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Summary

Among the plant secondary metabolites, the lignaage got special interest
recently, due to their various and remarkable phasutically and medicinally important
properties.

In this thesis, lignan identification and quanttion methods were examined in
intact plant samples with high amounts of lignanteat in order to produce and extract
them efficiently. In addition, we studied the opomities of stimulation oin vitro lignan
productionin cell cultures ofForsythia species and cultivars for scale-up production by
fermentation technology. The secondary metabolimtent was measured with
spectrophotometric and chromatographic methods thed cell differentiation was
observed with spectrofluorometer and fluoresceand-electron microscopy.

We worked out optimal extraction methods and stlidgpectrophotometric
methods feasible for sample pre-selection and destee suitability of several
chromatographic methods for lignan analysis.

We evaluated qualitative and quantitative diffeeman lignan contents among
Forsythia species and cultivars in leaf amdvitro cell culture samples.

Forsythia callus and suspension cultures were establishedoplimization
experiments, we stimulated the lignan productiorsedpension cultures via hormone,
sugar, macro- and micro element contents modiboatof culture media.

We found correlation between the light-induced adifferentiation and the
increase of lignan contents Forsythia cell cultures. The illumination enhanced the
lignan production in general but it is not suitalite selective stimulation of the
biosynthesis of selected lignans separately.

We have demonstrated thAtctium lappa, Centaurea scabiosa and Forsythia
species and cultivars are suitable for productidntie studied lignans for the
pharmaceutical industry. The fruit 8f ctium lappa is a good source of arctiin while the
leaf of Forsythia is suitable for arctigenin, pinoresinol and plgginin extraction. The
fruit of Centaurea scabiosa and in vitro cultures of Forsythia can be applied for

matairesinoside production.



Introduction

Nowadays natural active ingredients have becomelwjarevalent in the therapy.
Most of these molecules belong to the plant seagnetabolites. The significance of
this group has increased due to their various magdittlization and the development of
analytical methods.

The group has diverse biological activities esgdbciaf lignans from phenolic
compounds. As a folk medicine it has been used gwonanticancer and laxative effect
for centuries. Therefore several researchers htaveed to elaborate and understand the
mechanism of action. A number of lignans (arctigematairesinol and its glycosides
pinoresinol and phillygenin) have come to the foreesearch. These molecules exhibit
antitumor effects against various types of cangenyell as anti-HIV, anti-inflammatory,
antioxidant, hepato- and neuroprotective properties

These lignans occur in the highest quantitiefrictium, Centaurea andForsythia
species and cultivargorsythia genus is intensively examined and more and mdeeida
published about its active components and its bitbssis.

The in vitro technology is widely used for the production ofca®dary
metabolites. As the conditions of production ofdmtive components are controlled and
optimized and the separation is easier and moieiexff than the production derived

from intact plant samples.

Aims

Lignans are significant plant secondary metabofttesh pharmaceutical point of
view but their efficient production and separatismot totally reported. Therefore our
aim is to separate, identify and quantify lignansnative plant samples for efficient
lignan extraction and production as well as enhdhedignan production iforsythiain
vitro cell culture for large-scale production by fernaiun technology.
Our aims:

1. To develop efficient methodologies for analysidighans:

a) To select suitable extraction method by comparso@ methods’ and

4 solvents’ combinations in leaf Bbrsythia x intermedia,



b) To find a suitable spectrophotometric analysis poe-selection of
Forsythia species and cultivars by determination of phenotiatent
and antioxidant activity.

c) To develop exact analytical methods HPLC-UV, HPLEPEMS and
GC-MS techniques in fruits dirctium lappa, Centaurea scabiosa and
leaf of Forsythia.

2. To identify and quantify lignans iRorsythia species and cultivars in order to
select suitable cultivars.

3. To establishForsythia callus and suspension cell cultures as well as to
enhance lignan production of suspension:

a) With modification of medium components especiallgpnoaint of
hormones, saccharose and macro, micro elements,

b) With selection of suitable cultivars.

