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1. Irodalmi attekintés

A modern gydgyndvényismeret (farmakogndzia) interdiszciplinaris
tudomannyad nétte ki magat, mely sok tudomanyteriilet eredményeit
hasznalja egyik f& célja elérésére: a novényi eredetli produktumokkal
torténd, bizonyitékokon alapulé gyodgyaszat tudomanyos hatterének
biztositasa. Munkankban ilyen jellegli vizsgalatok elvégzését tlztik ki
célul, vizsgalodasaink alanyanak a Plantago fajok fobb hazai képviseldit

vélasztottuk ki.

A Plantago fajok fobb szekunder metabolitjai az iridoid glikozidok
(IG): aukubin (AUC) és katalpol (CAT); a kavésav-észter feniletanoid-
glikozidok (CPG): akteozid (ACTE), plantamajozid (PMJ) és hasonld
vegyiiletek (1.4bra); flavonoidok; poliszaharidok (Ronsted et al., 2003). Az
elébbi két csoport terapias felhasznalhatosagardl szamos in vitro ¢és
allatkisérletes adat jelent mar meg a szakirodalomban. Az aukubin és
katalpol hatdsai kozott antibakterialis hatast, diabetes-ellenes hatast,
neuroprotektiv hatast is leirtak (Senatore et al., 2007). Az akteozidnak, ami
a P, lanceolata 6 CPG-je, és a plantamajozidnak, ami a P. major és szamos
mas faj f6 CPG-je, gyulladascsokkentd és antioxidans hatasat irtdk mar le
(Galvez et al., 2005). Célul tiiztik ki a regionalis populaciok kémiai

mintazatanak vizsgalatat.
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1. abra. A jelenlegi munkaban vizsgalt fébb Plantago metabolitok:
feniletanoidok: a., akteozid (R=ramnozil), plantamajozid (R=gliikozil),

iridoid glikozidok: b., katalpol és c., aukubin.

A gyogynovények és a beldlik késziilt termékek szempontjabol
rendkiviil fontos a stabilitas vizsgalata, mely ennek ellenére alulprezentalt a
szakirodalomban, az instabilitdsok okat komplex matrixokban feltaro
munkakrol nem is beszélve. A komplex kémiai interakciok gyakran miatt
kiszamithatatlan a vegyiiletek stabilitasa eredeti matrixukban (Eder &
Mehnert, 1998). Stabilitasi vizsgalatok nélkill nem lehetnek a

gyogynovények a bizonyitékon alapuld orvoslas részei. Emiatt tliztik ki



célul egy stabilitasi vizsgalat elvégzését a Plantago lanceolata szaritott

levelén.

A novényi szovettenyésztés igéretes technika bonyolult bioaktiv
molekulak olcsé eldallitasara, azonban szamos optimalizacios 1épést igényel
a cél elérése (Ramachandra Rao & Ravishankar, 2002). Célul tiiztik ki
Plantago lanceolata szdvettenyészet 1étrehozasat és a hatéanyag-termelés

optimalizalasat az NH," / NOs arany valtoztatasival és a N forras

s



2. Uj tudoményos eredmények

A gyakoribb fajok regiondlis populaciéi alkalmasak lehetnek

gyogyszerkonyvi minoségii drog eléallitasara vagy terapias célra.

P major, P. maritima, P. media, P. altissima és P. lanceolata
tartalmat kapillaris elektroforézissel, CPG tartalmat ¢&s antioxidans
kapacitasat spektrofotometrias eljarassal hataroztuk meg.

