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Aim. Aim of the work was to study tropane alkaloids in Hyoscyamus aureus plants.
Methods. L-hyoscyamine and( a,)-scopolamine were analyzed through GC-MS. Results.
Level of the tropane alkaloids (hyoscyamine and scopolamine) in plants under study late
in the vegetative phase of development to be maintained in vitro was shown to depend
on ecotypes from which seeds were sampled. In general, hyoscyamine predominated in
roots, while leaves demonstrated prevalence only one of the alkaloids with the other being
in trace amounts. Conclusions. Amount of alkaloids in roots was found to depend on
altitude of plant vegetation as determined by its estimation in offspring generated in vitro.
The idea that environment-genotype interaction may affect the amount of biologically
active compounds produced by plant organism was confirmed.

Key words: Hyoscyamus aureus, tropane alkaloids, culture maintained in vitro, GC-MS,
L-hyoscyamine, (a.)-scopolamine.

Introduction. Genus Hyoscyamus is well-known for the production of
anticholinergic Tropane alkaloids, which constitute one of the largest groups of
pharmaceutically and economically important plant secondary metabolites [1].
These are secondary metabolites produced by a few genera of the family
Solanaceae, such as Atropa, Datura, Duboisia, Hyoscyamus and Scopolia [2].
Tropane alkaloids are esters of tropic acid and tropine derivatives. Tropine is
derived from ornithine and/or arginine, whereas tropic acid is synthesized from
phenylalanine [3]. Scopolamine, a 6,7- epoxide of hyoscyamine, is formed from
hyoscyamine by way of 6B hydroxyhyoscyamin [4].

Hyoscyamine and scopolamine, commercially important anesthetic and
antispasmodiac drugs, are the two most important Solanaceae alkaloids
produced inroots and then translocated to the aerial parts of the plant where they
accumulate in the cell vacuoles at high levels [5].

Both compounds are used as anticholinergic agents that act on
parasympathetic nervous system [6]. Since hyoscyamine has undesirable
effects on the central nervous system, scopolamine is preferred over
hyoscyamine. The worldwide market for scopolamine is estimated to be about
ten times that of hyoscyamine and its racemic form atropine [7] and is preferred
for its higher physiological activity and fewer side-effects. Therefore, significant
attention has been paid to its commercial production [8].

Tropane alkaloids are mainly produced by extraction from cultivated plant
materials. Growing of the plants in the field enables direct, mass production.
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However, there are several reasons for
considering plant tissue culture as an
alternative to field cultivation. It needs a
shortened growth period, eliminates the
use of herbicides and pesticides and
maintains constant growth conditions and
product quality [9], during the past few
years, considerable efforts have been
made to develop economically feasible
protocols for in vitro production of these
compounds.

The major aim of this research was to
study the alkaloid content of different parts
of Hyoscyamus aureus L grown in vitro from
seeds collected from different locations in
southern Syria.

Materials and methods

This work was carried out in the
laboratory of Plant Technologies of National
Commission for Biotechnology, Damascus,
Syria during the period from 2010 to 2012.

Plant Material. Seeds of H. aureus
were collected during the end of fruit
formation (May-June, 2010) from six
locations in southern Syria (Fig. 1). Seeds
were surface sterilized with ethanol 70% for
1 minute, 1.5% sodium hypochloride for 20
minutes, and washed three times with
sterile distilled water. They were cultivated
on MS medium [10] where germination
occurred after seven days. Seedlings were
incubated at temperature 24 + 2 °C with
photoperiod 16 h light/8 h darkness. The in
vitro plants were harvested in 101" week
after germination. Peak of alkaloid
production reached at the end of 10t week
after seed germination followed by its
gradual decrease as the plants entered the
generative phase [11].

Chemicals. Pure control products
I-Hyoscyamine (H-9002) and Scopolamine
(S-8502 ) were supplied by Sigma
Chemicals. Dichloromethane (D-3602),
methanol (M-106002), were obtained from
Surechem Products LTD.

The methods reported for the
determination of alkaloids include official
methods [12, 13], high-performance liquid
chromatography (HPLC) [14, 15],
fluorimetry [4, 16], ion chromatography
[17], coulometry [18], gas chromatography
[6], and electro chromatography [19].
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Fig. 1. Altitude of studied locations

Alkaloid Extraction and GC-MS
Analysis. For alkaloid extraction from in
vitro plants the differentiated parts were
separately dried at 45°C in an air drying
oven until having constant weight and
manually grinded to powder. 5g of each
powdered sample were soaked in 50 ml
H,SO, (0,4N) for 2 hours, filtrated under
pressure, the samples were made alkaline
(pH=9 by NH,OH (25%)), and then the
alkaloids were extracted twice with 30 ml
Cl,CH,. After centrifugation (4000 rpm, 10
minutes), the pellucid phase and filtrate
were collected, then 4g of sodium sulphate
unhydrate were added for each sample,
then evaporated under reduced pressure to
dryness. The alkaloid extracts were
dissolved in 3 ml methanol and 1 ulinjected
into GC-MS.

