92

Using Tissue CultureTechnique
for the Production of Cardiac Glycosdes From Roots of Digitalis
purpurea L Plantlets

(Var .Excelsior Mixed)
Zeinab J. Aawad* ,Ekbal H. Al- K hateeb*
Received 10-7-2004  Accepted 5-7-2005

ABSTRACT

The present study was performed using the tissue culture technique , where by roots formation was
stimulated shoot tips of Digitalis purpurea L plant using auxins in this study ,shoot tips (1cmlength )
were excised from sterilized seedlings of Digitalis purpurea L.Var Excelsior mixed , then they were
cultured on MS medium with the addition of one of the auxins IAA, IBA ,NAA of different
concentration (0.0 ,0.05,0.1,0.5and 1.0mg/L).
After 45 days of starting the culture results showed that the treatment 0.5 mg/ L of IBA had a high
significant effect on the dry weight of roots formation and containing Digitoxin and Gitoxin whose
quantities as a rate of ( 2.96 gm, 30.01 and 11.05 pg/gm dry weight respectively .Also this treatment
has given highest values with the other studied characteristics where the percent of the soluble sugars
and starch and they are ( 2.48 % , 2.82%) respectively
Abbreviation
(Indole Butyric Acid )IBA , ( Indole Acetic Acid )IAA , ( Murashige and skoog medium , 1962 )
MS, (Naphthalen acetic Acetic) NAA , ( Milligram) Mg, ( Microgram)ug, (Litter ) L , (Gram)
gm.
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INTRODUCTION
Digitalis purpurea L is one of the
herbal plants, belonging to the scrophularaceae

Digitalis purpurea has a great benefit in
the medical and pharmacy fields because it
contains cardiac glycosideswhichare found in

family. This plant is considered to be one of
horticultural plants and it is planted as an
ornamental in the garden for its beautiful
flowers and coordinationaswell as its various
colours @ .

all of its parts especially the leaves @. These
compounds are used to heal some of the
important heart diseases like congestive heart
failure ®. Because of their interest and demand
in the medical field and due to the possibility
of the
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industrializing them in  chemically or
microbiologically, so the only method
available to get these compounds is in the
agriculture production ¢*’ . From  this
importance, many pharmacol ogical,
chemical and agriculture researches were
carried out to study this plantin order to raise
its contents for these compounds via using
modern technologies like cell , tissue and plant
organ culture ©, via the usage of this
technology different explants can be cultured
and stimulated to different growth in order to
be a permanent source for these important
medica compounds without beingrestricted to
the environmental conditions as well ascleans
of the pharmaco which could be obtained ©.
So the aim of the present study performed in
the tissue culture field isto :-

stimulate the shoot tips of Digitalis purpurea
plant to form roots
by adding different kinds and concentrations of
auxins to MS medium, and then we can benefit
from the formed roots to be a source for
demanded cardiac glycosides Digitoxin and
Gitoxin .

MATERIALSand METHODS

The present study contained the following :-
Fir4 - Tissue Culture of the Plant
Digitalispurpurea.

The work went through the following steps -:

L.Initiation a tissue culture:

That is, initiating a specific culture empty of
any contamination, so that it would be a source
for shoot tipswhich are desired to be cultured
and that was performed by preparing a sterile
medium for culturing the seeds which contain
merely distal water and agar ?, whereby difco
— bacto —agar kind was used with 6 gnvL,
whichwas added to distilled water.

Then the heating process was performed till
boiling with the use of magnetic stirrer hot
plate machine, after that the medium was
distributed
in glass test tubes with a capacity of 25 x 180
ml and a quantity of 10 ml
for every tube then they were covered with
special coverletand autoclaved inautoclave at
a temperature of 121°C, pressure 1.04kg/cm?,
for 20 minutes , after disposing , then it was
left to be cooled until the time of its culture.
Next the seeds of the plant Digitalis purpurea
variety excelsior mixed which was demanded
for the culture is sterilized inside alaminar-air-
flow cabinet with the 70% ethyl alcohal , for
30 sec ,then rinsed with distilled sterilized
water three times for 5 min for every time ©.
Finishing this process the seeds were cultured
and distributed upon the prepared medium
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surface. Then they were transmitted to the
growth room under controlled - environmental
conditions, 25 + 2°C temperature, and photo
period 16 hour/day with the severity
amounting to 40 — 60 micro inshtain /m? sec.
After 14 day , there were seedlings in which
the demanded shoot tips in them were ready to
be amputated and cultured .

2 - For mation the roots

This process was demande : -

A-Preparation the Nutrient Medium MS
(table 1) .

This was performed with the stock solution
preparation, then the content was merged with
the requested size and to which one of the
auxins |AA, IBA, NAA were added in
different, concentrations (0.0, 0.05, 0.1 ,.0.5
and 1.0 mg/L). The size is completed with
distal water and the pH was adjusted to 5.5
with the used of 1 N NaOH and HCI. Next
agar was added ina concentration of 8gm/L
and solution it as in 1 .These media were
distributed into glass test tubes with capacity
of 25 x 180 ml and quantity of 25 ml for every
tube. The tubes were covered with special
coverlet and sterilized in an autoclave at
121 °C, and a pressure of 1.04 kg/cm2 , for 25
min period of time. After disposing them ,they
were left to be cooled at room temperature
until the nutrient media were solid ready to be
used in culture.