A fajok kemotaxondmiai mintazata a korabban leirtnak megfelelt
(Ronsted et al,, 2003). A mintak koziil kiemelkedett a P maritima
antioxidans kapacitas és 6sszes CPG tartalom tekintetében (1. tablazat), IG
tartalom tekintetében a P. lanceolata populéaciokat taldltuk a legjobbnak. A
regiondlis vad populacidk a nemesitett P. lanceolata tajokhoz képest sokkal
kevesebb aukubint, de sokkal tobb katalpolt tartalmaznak (Al-Mamun et al.,
2008). Az antioxidans kapacitas értéke, kiilonosen a P. maritima esetén igen
magasnak tekinthetd a gydgyndvények kozott (Apak et al., 2006). Az
antioxidans hatasért a CPG-k feleldsek, amit a két paraméter 0,9202
Pearson korrelacios értéke jellemez jol (p < 0,001), ez megfelel a korabban
leirtaknak (Galvez et al., 2005). A regionalis populaciok a fajokbdl mar
leirthoz hasonlé mennyiséget, vagy tobbet tartalmaznak IG-kbél, ez a
tobblet részben metodikai kiilonbségekb6l adodhat (Jurisic et al., 2004),
(Beara, 2010). A mért adatok alapjan a vizsgalt populaciok szinte
mindegyike elméletileg alkalmas lehet terdpias célra, és gyogyszerkonyvi

mindségll drog eldallitasara.



1. Tablazat. Hazai Plantago populaciok kvantitativ Gsszehasonlitd
vizsgélatanak eredményei. Két minta szignifikdnsan kiilonbozik, ha nem
rendelhetd hozzd ugyanaz a beti (p < 0,05). Roviditések: n.d., nem
detektalhatd; AAEAC, aszkorbinsav-ekvivalens antioxidans kapacitas, DW,

szaraz tomeg.

6sszes CPG
Katalpol AAEAC tartalom
(Yow/w) Aukubin (%w/w) (umol/gDW) (Yow/w)
P. altissima 0,66 +0,13% b 0,55 +£0,04% ab 0,2206 +0,0290a 2,40 +0,38% a
P. lanceolata|0,89 £ 0,22% b 0,68 +0,23% a 00,2428 +0,0191 a 2,57 £0,56% a
P. major n.d. a 0,34 £0,02% b 0,1722+0,0573 a 1,81 +0,56% a
P. maritima |n.d. a 0,47 £0,08% ab 0,4124 £0,0701 b 4,29 +£0,91%b
P. media n.d. a 0,34 £0,05% b 0,2368 +0,0480a 2,57 +0,73% a

Megfelelé6 vékonyréteg-kromatografias vizsgalattal sziikség esetén
elvalaszthatéak a hazai gyakori Plantago fajok, kivéve a P. altissima és
P. lanceolata, amely vékonyréteghdl lehet kovetkeztetni a kavésav-észter
tartalomra is.

P. major, P. maritima, P. media, P. altissima és P. lanceolata fajok
leveleinek extraktjat vékony-rétegkromatografidsan vizsgalva (natural
product reagens) a fajok eltéré kémiai mintazata szembetiing. Az egyes
savok jelenlétét / hianyat klaszteranalizisre bocsajtva azt tapasztaltuk, hogy
4 faj egyértelmiien elvalaszthatd egymastol: egyediil a P. altissima és a P.
lanceolata esetén nem valik el egyértelmiien a két faj magas

tamogatottsagu, izolalt klaszterekké. Intenziv zo6ldeskék savokként

jelentkeznek e vizsgalattal az akteozid, a plantamajozid, melyek az



azonositason vald hozzajarulason kiviil kvalitativ mindségi paraméterek is a

terapids hatds szempontjabol.

Magas (75 %) relativ paratartalmi levegében inkubalt P lanceolata
levéldrog szine megvaltozik, amit féleg a klorofill degradaciéo okoz és
onmagaban még ez nem jelent hatéanyag-veszteséget.