4. To analyze correlation between light induced céfletentiation and lignan

content inForsythia suspension culture with modification of time opesure.
Methods

The fruits ofArctium lappa and leaves oForsythia were obtained from Botanic
Garden of Corvinus University. Fruits @entaurea scabiosa were obtained from the
French B and World Seed Company.

Callus tissues were induced from leavesFofsythia x intermedia in order to
analyze the metabolite production of cell cultu@alli were maintained on Gamborg B5
solid medium (supplemented with 0.5 mg/l 2,4-D, I8 @gar, 30 g1 saccharose) in dark
and room temperature. Calli were transferred iri@ gnl Erlenmeyer flask containing
Murashige & Skoog or B5 liquid medium. Suspensialiuces were maintained in room
temperature in dark and under light, agitated 8trpin with 2-week subculture period.
For enhancement of lignan production of suspensiedium optimization were used.
We modified the components of medium. We changesl dmount of hormones
(combination of 3 auxins, IAA, NAA, 2,4-D and a okinin, the kinetin) and increased
amount of saccharose (2 and 3 times) and decrégasedmount of macro and micro

elements (1/2 and 1/3. After three subcultures these placed into liquid media, and in



a flask. A version of MS medium supplemented witin@/| naphthalene acetic acid and
0.2 mg/g kinetin was proved to be the best, progidhigh lignan content (3.9 mg
arctigenin/g dried matter), in suspension culturaintained under light. Besides the
medium’s hormone content, the lightning (10-15 p/m@lsec) played a great role in the
high lignan production.

For analysis of impact of light on cell differeri@a and lignan biosynthesis we
maintained the suspension cultures in dark and rundtiral light and artificial white
light exposure. At the controlled light 3 lengthexposure time (4 h exposure a day; 8 h
a day or 12 h a day) were applied.

We examined the ultrastructural changes with trassion electron microscope. We
observed the effect of light on cell cultures wi#pectrophotometric measurements of
chlorophyll a and b content.

For selection of optimal extraction method we corefdathe frequently applied
methods and solvents. We combined extraction tegclesi by reflux condenser,
ultrasonic bath and supercritical fluid extract@pling 60 or 100 %Wv) ethyl or
methyl alcohol in leaf oForsythia x intermedia.

We determined phenolic content with Folin-Ciocalteagent and antioxidant activity
(FRAP method) in order to find a suitable spectaipmetric analysis for pre-selection
of Forsythia species and cultivars.

We identified and quantified lignans by Gas Chrargeaphy-Mass Spectrometry (GC-
MS), High Performance Liquid Chromatography-Elespi@y lonization in Positive lon
mode-Mass Spectrometry (HPLC-ESPI-MS) and High d?Perénce Liquid
Chromatography with UV Detection (HPLC-UV) technéguin native and in vitro

samples.
Results

Optimization of lignan extraction in Forsythia x intermedia species

In literature data about lignan separatiori-ofsythia species were heterogeneous
and not comparable. Three methods of extractions|ving four different solvents were
compared in order to select the most efficient gneng the highest quantity of the main

lignan constituents (arctiin and arctigenin).



In the comparison of 12 combined methods we obde®dimes differences
between the most efficient method (SFE with 60v#) (methyl alcohol co-solvent) and
the least efficient (refluxation with 100 %/\) ethyl alcohol). The impact of solvent on
separation’ effectiveness was similar to methodatffin the examination of methods it is
important to pay attention to cost, yield of usahfbrmation, number of samples and

time because it can change the order of suitability

Phenolic and lignan content and antioxidant activiy in leaves offorsythia species

and cultivars.