B- Shoot tips from seedlings were isolated
and cultured with one tip in every tube and
cultures were incubated under controlled
environmental conditions as in | for 45 days
for the shoot tips to roots .



Table (1): Composition of the M'S nutrient

medium ©
Compound Concentrate
(mg/L)
MgS0O,.7H,0 370
CaCl»2H,0 440
KNO; 1900
NHANO; 1650
KH,PO, 170
FeSO,7H0 2785
Na,EDTA 37.25
MnS0O,44H,0 223
ZnS04.4H,0 8.6
Cu S04.5H,0 0.025
CoCl,.6H,0 0.025
Kl 0.83
H3BO4 6.2
Na;M00O,42H,0 0.25
Inositol 100
Nicotinic acid 0.5
Pyridoxine — HCI 0.5
Thiamine — HCI 0.1
Glycine 2
Sucrose 3000

Second - Prepar ation the r ocots for

chemical analysis.

After finishing the assumed incubation
period necessary for rooting in the culture
media, the formed roots had the following
characteristics:

1- Percent of the rooting.

2- Estimation of the dry weight, The roots
mass was disposed into the culture tubes and
washed with flowing water to get rid of the
agar residues congl utinated to it, thenwiped
with clean cloth to get rid of the washing
water, and then the root samples were
differentiated and spread out on the filter
paper, to be dried in the oven at 40°C until
the weight affirmation (X0 , Later samples
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were grinder to a hard powder and kept in
paper sacks, in dry condition (closed
disicator ) and dark place

3- The ratio percent for the soluble sugars
and starch were estimated according to the
Joslyn ™ method .

4- Extracting and pur ifying the car diac
glycosides, here used the Fujii etal , @
method .

5-T he qualitative and quantitative
assay for the studied cardiac
glycosides, were done by using high
performanceliquid chromatography (HPLC)
following Bragaetal , ™ method .

The data were arranged with the above
Studied characteristics ( 1 , 2 3 ,5)
following the complete randomize design in

a
factorial experiment (14) .

RESUL TSand DISCUSSION
1- The Rootsformation.

Table-2 showed that stimulated the shoot
tips of Digitalis purpurea plant to form roots
for the control treatment (0,0 mg/L) and for all
the auxins concentrations which were used
except 1 mg/L NAA concentration which had
lead after 25 day of starting the culture to the
death of the cultured shoot tips, where in this
table showed should that the rooting ratio was
100 % for the control treatment and for all the
I1AA concentrations and (0.01, 0.1,
0.5) mg/L concentrations for IBA, and
(0.05,01) mg/L for NAA, whereas 1 mg/L
concentration for IBA and 05 mg/L
concentration for NAA the ratio of rooting was
decreased and significantly different from the

other studied treatments .




Table (2): The effect of the interference
between |AA, IBA, NAA and their
concentrationson the rooting ratio for the
shoot tips of Digitalis purpurea plantlets

Concentration Rooting %
mg /L i
Auxins

IAA | IBA NAA
0.0 100 100 100
0.05 100 100 100
0.1 100 100 100
0.5 100 100 30
1.0 100 70 0.0***

L.SD 5% 20.03

***All the shoot tips are dead

Digitalis purpurea plantlets
stimulating root formation in tissue culture is

usually controlled by many factors such as:-
Presence of growth regulators auxins, whether
it could be a natural auxin, that was, naturally
found inside the plant tissue or added to the
nutrient medium ®. Its physiological effect
then, would be increase in cell division and
transformion to meristem cells. In this case
adventitious root meristem will have cell
division to form the adventitious roots ™. In
the results of our study mentioned intable 2, it
was noticed that :

In the control treatment (non - addition of
auxins to the nutrient medium), the rooting
process happened this might be due to
existence of the natural auxin inside the shoot
tips used for culture, and it might be that, this
natural auxin was present in a quantity that
helped and stimulate root formation, or
otherwise, to the nutrient medium MS used,
which probably helped to made root growth
and development like P element, which in turn
will have arole in stimulating root formation,
and N element which will help to increase
internal auxin concentration because this
element involved in auxin composition a So,
naturally internal auxin
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concentration increase will affect root
formation. More over sucrose has a role in
root formation because it will be a source of
necessary energy for this process ™. All what
is mentioned above would be interlinked to
affect stimulation of root formation. Similar to
the result of root formation stimulation without
any external additions for the nutrient medium
appeared in previous studies upon Digitalis
plant like the study performed by Awad et al.
@ Brisa and Segura®.
As for auxins types and concentrations added
to the MS nutrient medium, affecting to root
formation, the reason might be due to what is
mentioned above about control treatment as
well as to the known role of these auxins in
stimulating root formation.