A P lanceolata szaritott leveleket kiilonbozo (0, 45, 75 %)
paratartalmu leveg6ben 24 hétig eltartva szamos valtozas kovetkezik be a
75 %-on tartott rendszerben. A levelek a 8. hétre megbarnulnak, sététednek,
amely kisebb intenzitassal, de a 24 hetes inkubacio végéig folytatodik. A
lathato valtozast (barnulds és so6tétedés) reflektancia-spektrofotometriaval
kvantifikalva azt kaptuk, hogy 75 % RH hatasara 24 hét alatt a CIEL*a*b*
paraméterek koziil az a* -2,48 + 0,34-r61 2,91 + 0,24-re, a b* 3,06 = 0,15-
rél 2,21 + 0,68-ra, az L* pedig 61,4 + 5,18 rol 49,7 + 1,73-ra valtozik. Ezen
valtozasok rendre 17,89, 5,07, 2,61-szer nagyobbak mint a kontroll
rendszerben (p < 0,001). 45 % és 0 % RH-n valtozast nem tapasztaltunk. A
valtozasok hatterének kideritésére kvantifikaltuk a klorofill a, b és feofitin a,
b pigmenteket (Kupper et al., 2000) modszerével és azt talaltuk, hogy a
emelkedésével) nagyon jol korrelal az a* és b* paraméterek valtozasaval,
vagyis a barnulas elérehaladasaval (a klorofill a koncentracié vs. a* és b*
Pearson korrelacios koefficiensei rendre: -0,927 és 0,830). A bomlas
enzimfliggetlen is lehet novényi matrixokban (Kohata et al., 2004),
valdszintleg itt is ez figyelheté meg. A szinvaltozas nem fligg direkt médon
Ossze az egyébként szines vegyliletekké is valdszinileg torténé hatdéanyag-

bomlassal (alacsony korrelacios értékek). Mivel a valtozas nagy része az



els6 8 héten zajlik le, amikor szignifikans aukubin és akteozid szint
csokkenés még nincs, kijelenthetd, hogy a szin mint mindségi paraméter
inkdbb a viz-expozicidé detektalasara alkalmas de kozvetleniil nem

feltétleniil jelenti a névényi drog hasznalhatatlanna valasat a barnulas.

Magas (75 %) relativ paratartalmi levegében inkubalt P lanceolata
levéldrog hatéanyagai (aukubin, katalpol, akteozid) bomlast
szenvednek el, illetve az alacsony (45 %) paratartalom biztositja a
novényi drog kémiai stabilitasat.

A P lanceolata szaritott leveleket kiilonbozé (0, 45, 75 %)
paratartalmi levegében 24 hétig taroltuk. A kiilonb6z6é paratartalmu
levegében vald inkubacid soran a P. lanceolata hatéanyagait kapillaris
elektroforézissel és kvantitativ vékony-réteg kromatografiaval vizsgaltuk. A
75 % pératartalomban inkubdlt P. lanceolata széritott levél akteozid-
tartalma 24 hét alatt 2,69 + 0,53 %-ro6l 0,79 + 0,09 %-ra, aukubin tartalma
0,85 + 0,06 %-r6l 0,04 + 0,01 %-ra, katalpol-tartalma pedig 0,71 + 0,09 %-
rol 0,02 £ 0,02 %-ra csokkent (p < 0,001). 45 % és 0 % pératartalmu
levegdn szignifikans bomlast egyik hatéanyag sem szenvedett el, igy az a
paratartalom alkalmas a drog hosszu tava tarolasara. Hasonlo jelenséget
idaig mas vegyliletcsaladokra irtak le gyogyndvényekben (Ortiz et al.,
2008), (Heigl & Franz, 2003).

A magas relativ paratartalmu levegében végbemend hatéanyag-bomlas
(aukubin, katalpol, akteozid) oka a névényi drogban jelen 1évé fonalas

gombik tevékenysége.



A P lanceolata széaraz levelek steril vizes kivonatat aszeptikus
koriilmények kozott inkubaltuk a drogbol izolalt, tisztitott és molekuldris
biologiai moédszerekkel azonositott fonalas gomba torzsekkel 15 napig. A
kiinduldsi aukubin, katalpol és akteozid-koncentraciohoz képest szdmos
metabolit és szdmos gomba tdrzs esetén észleltiink csokkenést a kontrollhoz
képest (2.abra, p<0,05). A tizbdl hét vonal volt képes mindkét iridoid
modell oldatokban. Mivel a steril kontrollokban nem volt tapasztalhato
degradacio, a viz mint kdzvetlen, hidrolizisben részt vevd reakciopartner
jelentdsége valosziniileg kicsi e rendszerben, holott az iridoidok spontan
bomlasa elképzlehetd lenne (Bianco et al., 2003). A hatdanyag-bontas
szempontjabol a legaktivabb fajoknak a Bipolaris tetramera, Epicoccum