For pre-selection of species and cultivars withhhiignan content we applied
spectrophotometric methods in order to reduce theber of samples before the time
consuming chromatographic measurements. As spéctiometric methods for lignan
content determination is not reported we applieénplic content and antioxidant
capacity determination in order to examine theadility for pre-selection

The total lignan and phenolic content and antiaxidapacity were diverse. Good
correlation was demonstrated between phenolic atadl fignan content contrary to the
low correlation between antioxidant capacity antltignan content. The presence of
flavonoid, phenylpropanoid and phenolic acids calddrease the correlation due to their

antioxidant capacity.

Identification and quantification of lignans

We identified and quantified lignans by GC-MS, HRESPI-MS and HPLC-UV
techniques irArctium lappa, Centaurea scabiosa andForsythia species. Identification of
lignans was performed on the basis of the reterttioa of authentic lignan (arctigenin,
arctiin and matairesinol) and characteristics issmspectrometry.

In the analysis of metabolite the butyrolactone famdfuran type lignans could be
measured simultaneously by each technique. Howtheerarctigenin and phylligenin
cannot be separated totally by HPLC-UV.

In the first time we evaluated the differences agnéiorsythia species and
cultivars. Arctigenin was the major lignan congditts in all Forsythia species and
cultivars. But the proportion of arctigenin variadot (41%-92) compared to the total

lignan content in species and cultivars, too.



According to biplot analysis, the cultivars weretegprized into groups.
Identification of pinoresinol and phylligenin wagpgrfluous inForsythia x intermedia
cultivars, measurement of one of the selected higmas sufficient. However the amount
of arctigenin was independent of these lignans @modided distinct information about
the categories therefore the quantification ofigectin is necessary for categorization of

cultivars.

Establishment ofin vitro cultures of Forsythia species cultivars

In vitro plant cell cultures are a good source of metabplibduction thanks to its
several advantages. There are numerous cultivafomsthia species but the lignan
content of theiin vitro cell cultures is hardly reported. Therefore itngportant that we
paid attention to cultivars and maintained celkuds in the same condition in order to
compare the lignan content of the cultivars.

We established callus and suspension culture oFoBsythia species (F.
intermedia, F. ovata, F. suspensa) and of 6 cultivarsK. intermedia Beatrix Farrand,
Melissa, Minigold, Primulina and Week-End, aadovata Robusta, Tetragold) for lignan

production. We established in the first timevitro cell culture ofForsythia ovata.

Optimization of culture medium effects on lignan catent of in vitro cultures

Metabolite accumulation ah vitro cell culture usually cannot reach the level of
intact samples therefore enhancement of metahmi@uction is needed via optimization
of culture medium.

Lignan accumulation ofin vitro cell culture increased via modification of
components of culture medium. Changes in hormohesealiium (2 mg g-1 NAA and
0.2 mg g-1 kinetin), in amount of macro- and mietements (one third amount) and in
amount of saccharose (90 ) lenhanced the lignan accumulation. Furthermore the
combination of these modifications reduced theivatibn period of cell culture with

high lignan content.



Impact of light on cell differentiation and lignan accumulation ofin vitro cultures

According to the total chlorophyll content and 77fldorescence spectrum we
evaluated that photosynthetic chlorophyll-proteamplex can function in all suspension
cultures maintained under light although their kotal chlorophyll content.

The ultrastructural changes confirmed that higtelegell differentiation was
required for lignan production @ vitro cultures inForsythia species and cultivars.

In suspension culture &forsythia x intermedia the application of culture medium
specialized for metabolite production was not sigfit, light exposure was needed for
lignan biosynthesis. Our experiment confirmed tdese lignan content was not detected
in cell cultures maintained in dark contrary to gvguspension cultures cultivated under
light.

Moderate correlation could be observed between ayjokeperiod of light exposure
and lignan accumulation. We detected the lignarnemgnat maximum level at 4-week
cultivation period and 8-hour light exposure a dagie light generally increased the
amount of lignans but did not influence it seleelyas the light had effect on first steps

of lignan biosynthesis.

