
Subscriber access provided by ISTANBUL TEKNIK UNIV

Journal of Natural Products is published by the American
Chemical Society. 1155 Sixteenth Street N.W., Washington,
DC 20036

Enhancement of Dihydrosanguinarine
Production in Suspension Cultures of

Papaver, bracteatum, I. Medium Modifications
Rhonda Lecky, Ingrid Hook, and Helen Sheridan

J. Nat. Prod., 1992, 55 (10), 1513-1517• DOI:
10.1021/np50088a019 • Publication Date (Web): 01 July 2004

Downloaded from http://pubs.acs.org on April 4, 2009

More About This Article

The permalink http://dx.doi.org/10.1021/np50088a019 provides access to:

• Links to articles and content related to this article
• Copyright permission to reproduce figures and/or text from this article

http://dx.doi.org/10.1021/np50088a019


Journal of Natural Products 
Vol. 55 .  No. l0 ,pp .  1513-1517. October 1992 

I513 

ENHANCEMENT OF DIHYDROSANGUINARINE PRODUCTION 
IN SUSPENSION CULTURES OF PAPAVER BRACTEATUM, I. 

MEDIUM MODIFICATIONS 

RHONDA LECKY, INGRID HOOK,+ and HELEN SHERIDAN 

Dqkrtment of Pharmacognosy, Schwl of Pharnrary, 18, Sbrrwrbrrry R a d ,  Dublin 4 ,  Inland 

ABSTRACT.-A suspension culture of Papaw bramarun was developed, which initially 
yielded high levels (>2.55% of dry wt) of the benzophenanthridine alkaloid dihydrosan- 
guinarine 111. This productivity has been lost on repeated subculture. In an attempt to improve 
alkaloid yields modifications in the concentrations of various minor constituents present in the 
culture medium were evaluated. The vitamins thiamine and pyridoxine and the microinorganic 
constituents cobalt, manganese, zinc, and copper were examined at 0.5, 2.0, and 4.0 times 
their concentration normally present in the modified Murashige and Skoog medium. Only c o p  
per when added at 2.0 and 4.0 times the control concentration significantly enhanced alkaloid 
yields. A fourfold increase was noted when twice the copper concentration was included in the 
medium at subculture, while a doubling of yields resulted from a fourfold copper concentration 
added during active cell growth, on day 14 of the growth cycle. 

Suspension cultures developed from 
seeds of Papaver bracteatturn Arya I1 Lindl. 
(Papaveraceae) were found to produce 
the benzophenanthridine alkaloid di- 
hydrosanguinarine 113 as major secon- 
dary metabolite (1). Benzophenan- 
thridine alkaloids are known to have 
many pharmacological activities (2-5),  
with sanguinarine 127 showing antifun- 
gal, antiprototoal, antibacterial, and 
cytotoxic effects (2) and dihydrosan- 
guinarine having antibacterial activities 
(3). Compound 2 is of current commer- 
cial interest as an effective antiplaque 
agent for use in various oral healthcare 
products (6). Several recent publications 
have evaluated the commercial produc- 
tion of 2 from cell cultures of Papaver 
sornngmrn (7-9). However, as san- 
guinarine can also be formed from di- 
hydrosanguinarine (lo), cell cultures 
able to give high yields of 1 may have 
potential for commercial exploitation. 

Newly established cultures of P .  brac- 
teatturn (cell line NB**) were initially 
found to produce dihydrosanguinarine 
E l ]  in yields frequently in excess of 
2.55% (dry wt). Alkaloid production 
was found to show considerable variation 
during the first 18 months of culture but 
since then has been relatively stable at 
ca. 0.55% (Figure 1). Similar variabili- 
ties and losses in alkaloid productivity 
have been reported with other non- 
selected plant cell cultures on repeated 
subculture ( 1  1). In order to enhance the 
production of 1, the concentrations of 
several minor constituents of the culture 
medium were modified and their effects 
on cell growth and alkaloid formation 
assessed. The constituent concentrations 
examined were half, double, and 4 times 
those normally present in the modified 
MS medium used as control. 

The effects of the vitamins thiamine 
and pyridoxine were evaluated. Our re- 
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FIGURE 1. 
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Dihydrosanguinarine 111 production by suspension 
cultures of Papaw bractcaturn (cell line NB2*) during a 
3-year period of serial subculture in a modified MS 
medium. Cells were subcultured at 28day intervals by 
transferring ca. 2 g (fresh wt) of cells into 100 ml 
medium. 

sults show that their presence in the cul- 
ture medium at varying concentrations 
does not significantly affect culture 
growth or alkaloid yields. The require- 
ments of plant cell cultures in general for 
these vitamins have not been clarified 
(12). 

The following secondary mineral ele- 
ments were also examined: cobalt, man- 
ganese, zinc, and copper. The results ob- 
tained indicate that varying the medium 
concentrations of cobalt, manganese, 
and zinc does not significantly affect cul- 
ture growth of P. brarteatum or alkaloid 
yields. Although these metal ions are all 
known to be important catalysts in a va- 
riety of enzyme reactions, our results un- 
derline the fact that their exact require- 
ments for plant cell culture growth and 
secondary metabolite production are un- 
certain (12,13). Copper was the only 
microelement for which increased con- 
centrations in the nutrient medium sig- 
nificantly enhanced alkaloid yields (% 
dihydrosanguinarine) without affecting 
growth (dry wt). Doubling the concen- 
tration of copper present in the nutrient 
medium at the beginning of the growth 
cycle (day 0) produced a 4-fold increase 
in dihydrosanguinarine yield at harvest 
(day 28) (Figure 2a). Assessment of the 
optimal time for the addition of extra 

metal ions to the culture is crucial for 
maximizing alkaloid formation. For this 
a separate experiment was carried out 
where copper at two concentrations was 
added to the cultures at two stages of the 
growth cycle: on day 14 (representing 
exponential phase) and day 21 (repre- 
senting stationary phase). From results 
shown in Figure 2 it is obvious that for 
enhanced alkaloid yields copper must be 
present at the beginning of the growth 
cycle or during the period of active cell 
division and growth (up to day 14) (1). 
Once the culture is in its stationary 
phase (after day 21) additional copper 
does not affect alkaloid production. 