nigrum és a Cladosporium pseudocladosporioides bizonyultak.
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2. abra. A gombaizolatumokkal beoltott steril P. lanceolata vizes
kivonatokban maradt metabolitmennyiség 9 napos inkubacios id6 utan.
AUC, aukubin, CAT, katalpol, ACTE, akteozid; *, p<0,05; **, p<0,01; ***,
p<0,001. Az izolatumok: FI1, Aspergillus niger; FI2, Leptosphaerulina
chartarum; F13, Aspergillus nidulans; F14, Eurotium amstelodami; FI15,
Cladosporium pseudocladosporioides; F16, Penicillium chrysogenum; FI7,
Bipolaris tetramera; F18, Epicoccum nigrum; FI9, Eurotium repens; FI10,

Eurotium repens, C: kontroll.



A P, lanceolata kalluszok plantamajozid-tartalma NH," / NO5™ aranytol,
az akteozid-tartalma pedig az N forras koncentracidjatol fiigg.

A P lanceolata kalluszvonalak koziil egy stabilan ndovekedd és
nagy mennyiségli metabolitot termel6 vonallal végeztiink kisérleteket. A
vonal plantamajozidot és akteozidot termelt, amely standardeket
megtisztitottunk ¢és szerkezetiikket valamint jelenlétiiket a kalluszban
igazoltuk. E fékomponensek jelenléte megfelel a korabban leirtaknak (Fons
et al., 1999), (Budzianowska et al., 2004). A hatéanyag termelést elébb
kiilonb6z6 NH," / NOs aranyd, majd kilonb6z6 6sszes N koncentracid
taptalajokon val6 neveléssel optimalizaltuk.

A 20 mM N-t tartalmazo taptalajok koziil a kiillonb6z6 NH4" / NOy
aranyuak koziil a csak NOj-ot tartalmazd valtozaton volt a legnagyobb a
kallusz novekedési indexe (10,01 £ 2,32), és plantamajozid termelése (2,14
+ 0.25 %). Mindkét paraméter csokkent a ndvekedd NH4" koncentracioval
(p<0,05), 1:2 NH4" / NO; aranynal a noévekedési index mar csak 6.15 £
1.91. Az akteozid szintézisét nem befolyasolta dontéen az NH4" / NOy
arany, 0,7-0,8 % koriil alakult kezeléstdl fliggetleniil. A ndvekedés-gatlas
ismert jelenség, valdszinlileg az NH," nagyobb koncentricioban direkt
toxikus hatasanak tudhato be (George et al., 2007, p.71).

Eztuan 0:1 NH4" / NO;™ arany taptalajbol készitettiink 10, 20, 40,
60 mM N-t tartalmaz6 valtozatokat és a paramétereket ezen teszteltiik. A N
forras koncentracidja befolyasolta a novekedést és az akteozid-termelést (p
< 0,05), de a plantmajozid-termelésre nem hatott. Az akteozid-koncentracio
10 mM koncentracié mellett bizonyult maximalisnak, 1,11 + 0,18 %-nak, a
plantamajozidbol a 10 és 20 mM N-t tartalmazoé taptalajon szintetizalodott

legtobb, 2,15-2,2 %. Magas N forrds koncentracio erdteljesen csokkentette
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az akteozid szintézisét és enyhén csokkentette a novekedési indexet is. A
novekedési index 20 mM N forrds koncentracid6 mellett volt optimalis
(10.01 £2.32), mig 60 mM N mellett mar csak 5.39 £ 0.30 volt.

