dragendorff-positive

alkaloids but also a variety of other compounds which

react with specific reagents to give color (Ogino et al.,

1978). This technique was devised to facilitate a rough

but quick estimation of the relative alkaloids quantity for

many number of root samples.

3. Selection of high producing root line

The 200 root lines were cultured on B5 solid medium

and their growth rates and alkaloid contents were deter-

mined (Figure 3). The corresponding supernatant was

transferred to fresh 96-well plate and absorbance of sam-

Figure 1. Induction of adventitious root lines by single cell cloning of H. niger. (A) Single-cell dissociated from suspension
cultures (×200) (B) Cell aggregates on B5 medium supplemented with 3% (w/v) sucrose and 1.0 mg/L 2,4-D after 4 weeks.
(C) Regenerated roots from cell aggregate on B5 medium containing 3% (w/v) sucrose and 0.1 mg/L IBA after 4 weeks.
(D) Proliferation of root on B5 medium containing 3% (w/v) sucrose and 0.1 mg/L IBA.

Figure 2. Correlation between HPLC analysis and Dra-
gendorff’s reagent method. UV value was increased parallel
with tropane alkaloid concentrations. High correlation
coefficient (r=0.9390) obtained from two different methods.

Figure 3. Fluctuation of tropane alkaloids production in
200 root lines. Tropane alkaloids were analyzed by UV
Reader at 550 nm, after reaction between Dragendorff’s
reagent and root tissues.
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ples was analyzed using ELISA reader at 550 nm, the

results showed quantitative variation in alkaloids among

the root lines. The alkaloid contents of 200 lines were

more or less fluctuated from 0.2 to 1.4 in the UV value.

Thus alkaloid production patterns varied qualitatively

and quantitatively in different root lines. Further, quan-

tification of the alkaloid content in the roots was ana-

lyzed by HPLC after subculture. The variability in

alkaloid production might be is probably due to their

genetic variability. The individual cells within a popula-

tion of cultured cells invariably show cytogenetic and

metabolic variations depending on the stage of the

growth cycle and culture conditions. Such variability,

termed spatial heterogeneity, has been the subject of

much interest since differences between cells in their

karyotype and the ability to accumulate secondary metab-

olites are manifested during morphogenesis in the clones

regenerated from single cells (Hall and Yeoman, 1987).

Because of the intercellular heterogeneity of secondary

metabolite production in plant cell cultures, the maxi-

mum metabolite concentration in individual cells of

strawberry is often more than 10 times higher than that

of the average concentration (Miyanaga et al., 2000). 

Cultured plant cells are heterogeneous and it is pos-

sible, therefore, to select for cells with a particular

desired property (Watanabe et al., 1982). It has been

suggested by the studies of single-cell clones derived

from Nicotiana rustica (Tabata and Hiraoka, 1976) and

Catharanthus roseus (Zenk et al., 1977) that the callus

cultures consist of heterogeneous cells which differ in

their production of alkaloids and that selections of single

cells are highly effective in increasing the alkaloid con-

tents of cell lines.

4. Contents of tropane alkaloids in selected lines

Of the 200 root lines, fifteen lines were selected for

further study and the total alkaloids contents of these

selected root lines were measured through 6 passages of

subculture. Fifteen root lines were ranked high, moderate

and low group as alkaloids productivity, each 5 lines.

The root growth and tropane alkaloids production

showed an inverse relationship (Figure 4).

Tropane alkaloids contents in the selected three-group

root lines were varied between 4.97 mg and 42.58 mg/

g DW and scopolamine contents from 2.09 to 16.64 mg/

g DW (Table 1). The content of scopolamine from high-

producing lines were 12.07 to 16.64 mg/g DW. The con-

tent of scopolamine from the highest was 16.64 mg/g

DW it is and 8.82-fold more productive than the lines

Hn-25, the lowest producing line.