In some plant cell cultures addition of 
various heavy metals (14,15) including 
copper (16,17) to the growth media have 
been reported to induce secondary 
metabolite formation. This enhance- 
ment has been referred to as “elicitation” 
and the metals involved as “abiotic 
elicitors.” The precise molecular signal 
involved in elicitation is not yet clear. 
However, in the biosynthesis of various 
benzophenanthridine alkaloids the addi- 
tion of biotic elicitors of microbial origin 
have been found to increase the activity 
of some key enzymes involved in their 
formation, including tyrosine decar- 
boxylase (18), DOPA decarboxylase (9), 
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FIGURE 2.  Effects on growth and dihydrosanguinarine fl] yields produced in Papanrbrrrrturtrrn suspen- 
sion cultures by various concencrations of copper added (a) at subculture (day 0) and (b) on 
day 14 or 2 1 after subculture. Cells were harvested on day 28 (dry wt g/50 ml medium; val- 
ues shown are the mean of four replicates * SD *p<O.OS). 

and protopine-6-hydroxylase (19). This examined. From the results it can be 
latter enzyme catalyzes the formation concluded that addition of extra copper 
from protopine of 6-hydroxyprotopine to the nutrient medium of actively 
which then undergoes a spontaneous dividing and growing P. bracteuturn sus- 
non-enzymatic rearrangement to 1. The pension culture leads to the enhanced 
effect on the copper-requiring enzyme production of 1. This most likely repre- 
dopamine hydroxylase (20) has not been sents an example of medium optimiza- 
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tion and not elicitation. Berberine al- 
kaloid production in cultures of Coptis 
japonica can similarly be maximized by 
cultivation in a Linsmaier and Skoog 
medium supplemented with 10 times 
the normal concentration of copper (2 1). 

EXPERIMENTAL 
CULTURE CONDITIONS.-~uSpensiOn CUI- 

tures were derived from seeds of P .  hartcaturn and 
grown in a modified Murashige and Skoog (MS) 
medium as described by Hook et a f .  (1). Seeds 
were obtained from Division of Narcotic Drugs, 
United Nations, Geneva, Switzerland. A voucher 
specimen is deposited in the Herbarium, Botany 
Deparcment, Trinity College, Dublin, Dublin 2, 
Ireland. For medium modification experiments, 
cultures were grown in 100-ml conical flasks con- 
taining 50 ml of medium and harvested after 28 
days by suction filtration. Fresh cells were dried 
in a fan oven at below 40” for 48 h prior to weigh- 
ing and extraction. 

PREPARATION OF VARIED MEDIA.-AII trace 
metals and vitamins used as variants were normal 
components of the modified Murashige and 
Skoog medium. The variations of concentrations 
used in the experiments were 0.5, 2.0, and 4.0 
times the normal concentration of each. Only one 
constituent was varied at a time. Cells were added 
to varied media at subculture (day 0) and grown 
for 28 days. Only in a follow-up experiment for 
copper were additional metal ions (X2.0 and 
X4.0 the concentration originally present in the 
medium) added on days 14 and 2 1 after subcul- 
ture. All tests were carried out in quadruplicate 
and compared to controls of the normal modified 
MS medium. 

PREPARATION O F  ALKALOIDCONTAINING 
Exmcrs.-Dried,  powdered cell material (0.5 
g) was extracted twice with EtOAc (for 2 h with 
50 ml and 1 h with 25 ml) followed by MeOH (for 
2 h with 50 ml). Extracts were filtered and the 
filtrates evaporated to dryness under vacuum. T h e  
EtOAc and MeOH residues were dissolved in 
MeOH (hplc grade) and used directly for hplc 
analysis. 

HPLC PRocEDura.-The samples were 
analyzed on a Spherisorb 10 ODS column 
(250 X4.6mmi.d.)withaKontron600hplcin- 
strument fitted with a BIORAD UV monitor. 
The samples were eluted with a solvent system of 
25% aqueous (NH&CO, (0.3%) in MeOH at a 
flow rate of 2 mumin, with detection at 285 nm. 
Dihydrosanguinarine present in the extracts was 
quantified by comparison against calibration 
curves prepared daily from pure reference al- 
kaloid. Amounts present in EtOAc and MeOH 

extracts were summed to give a total alkaloid 1 
content. 

ALKALOID 1 IDENTIFICATION.-Dihydro- 
sanguinarine was previously identified as the 
major alkaloid produced by these cell cultures (1). 
As this alkaloid cannot be purchased it had always 
to be isolated and identified according to the 
methods indicated by Hook et a(. (1) prior to its 
use as the hplc reference. Its identity in culture 
extracts was confirmed for each set of experiments 
by tlc and hplc retention data as well as co- 
chromatography of the pure alkaloid with a sam- 
ple extract. 

STATISTICAL ANALYSIS.-A complete ran- 
domized block was the experimental design. Data 
were subjected to analysis of variance and Stu- 
dent’s t-test. 
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