GC-MS was carried out on Agilant 7890,
a gas chromatograph coupled to Saturn
2000 mass detector. A mass spectrometer
with anion trap detectorin full scan (80-325
amu) under electron impact ionization (70
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eV)wasused. The chromatographic column
for the analysis was HP-5-MS capillary
column (30 m x 0.25 mm, film thickness
0.20um). The carrier gas used was helium
at a flow rate of 1 mL/min. 1 pL crude
alkaloid fractions were injected and
analyzed. Column initial temperature was
70°C for 1 min and then increased to 250°C
with a 9°C/min heating ramp and
subsequently kept at 250°C for 13 min. The
injection was performed in splitless mode at
280°C. All the calculations concerning the
quantitative analysis were performed with
external standardization by measurement
of the peak areas.

Standard calibration curves for each of
hyoscyamine and scopolamine were
constructed by injecting different
concentrations of each. Three replicates
were performed for each injection and the
mean value of the area under the peaks was
plotted against the corresponding
concentration.

Results and discussion

Tropane alkaloids in roots. The least
amount of alkaloids was revealed in plant
roots from Wadi Al-Zaidi locality (0.142%),
situated at 410 m over sea level while
maximal level of tropane alkaloids was
recorded in roots derived from Dimas
locality (1.134%), situated over 1150 m.
Amount of alkaloids in roots was found to
rise with locality altitude of seed origin
(Fig. 2).

This can be explained by genotype
interaction with environment that affects its
capacity to produce active compounds.
The proportion of each compound may vary
between samples; for example, hyosciamin
level varied from 0.047% in plant roots from
Wadi al-Zaidi to 0.665% in plant roots from
Dimas, while scopolamin content varied
from 0.055% in plant roots from Al Qalamon
to 0.469% in plant roots from Dimas.
Generally, both hyosciamin and scopolamin

prevailed in roots. These results are
consistent with those of Sharma and
Sharma (2010), claiming that Hyoscyamus
plants originated from high-mountain
areas, asinour case, are notably richer with
alkaloids than plants from lowlands. This
also corresponds to Kartal et al (2003)
findings on H. reticulatus, recording that
hyosciamin predominates in plant roots.

Hyoscyamine = Scopolamine
0,665

Concentration of
Hyoscyamine and
Scopolamine g/100 g

Fig. 2. Concentration of hyosciamin and scopolamin
in plant roots grown in vitro

Tropane alkaloids in leaves. Most
amount of tropane alkaloids exhibited plant
leavesfromWadiAl-Zaidilocation (0.062%),
while those from Salkhad locality displayed
the least one (0003%) (Fig. 3).
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Fig. 3. Hyosciamin and scopolamin concentrations in
plant roots, grown in vitro

It is remarkable that whereas roots
contain both hyosciamin and scopolamin,
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leaves harbor exclusively one of them. In
addition, leaves are richer with alkaloids.
This can be attributed to the fact that most
of tropane alkaloids is synthesized at early
steps of plant development and only later
on is transferred to aerial parts of the plant
[19]. Therefore, when alkaloid density is
increased in roots it will be low in leaves and
vice versa. The percentage of each
compound may differ from sample to
another, where rate of hyoscyamine ranged
between a few traces in the leaves of plants
from Qalamon, Bosra and Wadi al-Zaidi
locations to 0.009% in the leaves of plants
from Daraa dam location. While scopolamin
level varies from trace amounts in plant
leaves from Salkhad, Dimas and Daraa in
dam proximity to 0.062% in plant leaves
from Wadi al-Zaidi. We also observed that
plant leaves may contain only one of the
alkaloids, while the other is harbored in
trace amounts.

And finally, considering the fact that
plants grown in vitro, were in comparable
conditions, while seeds from which they
were generated collected from different
localities, distinguished by differing
altitudes over sealevel, variationsintropane
alkaloid level can be assigned to the
influence of environment on plant genotype
(Fig. 4).
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Fig. 4. Total concentration of alkaloids as percentage
in leaves and roots of in vitro plants

However, higher Dimas area (Qalamon
and Salkhad localities) there occurs drop of
alkaloid amount both in roots and leaves.
This may result from the decreased locality
average daily temperature [22].

In general, hyoscyamine predominated
in roots, while leaves demonstrated
prevalence only one of the alkaloids with the
other being in trace amounts.

Though, alkaloid ratio demonstrates
differences between various plant organs
[23]. And alkaloid composition proved to be
more complicated than in aerial part of the
plant. This is concurrent with findings
obtainedfor Atropa belladonna [24], Datura
innoxia [25], and Duboisia myoporoides
[26].

Conclusions

Amount of alkaloids in roots was found
to depend on altitude of plant vegetation as
determined by its estimation in offspring
generated in vitro.

