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Callus cultures were developed from
Hyoscyamus muticus seeds and stem or leaf
mtart%. The culture grows and matntains
well in a number. of culture media. Alka-
lotds were produced in all cultures. Chro-
matographic investigation of the alkaloid
composition revealed the presence of hyos-
cyamine and scopolamine, together with an
unidentified alkaloid. Quantitative estim
ation of the total alkaloids was done Dby

the actid-dye complex spectrophotometric
technique.

Hyoscyamus muticus and other members of the family So-

lanaceae are important both medicinally and pharmaceutically

for their content of various tropane alkaloidsl-s. Of all

the plant families, tissue cultures of solanaceous plants are

the most studied, since White in - 1934 started tissue cultures

of~Tomato plants4 and Novecourt in 1938 initiated tissue cul-

O : : :
tures of Solanum ., Since then, tissue cultures of various

solanaceous plants have been developed and several suitable

’ ' . | . 6
media have been perfected e.g. White s Tobacco medium for
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Tobacco and several other media for Atropa belladonna7-8,
: D, : : : .
Datura stramonium , and Withania somnlferazo tissue

cultures.

Suitability of solanceous tissue sultures for prod-

ucing various constituents has been studied, These 1include

production of diosgenin in Solanum xanthocorpeem tissue
11 12-13 14

cultures ", nicotine and acopoletin in Nicotiana
tabacum, tropane alkaloids both 1in ‘t:u.=.1lac:ltcm*na%"8 and
3 [ L4 L 4 d
Datura tissue cultures and anaferine, sterols and lipids
10 '

in Withania

H. muticus, a shrub indigenous to Egypt, 18 known to
produce as high as 1.57%7 of the alkaloid hyoscyaminel_s. No

reports on the production of alkaloids in H.muticus tissue

cultures could be traced in the literature,

It was thus found intriguing to undertake the present
investigation for the development of H.muicus tissue cultures

and to study their ability to produce hyoscyamine. This was

undertaken in a trial to provide alternative means for the

production of this important medicinal agent.

: RESULTS AND DISCUSSIONS

Hyoscyamus muticus callus cultures grow well and fast

in all media investigated. All media (Table 1) contained

approximately equivalent macro-and micro components, though
in different quantities, but differ in types and concentra- .
tion of vitamins, auxins and kinetin. It has been reported
that the relative concentration of auxins and kinetin in the

culture medium, affect to a great extent the degree of diff-

erentiation of tissue36 and may influence the biochemical
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synthetic ability of the culturelz_lg.

H.muticus tissue culture was started in the pres-

6_15 ’ ’
, either from seed ————— gterile seed- .

cribed fashion
ling = callus cultures or from stem or leaf-midrib
and was maintained by serial transfer to a fresh medium
every 3-4 weeks, initially for the first three genera—"

tiongand then every 2 weeks thereafter. Cultures grow

best on NAX medium (Table 1): these also showed the most
differentiation with one or two small plantlets per callus - ;
culture., The characters of the callus cultures obtained

in various media are described below. ]

Callus Cultures from Stem or Leaf Midrib:

»

Best and fastest growth was observed on NAX medium.
This required serial transfer every 3 weeks at the begin-
ning . After a few transfers, it showed occasional diff-
erentiation into a small plantlet, one or two per flask,
The 4X medium was also suitable, but growth of the callus
cells was slower and the cells were darker, being greyish

brown . After a few serial transfers, callus cultures

grow a little faster.

Callus Cultures from Sterile Seedling:
Best growth was on LS medium giving a white callus

that grows fast, while growth on NAX medium was slow with

a little brown callus formation and almost complete diff-
erentiation into plantlets. Subsequent serial transfer of

the callus crust produced on NAX medium speeded up the
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growth and resulted in a culture very similar to that

started from stem or leaf midrib.

In one experiment, callus obtained from seedling
on LS medium being the fastest and best from seedlings,
was transferred separately to various media namely:

. LS, NAX, 4X and VM media. The following observations

were observed:

a. LS medium:

Showed normal growth, somewhat slow, giving a gre-

yish white callus.
= b. NAX medium:
Similar to LS but somewhat slower.
Ce 4X medium:

Results 1n a more grey callus with a faster growth

than on LS medium.
d. VM:
Callus grows faster giving a yellowish grey callus,

Each of these callus cultures was maintained on 1its

respective medium, through serial transfers every 3-4

I}

weeks (at the beginning), then every 2-3 weeks as neces-
sary.