Repeated selection of highly productive cell lines is an

important strategy for the production of useful secondary

metabolites by cultured plant cells (Yukimune et al.,

1992). Similar result was reported by Maldonado-Men-

doza et al. (1993); that is, the time courses for growth

and alkaloids production in Datura hairy root lines

pointed out the well-established relationship between

lower growth rates and high levels of alkaloids accumu-

lation in cultured tissues. In the literature H. muticus is

generally considered as a plant that produces hyos-

cyamine especially, scopolamine being a minor alkaloid

(Grieve, 1977). In our experiments the mean content of

hyoscyamine was also found to higher than the mean

content of scopolamine in selected lines and alsoreported

by Oksman-Caldentey et al. (1987). In addition, the

Figure 4. Relationship between growth and scopolamine
content in selected root lines. Fresh weight was determined 3-
week interval and the root growth and tropane alkaloids
production showed an inverse relationship. The error bars
indicate standard deviation (SD) from the mean of each
replicate group.

Table 1. Alkaloid contents of adventitious root lines made
after 6-passage of subculture in H. niger.

Group
Selected root 

lines

Scopolamine
content 

(mg/g DW)

Hyoscyamine
content 

(mg/g DW)
S/H ratio

High

Hn-13 12.07 26.64 0.45

Hn-59 16.64 25.93 0.64

Hn-106 13.83 22.19 0.62

Hn-111 15.77 20.19 0.78

Hn-173 12.18 19.17 0.64

Moderate

Hn-26 5.68 10.05 0.57

Hn-58 5.72 16.60 0.34

Hn-93 5.57 11.23 0.50

Hn-118 5.88 6.25 0.94

Hn-171 5.55 12.61 0.44

Low

Hn-25 2.09 2.87 0.73

Hn-108 2.11 9.21 0.23

Hn-127 2.40 9.43 0.25

Hn-194 2.27 5.54 0.41

Hn-195 2.09 5.05 0.41

Selected root lines were ranked three groups as tropane alka-
loids productivity. The hyoscyamine contents were more than
scopolamine contents in selected lines of H. niger.
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morphology of H. niger root lines was variable. How-

ever, the alkaloids contents and root growth are not cor-

relate to their morphology (data not shown).

5. Stability of tropane alkaloids level in selected lines

To examine the stability of the selected root lines dur-

ing long-term subculture, their tropane alkaloids contents

were measured at consecutive transfer generations. The

tropane alkaloids contents of the tested lines more or

less fluctuated through a subcultures. Figure 5 showed

that selected adventitious root lines present a very high

stability for alkaloids production after subsequent sub-

cultures. In this study, we established the high tropane

alkaloids producing line that was stable for more than 6

successive subcultures.

In previous studies, transformed hairy root clones of

Hyoscyamus species produced high tropane alkaloids

contents (Jouhikainen et al., 1999). For example, they

selected the best clone produced about 17 mg/L scopo-

lamine, which is over 100 times more than the untrans-

formed roots. In our experiment, the highest scopolamine

content (16.64 mg/g DW) was achieved with H. niger

by repeated selection and that is considerably high level,

also the hyoscyamine content was very high. Therefore,

we think it could be able to bioconversion from hyos-

cyamine to scopolamine, the final product. On the other

hands, Moyano et al. (2003) have reported transformed

roots of Hyoscyamus accumulate much higher hyos-

cyamine amounts, whereas scopolamine contents were

very low (lower than 0.2 mg/L). In plant cell cultures,

the high production trait is generally accepted to be

often unstable during a long term culture. This phenom-

enon obviously raises a major problem for the commer-

cial production of secondary metabolites by plant cell

cultures. Shinsuke and Verpoorte (1993) reported that

the hypothesis (genetic variation and cell selection the-

ory) was proposed to explain the variation (heterogeneity

and/or instability) for the production of secondary metabo-

lites during the culture period, and they discussed the

possible mechanisms for the variation from the view

point of genetic variation and cell selection.

In conclusion, we confirmed that the Dragendorff’s

reagent method could be used as a practical technique

for an efficient selection of high tropane alkaloids-pro-

ducing root lines. Thus these seem a promising approach

to improve the production of useful secondary metabo-

lites from plants and biosynthesis study.
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