The idea that environment-genotype
interaction may affect the amount of
biologically active compounds produced by
plant organism was confirmed.
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ONPELEJIEHME TPOMAHOBbLIX ANIKAIOMA0B
B BEJIEHE 30/IOTUCTOW (HYOSCYAMUS
AUREUS) IN VITRO

LLI. Bewep’, 10. Anb-Ammopu’, C. JloBaHa?

THaumoHanbHbI KOMUTET Mo BuoTexHonorvsam, Ja-
mack, Cvpus

2[lamaccKuil YHUBEPCUTET, CENbCKOXO3ANCTBEHHbIN
dakyneteT, Crpus

e-mail: Sh.besher85@yahoo.com

Lenb. lccnegosatb TponaHoBblE ankanomgbl
B JINCTbAX W KOPHAX pacTeHuin Hyoscyamus
aureus, BblpallleHHbIX in vitro. MeTogpl. Hanu-
yne L-rmocumpammHa n (o)-ckonosiammHa npo-
aHanM3npoBaHO METOLOM ra30-XxpoMaTo-Macce-
cnektpometpun (MX-MC). Pesynbratbl. [lo-
Ka3aHO, YTO B M3YYEHHbIX PaCTeHUsIX OeneHbl
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30/10TUCTOM, BblPALLEHHBIX in Vitro, B KOHLUE Be-
retatmBHoOM @asbl Pa3BUTUA  KOHLEHTPALMA
TPOMaHOBbLIX aJKanouaoB (rMocumMaMmHa 1 CKo-
nonamuHa) pasnunyHa. Kak npaBuno, B KOPHSX
H. aureus npeobnapan rmocumamuviH. B nuctbsx
Xe npeBanupoBan OauH U3 ankanongos (CKono-
JIAMVH UK TMOCLUMaMUH), B TO BPEMS KakK ApYyromn
onpeaensnun B cnenoBbix Konmyectsax. BoiBogbl.
YCTaHOBNEHO, 4TO KOIMYECTBO ankanonaos B KOp-
HAX OeneHbl 30/10TUCTON 3aBMCENO OT BbICOThI
NpOM3pacTaHns MCXOAHBIX PACTEHUIA, OT KOTOPbIX
OblIM MoNy4eHbl cemeHa. lNoaTeepxaeHbl npes-
CTaB/IeHUs O TOM, YTO B3aWMOLENCTBME OKpY-
XaloLLen cpeapl 1 reHOTMNa CkasblBaeTCs Ha KO-
nmyecTBe BGMONOrMYECKM aKTUBHbLIX BELLECTB,
BbipabaTbiIBAEMbIX PACTUTENBHBIM OPraHU3MOM.

KnioueBble cnoBa: Hyoscyamus aureus, KynbTy-
pa, BblpalleHHas in vitro, TpPONaHoBbIE ankanouabl,
'X-MC, L-rnocumamuH, (o.)-CKOnonammH.

BU3HAYEHHSA TPOMAHOBWX ANIKANOIAIB
Y BJIEKOTI 30JI0TUCTIA (HYOSCYAMUS AU-
REUS) IN VITRO

LLI. Bewep', 10. Anb-Ammopi’, C. JlosaHa?

THauioHanbHuUit KOMITET 3 BioTexHoNoriNn, Jamack,
Cupis

2]]laMacbKuit YHIBEPCUTET, CiNlbCbKOrOCNoAaPCHLKMIA
dakyneteT, Cupist
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Mera. [JocnignTti TpONaHOBI ankanoigy B ANCTi Ta
KOPEHSIX pocnnH Hyoscyamus aureus, BMpoLle-
HUX in vitro. MeTogu. HasBHiCTb L-riocumaminy
Ta (o)-ckomonamiHy npoaHanizoBaHO METOLOM
raso-xpomarto-mac-cnektpometpii (FX-MC). Pe-
3ynbTaTu. [10Kka3aHo, O Y BUBYEHUX POCMHAX
6NeKOTM 30JI0TUCTOI, BUPOLLEHOI in Vitro, y KiHUi
BeretatmeBHOI $©a3n pO3BUTKY KOHLLEHTPALs TPO-
MaHOBWX ankanoifiB (riocumamiHy Ta ckononami-
Hy) pi3Ha. 9k npaBuno, B KOpeHsax H. aureus ne-
peBaxas riocumamiH. Y nMcTi X npesasioBas O4MH
i3 ankanoigis (ckononamin abo riocumamix), B ToW
yac fK gpyrui BU3Ha4vanu y CnigoBux KislbKOCTSIX.
BucHOBKK. BCTaHOBNEHO, LLO KiNbKICTb ankanoi-
niB y KOpeHsix 6n1ekoTn 30/10TUCTOI 3anexana Bif,
BMCOTW 3POCTaHHS BUXIOHWX POCAWH, Bif SKMX
0yn0 OTPMMAHO HaCiHHS. MiATBEPIKEH] YABNEHHS
npo Te, WO B3aEMOAIS HaBKOMMLIHLOIO cepeno-
BULLA Ta reHOTUMY BigOWBAETLCA HA KiNbKiCTi Gi-
OJIOMYHO aKTMBHUX PEYOBWH, IO BUPODBNSIOTLCS
POCAVHHUM OPraHi3aMOM.

Kniouosi cnosa: Hyoscyamus aureus, Kynetypa,
BMPOLLEHA in vitro, TponaHoBi ankanoign, MNX-MC,
L-riocupamin, (o)-ckononamix.
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