Optimalizalas utan az akteozid koncentraciok joval magasabbak,
mint a (Budzianowska et al., 2004) altal P. lanceolata kalluszra leirtak, a
plantamajozid mennyiség valamivel kevesebb, mint az ugyanitt leirt gyokér
eredetii kalluszokban.

Az optimalis hozamot altagos inditasi tomeggel és kultara
periodussal szamolva akteozidra a 10 mM N-t tartalmazo, 0:1 NH4" / NO5’
aranyu taptalajon lehetséges, az elméleti hozam 0.91 + 0.15 mg/lemez. Bar
a két vegylilet azonos vegyliletcsoportba tartozik, a plantamajozid
optimalisan 20 mM N-t tartalmazo, 0:1 NHs" / NOs aranyu taptalajon

termeltethetd, hozama 2,14+0,03 mg / lemez.
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3. Overview of the literature, goals

Modern pharmacognosy has become an interdisciplinar science,
that uses the results and methodology of many areas of science to achieve
one of its main goals: to provide scientific background for the application of
phytomedicine as evidence based medicine. In our work, we aimed these
kind of experiments on our selected subjects, the more common species of

the genus Plantago.

The main secondary metabolites of Plantago are iridoid glycosides
(IGs) aucubin (AUC) and catalpol (CAT), -caffeoyl-phenylethanoid
glycosides (CPGs) acteoside (ACTE) and plantamajoside (PMJ) (Figure 1.),
and similar compounds, flavonoids and polysaccharides (Ronsted et al.,
2003). There are many studies on the therapeutic applicability of the former
two groups. The IGs aucubin and catalpol have antibacterial, anti-diabetic,
neuroprotective activities (Senatore et al., 2007). Acteoside, the chief CPG
in P. lanceolata, and plantamajoside, the main CPG of P. major and several
other species, has anti-inflammatory and antioxidant activities (Galvez et

al., 2005).

The stability of medicinal plants and the products made of them is
a very important issue, but is underpresented in the literature, not to mention
the papers dealing with the causes of instabilities. Complex chemical
interactions make the stabilities of the compounds often unpredictable (Eder
& Mehnert, 1998). Without stability studies, medicinal plants cannot be

intergral parts of evidence based medicine. Therefore, we aimed to
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accomplish a stability study on the dried leaves of P. lanceolata.

OH

HO

Figure 1. Chief Plantago secondary metabolites examined in this study.
Caffeoyl phenylethanoid glycosides: a., acteoside (R=rhamnosyl),

plantamajoside (R=glucosyl); iridoid glycosides: b., catalpol, c., aucubin.

Plant tissue culture is a promising technique to produce complex
chemical structures in a relatively cheap way, but it requires several steps of

optimization (Ramachandra Rao & Ravishankar, 2002). We aimed to

13



establish a maintainable tissue culture from P. lanceolata and optimize its
secondary metabolite production in the culture by varying the NH4" / NOy

ratio and the total concentration of N sources.
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4., Novel scientific results

Regional populations of frequent Plantago species can be applied to
produce plant drugs of pharmacopoeial quality or for therapeutic

purposes.

We examined at least 4 populations of P. major, P. maritima, P.
media, P. altissima and P. lanceolata. The 1G content, CPG content and
antioxidant capacity was determined from the collected dried leaves by
capillary electrophoresis and spectrophotometric methods.

The detected chemotaxonomic pattern of the leaves was as
previously described (Ronsted et al., 2003). With respect to antioxidant
capacity and total CPG content, P. maritima samples showed the highest
values (Table 1.), while in the case of IG content, P. lanceolata populations
showed the highest concentrations. The regional wild populations contained
much less aucubin but more catalpol than commercial P. lanceolata
cultivars (Al-Mamun et al., 2008). The antioxidant capacity, especially in
the case of P. maritima can be considered high among medicinal plants
(Apak et al., 2006). The CPGs were responsible for the antioxidant capacity,
which is best described by the high Pearson correlation value (0.9202)
between the two parameters (p<0.001), this fits the previously described
data (Galvez et al., 2005). The examined populations contained the same
amount or more IGs than previously described for Plantago species (Jurisic
et al,, 2004), (Beara, 2010), which can be in part the consequence of
methodical differences. Based on the measurement's results, virtually all of
the tested populations can be applied for therapeutic purposes, or the

production of plant drugs of pharmacopoeial quality.
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Table 1. Results of comparative qunatitative analysis of regional
populations of Plantago species. Samples not sharing the same letter are
signficantly different at p<<0.05. Abbreviations: n. d., not detected; AAEAC,

ascorbic acid-equivalent antioxidant capacity; DW, dry weight.