Thin—-layer chromatographic investigation of the alka-
loidal extracts of various cultures proved that most such .

cultures produced hyoscyamine with a trace of scopolamine,
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In addition, an unknown more poclar, not vyet identified,'
alkaloid is produced in NAX, VM and 4X media grown call -
uses (See Figure 1 &2), All LS cultures Investigated
produced only hyoscyamine. The results of the quantita-
tive estimation using the acid-dye complex formation
spectrophotometric technique (Table 2), proved that NAX
and LS media provide more optimum medium composition for
growth and alkaloid production. Callus collection after
the third generation provides the highest alkaloidal
content. Total alkaloidal content as high as 1.37% w/w
on a dry weight basis is possible on the two recommended
med1ia,

The decrease in the alkaloidal content after the
third genmeration may point out to the possibility that
the low alkaloid producing cell lines grow faster than
high yielding cell lines and thus the latter are taken

over gradually.

Cell-line selection will be performed in future stuy-~

dies according to the procedure applied to Tobacco cult-
tures by Ogino EEELZU to selct cell lines of highest

alkaloid productivity. Perhaps, it would be possible to
select cell-lines that produce specifically a single trop-
ane alkaloid, either hyoscyamine or scopolamine and in

relatively high concentrations, Thus H.muticus cultures

il

may serve as a suitable technique for the commercial

production of these alkaloids,

Future 1nvestigation would also be directed towards

identification of the unknown alkaloid produced in H.muticum

tissue cultures and to undergo investigations for improve-

ment of the yield of the produced alkaloids.,
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EXPERIMENTAL

H. muticus seeds were of good viability and geminated

in one week's time after being planted.

Starting Tissue Cultures from Stem or Leaf Midrib:

A part of the seeds was allowed to germinate in normal
soll., Plants, one month old, were used for this study.

Apical part of the plant including leaves, stem and growing
6

tip were surface sterilized by soaking in alcohol (2 min),
2% NaOCl soln., dil. HCl (10 min) and then washed thoroughly
with sterile dist. water. The leaf midrib and stem were
sterily separated and split lengthwise into halves. The
pieces were then placed on the top of an agar plate of the
respective medium (either NAX, 4X, VM or LS medium and in-
cubated at 30°C for 3 weeks or until suitabie callus (if any)
is produced. The callus was then transferred into a fresh
medium and allowed to grow in the incubator. Once the callus

is formed, it 1s then maintained and propagated as usual, as

in microbiological work,

Starting Tissue'Cultures'ffdm'SteriIE'Seedlingz

H. muticus seeds are surface-gsterilized by soaking in
. - alcohol (5 min) and then 5% NaOCl solution/dil. HCl1l for 20
min., then thoroughly washed with sterile distilled water,
They were then thinly distributed in a number of sterile.
dishes, containing sterile tap-water, These were then incu-
bated at 30°C till they germinate (one week). The seedlings
are then transferred to appropriate agar solid medium so

that seddlings lye sidewise in content with the solid agar
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med ium, The callus resulted in 1-2 weeks and was allowed
to grow for a further two weeks before being transferred

to a fresh medium for maintainance and propagation,

Callus tissue cultures of either seed or stem origin
were separately maintained on each of the four media investi-
gated (Table 1) and were propagated by serial transfer to
obtain collections of tissues for alkaloidal investigations.

The tissues in every case were dried immediately after coll-

ection by lyopholization.

Alkaloid Extraction:

LyOpholized'tissues, (200-400 mg each), were extracted
by percolation with methanol to exhaustion (100 ml). The
methanilic extract was evaporated to dryness and made to
volume in a 10 ml. volumetric flask and used for TLC and

spectrophotometric investigation,

For purification of alkaloids, a normal alkaloidal ex-
traction and purification procedure was performed with CHCl3

as the solvent and NHAOH as the alkali used.