In comparison to the results found by
schoner and Reinhard @,
the difference considerably in this study lies
in:-

The number of the roots formed as they

were very numerous and slim, and greatly
attached to one another as in figure 1, that’s
why it was not possible to count them and
measure their lengths, which may involve
other characteristics , and when their data are
taken, they will help us to maintain more
clarification for the difference between effect
of types and concentrations of auxins upon
root formation , growth and development.
Hence, some differences appeared in other
characteristics which were cleared and would
be mentioned in 2.
As for the high concentrations at which
rooting ratios were decreased or cultured shoot
tips were dead, the reason might be due to that
these high auxin concentrations were
encouraging to made an increase in ethylene
construction in cultured explants tissue,
consequently it will lead to the frustration in
their growth and devel opment .

*** All the shoot tips are dead



Figure (1) :- Effect of different auxins on

root formation from shoot tips of Digitalis

purpurea L .Result were obtained after 45
day inculture

2. The production of cardiac
glycosides , soluble sugar and
starch.

Table 3 shows that the auxins
concentrations which were used to stimulate
root formation, had a positive and significant
effect on the production of cardiac glycosides
compared, with the control treatment,. Which
could be due to increase the auxin level inside
the cultured explants .This might help to make
more development in most of the cell
components like vacuoles and mitochondria ,
which have a role in cardiac glycosides
formation @,

As for the other characteristics especially
soluble sugars and starch

(table 4), it was studied because of the
references made by many other workers ,
showed a positive effect on production of the
cardiac glycosides in tissue culture ®:-

They have shown that these characteristics
have a positive relation with the quantities
formed from the cardiac glycosides.

The results of our study intable 4, showed
that the auxins concentrations which
stimulated root formation, had significant
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effect upon increase of the percent for the
soluble sugar, starch and total dry weight
compared with the control treatment. The
general reason is due to the role of the known
auxin in forming these compounds @, so far
the increase in auxin concentration inside
cultured explant tissue, with the effect of
added auxins, to the nutrient mediumwill lead
consequently to make an increase inthe results
of the different metabolic processes inside
cell , like sugars and starch formation and this
will be reflected positively

upon cardiac glycosides formation @, All this
made an increase in the dry weight of the roots
formed.

Table 3 and 4 clarify that the IBA had a
greater effect upon the studied characteristics
in comparison to IAA and NAA , the reason
might be due to the strong effect of IBA
caused by its slow .

decomposition by the oxidative enzymes
which had little poisnous , slow transference
and then it stays near its place of addition. As
for the IAA

it was distinguished for its weakness
because of its high oxidation by light and
some of the oxidative enzymes for auxininside
plant and more than IBA and NAA ®. As for
Img/L of NAA which led to the death of
cultured shoottips , the reason might be due to
the high poison which was known for NAA
appearing within litle concentration compared
with IAA and IBA @, The poisonous
concentrati ons of auxins usually lead to rel ease
high quantities of ethylene which lead to quick
and un regulated cell division and then to
release the destructive enzymes for the cell
components which consequently lead to their
death @,

Accordingly, in our experiment the
treatment which consisted of IBA auxinin 0.5
mg/L concentration was the best regarding
formation of dry weight of roots besides
containing the studied cardiac glycosides
(Digitoxin and Gitoxin) and soluble sugars and
starch..
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Table ( 3) : The effect of the interference between the auxins IAA , IBA , NAA and their
different concentrations on production of the cardiac glycosides in roots of Digitalis purpurea
plantlets.

CARDIAC GLYCOSIDES (pG /G DRY WEIGHT)
CONCENTRATI
OMG/L Digitoxin Gitoxin
Auxins Auxins
1AA IBA NAA 1AA IBA NAA
0.0 0.87 0.87 0.87 0.31 0.31 0.31
0.05 437 10.31 3.77 0.51 6.44 0.58
0.1 457 18.92 1.77 1.60 5.77 0.16
0.5 7.97 30.01 054 2.36 11.05 0.07
1.0 741 11.89 5.09 8.81
0.0 0.0
L.S.D.5% 211 1.92

*** All the shoot tips are dead

Table (4) : The effect of the interference between the auxins IAA , IBA , NAA and their
different concentrations on the roots of Digital pur purea plantletsaccording to :- the contents
( soluble sugars and starch ) and total dry weight .

CONCENTRATION | SOLUBLE SUGARS % STARCH % DRY WEIGHT (G)
MG/ L
Auxins Auxins Auxins
1AA IBA NAA IAA | IBA | NAA | |AA | IBA NAA
0.0 1.10 1.10 1.10 154 | 154 | 154 | 019 | 0.19 0.19
0.05 1.28 1.41 1.34 161 | 166 | 134 | 107 | 1.18 0.83
0.1 1.32 1.82 0.71 211|213 | 080 | 1.27 | 1.38 131
0.5 1.36 2.48 0.14 207|282 | 054 | 181 | 296 0.59
1.0 1.91 2.15 *Ax 221 | 234 | *** 1.72 | 1.93 *Ax
0.0 0.0 0.0
L.S.D 0.07 0.12 0.17

*** All the shoot tips are dead
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