Differences in lignan content ofForsythia species and cultivarsn vitro cultures

We investigated in the first time the differenceslignan content oforsythia
species and cultivais vitro cultures. We evaluated similar differences amorigveus
to the level of enhancement in the lignan producti@a culture medium optimization.
Therefore it is important to emphasise the sigaifte of cultivars at metabolite

production, too.

Conclusions

We investigated the lignan content in intact plaamples and the lignan
production inForsythia in vitro cell culture to obtain high lignan production.
1. At the development of efficient methodologies foralysis of lignans We
evaluated
a) To select suitable extraction method for arctigeamd arctiin we
highlighted the significance of several parametdrgxtraction



2.

methods. SFE with 60 %v/{) methyl alcohol co-solvent is
appropriate for small number of samples while pedtion with
100 % {/v) methyl alcohol is suitable for numerous samples.
b) To find a suitable spectrophotometric analysisd-selection
of Forsythia species and cultivars with high lignan content in
order to reduce number of samples. We evaluated tha
determination of phenolic content (Folin Ciocalegagent) is
appropriate for pre-selection due to the good ¢tatioe between
phenolic and total lignan. The antioxidant capa(fiRAP) is not
suitable for pre-selection due to the very modecateelation
between antioxidant capacity and total lignan catnte
c) The butyrolactone and furofuran type lignans doule
measured simultaneously by each techniquévrictium lappa,
Centaurea scabiosa and Forsythia samples. However the
arctigenin and phylligenin cannot be separatedlyoby HPLC-
UV. For further precision and reliability it is mmmended to use
all these chromatographic techniques parallel.
In the first time we evaluated the differences agnBorsythia species and
cultivars in lignan content and composition. Acéogdto biplot analysis, the
cultivars were categorized into groups. Thereforg an appropriate statistical
analysis for selection of cultivars and emphasihessignificance of cultivars.
We evaluated that callus and suspension culture bearestablished from
numerousForsythia species and cultivars and it confirms and extethes
previous data. Lignan content of in vitro cultuckived from leafs differs
from lignan content of leaf. On the basis of ligreaamtent of leaf conclusion
cannot be drawn for lignan content iof vitro cultures derived from leafs.
Therefore it is necessary to investigate the méitabproduction of in vitro
cultures. Although metabolite accumulation iafvitro cell culture usually
cannot reach the level of intact samples, the eaftin ofin vitro cell culture
possesses several advantages in metabolites piduthe enhancement of

metabolite production could be performed; constitsecould be selectively



produced and general advantages of in vitro tedgyolThe differentiation at
cell and tissue level influences the metabolitedpadion in leaves and in vitro
cultures, too.

a) Metabolite accumulation ai vitro cell culture usually cannot
reach the level of intact samples therefore enhmaroé of
metabolite production is needed via optimization aofiture
medium. Lignan accumulation o vitro cell culture increased
via modification of components of culture mediunorfnones,
macro- and micro elements and saccharose). Furtineriie
combination of these modifications reduced the iatibn
period of cell culture with high lignan.

b) We investigated in the first time the differencedignan content
of Forsythia species and cultivargn vitro cultures. For the
enhancement of lignan accumulation it could beva toel.

4. Moderate correlation could be observed betweent ligiduced cell
differentiation and lignan accumulation korsythia suspension culturesn
the detailed investigation the amount of chloroplayld developmental stage
of chlorophyll-protein complexes indicated the leokcell differentiation but
did not correlate with lignan production. Light egure stimulated the cell
differentiation and could indirectly increase tignhn accumulation. The light

generally increased the amount of lignans but didmfluence it selectively.

We have demonstrated thatctium lappa, Centaurea scabiosa and Forsythia
species and cultivars are suitable for productidntiee studied lignans for the
pharmaceutical industry. The fruit 8f ctium lappa is a good source of arctiin while the
leaf of Forsythia is suitable for arctigenin, pinoresinol and plgginin extraction. The
fruit of Centaurea scabiosa and in vitro cultures of Forsythia can be applied for

matairesinoside production.
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