Thin~layer chromatography (TLC) :

Two solvent systems were tried, these are:
1. System I : Si gel/CHCl3—Me0H-NH40H (90 : 10 : 1Z%)
2., System II: Si gel/MeOH.

Reference samples (atropine )or hyoscyamine) and scopo-

lamine) were spotted alongside with the alkaloidal extracts.

The results are shown in Figure 1 and 2,
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SEectrOEhotometric Determination of the Alakaloidal
Content in the Extracts by Acid-dye Technigue:

The method previously reported for the determination of

17

solanaceous alkaloids and for other related natural prod-~-

18~ : :
ducts 8-19 was adopted using bromothymol blue as the acid-dye
used. Calibration curves were constructed using various con-
centrations of hyoscyamine and the alkaloidal concentrations

in the various extracts is calculated as hyoscyamine (Table 2)
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Table 1: Composition of Various Media used in the Present
Investigation,

Components —  —— ————————————— =
4x vax  1s!  ww®
Macroelements: (mg/L)
NaHQPoa. H20 150 150 - 150
NazHPO4 g = - 20
CaClz. 2H20 150 150 440 200
KC1l : - - - 200
MgSO, . 7H,0 ' 250 250 370 250
(NH,) SO, _ 134 134 - 100 _
KNO3 2500 2500 1900 800
KHZPO4 - - 170 - _ _
NHZ.NO3 - ~ 1650 -
Microelements: (mg/L) .
K1 0.75 0.75 0.83 0.05
MnSOA. HZO 10.0 10.0 16.9 4.0
H,B0, 3.0 3.0 6.2 5,0
ZnSOA. 7H20 3.0 3.0 10.6 1.5
Na,MoO, . 2H20 0.25 0.25 0.25 0.25
CuSOa. SH20 | 0.25 0.25 0.025 0.25
COC12.-6H20 0.25 0.25 0.025 0.25
FeSOa. 7H20 | - - - 13.9
Additives: (mg/L)
Fe (EDTA) ' - 28 28 34.6 -
Na, (EDTA) - - - 18.6

Carbon and Organic Nitrogen Source: (g/L)
Sucrose - 20 20 30 20
E~Z amine (Nitrogen Source) 2.0 2,0 - 2.0

.....................................
r r




. Alkaloids of hyoscyamus muticus tissue cultures 205

Table 1: (Cont.)

* *
Components o | 4X NAX LSI VM2

Vitamins: (mg/L)

Thiamine HC1 10.0 10.0 0.4 0.5
Pyridoxine HC1 1.0 1.0 - 0.5
Nicotinic acid 1.0 1.0 - 1.25
Ca Pantothenate - - - 1.0
Mese-Inositol 100.0 100.0 100.0 100.0

Growth Factors: (mg/L)

Kinetin 2,0 - 0.2 0.25
Indole Acetic Acid (IAA) 0.5 - - 0.1
2,4-D (2,4—-dichlorophenoxacetic acid. 2.0 - 4.0 1.5

Solidifying agent: (g/L)

olid medium 8 8 8 10
Agar |

Suspension medium - - - -
PH value: .
Adjusted with NH, OH/H, SO, 545 5.5 5.9 5.5
% Recommended by Prof. Leistner, Institute fur Pharmacognosie di

Pharmazeutische Biologie, Universitat Munster, BRD.

1, Lindsmeter E.M. & Skoog, F., "Organic growth factor requirements

of Tobacco tissue cultures, 'Phxsiologia Pl. 18; 100-127 (1965).

2.  Veliky, J.A. and Martin, S.M., " A fermenter for plant cell sus-
pension cultures", Can, J. Microbuol., 223-226 (1970).

p—
W
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Table 2: Percentage of the Alkaloidal. Content of szscz—_

amus muticus Tissue Culture (Different Media)

Organ Medium Generation Alkaloidal pereentage :
Seed LS II1 1.32i
NAX I11 0.92
1V 0.88
VM I111 0.70
IV 0.42
4 X I11 0.601
Stem LS VI 0.74
NAX I1I1 1.25
1V 1.16
VII 0.92
VM V1 0.57
4 X 1V 0.78
V 0.51
VI 0.33
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