Catalpol AAEAC total CPG

(Y%ow/w) Aucubin (%w/w) (pmol/gDW) content (%w/w)
. altissima 0,66 £0,13% b 0,55 +0,04% ab 0,2206 +0,0290a 2,40 £0,38% a
. lanceolata|0,89 + 0,22% b 0,68 £0,23% a 0,2428 +0,0191a 2,57 +£0,56% a
. major n.d. a 0,34 +£0,02% b 0,1722+0,0573 a 1,81 £0,56% a
. maritima |n.d. a 0,47 +£0,08% ab 0,4124 +£0,0701 b 4,29 +0,91% b
. media n.d. a 0,34 £ 0,05% b 0,2368 £0,0480a 2,57 +0,73% a

ja-Ta A <R v

With the use of a proper thin-layer chromatography technique,
common Hungarian Plantago species can be distinguished, except P.
altissima and P. lanceolata. This layer can also assess the content of the
main CPGs.

After examination of the extracts of P. major, P. maritima, P.
media, P. altissima and P. lanceolata leaves by thin-layer chromatography
(natural product reagent), the different chemical pattern of the species is
easily recognized. Subjecting the presence / absence of bands to hierarchical
cluster analysis, it is clearly visible, that 4 species are distinguishable, but P,
altissima and P. lanceolata cannot be resolved as two highly supported
clusters. Acteoside and plantamajoside appear as intensive blue-green
bands, that help to assess therapeutic quality of the plant drugs besides

helping identification.
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When incubating P. lanceolata dried leaves in high (75 %) relative
humidity (RH) air, the color of the plant drug changes, which is mainly
caused by chlorophyll degradation, but this change does not necessarily
mean loss of bioactive metabolites.

P lanceolata dried leaves were stored in different humidity
atmospheres (0, 45, 75 % RH) for 24 weeks, and several apparent changes
were detected. Leaves showed browning and darkening by the 8" week at
75 % RH, and after that, color change continues with less intensity by the
end of the incubation. Quantifying the color change by reflectance
spectrophotometry it was observed, that CIEL*a*b* color parameters
showed intense shifts: parameter a* changed from -2.48 + 0.34 to 2.91 +
0.24, b* from 3.06 £0.15t02.21 £ 0,68 and L* 61.4 +5.18 t0 49.7 + 1.73.
These changes are 17.89, 5.07, 2.61 times greater than in controls (p <
0.001). The pigments chlorophyll a and b, as well as pheophytin a and b
were quantified with the method of (Kupper et al., 2000). We found that the
degradation of chlorophylls a and b correlated very well with changes in a*
and b* (Pearson correlation value between chl a concentration vs. a* and b*
are -0.927 and 0.830, respectively). A concurrent increase in Pheo a
concentration was also detected. Degradation can be non-enzymatic in plant
matrices (Kohata et al., 2004), which can be the case here. Direct link
between metabolite composition and color change could not be established
(low correlation values). As most of the change takes place at the first 8
weeks, when no significant metabolite loss occurred, it can be stated that
color itself as a quality parameter is rather applicable for the detection of
water exposure, but browning does not necessarily mean the loss of

therapeutical value.
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When incubating P. lanceolata dried leaves in high (75 %) relative
humidity (RH) air, the bioactive compounds of the leaves (aucubin,
catalpol, acteoside) decompose, and at low RH (45 %) bioactive
metabolites are maintained.

During the incubation of plantain leaves in different RH
atmospheres, the bioactive compound concentrations were determined by
capillary electrophoresis and quantitative thin-layer chromatography. The
acteoside content of the leaves at 75 % RH decreased from 2.69 + 0.53 % to
0.79 £ 0.09 %, aucubin content from 0.85 £+ 0.06 % to 0.04 = 0.01 %,
catalpol content from 0.71 £ 0.09 % to 0.02 + 0.02 % (p<0.001). At 45 % or
0 % RH, no metabolite loss was detected, therefore quality of the plant drug
can be maintained at low RH. Similar phenomena was described previously
only for other secondary metabolite families (Ortiz et al., 2008), (Heigl &
Franz, 2003).

Filamentous fungi are responsible for the metabolite (aucubin, catalpol,
acteoside) degradation observed in P lanceolata leaves during
incubation in high RH air.

Sterile water extract of P. lanceolata dried leaves was incubated
with ten filamentous fungal starins isolated from the plant material for 15
days. Strains were identified with molecular biological methods. We
detected loss of aucubin, catalpol and acteoside in the case of many strains
compared to control (Fig. 2.). Seven of ten strains were able to decompose
both IGs in the modell solutions in, and five of ten strains were able to
decompose acteoside. As no significant reduction was observed in controls,

the role of water as a reaction partner seems less important, though this
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would be theoretically possible (Bianco et al., 2003). Most active
decomposing species were Bipolaris tetramera, Epicoccum nigrum and

Cladosporium pseudocladosporioides.
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Figure 2. Residual metabolite concentrations in sterile P. lanceolata water
extracts, incubated with isolated filamentous fungi after 9 days. AUC,
aucubin, CAT, catalpol, ACTE, acteoside; *, p<0,05; **, p<0,01; ***
p<0,001. Fungal isolates: FI1, Aspergillus niger; F12, Leptosphaerulina
chartarum; F13, Aspergillus nidulans; F14, Eurotium amstelodami; FI15,
Cladosporium pseudocladosporioides; F16, Penicillium chrysogenum; FI7,
Bipolaris tetramera; F18, Epicoccum nigrum; FI9, Eurotium repens; FI10,

Eurotium repens.
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The plantamajoside content of P. lanceolata calli depend on the NH," /
NOj ratio of the medium, while the acteoside content depends on the
concentration of the total N source.

Experiments were done on a stable P. lanceolata callus line, which
grew well and produced a satisfactory amount of secondary metabolites.
The line produced large amounts of acteoside and plantamajoside, which
were purified as standards from field sample leaves and their presence in the
extract of the calli was proven. The presence of these chief compounds
corresponds to previously described literature (Fons et al., 1999),
(Budzianowska et al., 2004). Production of CPGs was optimized by
growing the calli on media with different NH," / NOs ratios, then on media
with different concentrations of N sources.

Of the different media containing 20 mM N source, the best growth
index (10.01 = 2.32) and PMJ production (2.14 + 0.25 %) was achieved on
the only nitrate-containing medium variate. Both growth and PMJ
production were reduced with increasing NH4" concentration (p<0,05), at
1:2 NH," / NO;y the growth index was only 6.15 + 1.91. Acteoside
concentration was not influenced by NH4" / NO5™ ratio, 0.7-0.8 % values
were detected for all media. Growth inhibition is a known phenomenon in
plant tissue cultures, it is probably a consequence of direct toxicity of higher
concentrations of NH4" (George et al., 2007, p.71).

After that, media with 0:1 NH4" / NO; were tested: calli were
grown on media containing 10, 20, 40, 60 mM N source. The concentration
of the N source did not alter PMJ production, but did cause changes in
growth index and ACTE production (p < 0,05). ACTE concentration was

maximal at 10 mM nitrogen source (1.11 £+ 0.18 %), PMJ content was high
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at the media containing 10 or 20 mM nitrogen source, 2.15-2.2 %. High
concentration of N source dramatically reduced ACTE content and to some
extent reduced the growth index as well. Growth index was optimal at 20
mM N source (10,01« 2,32), while at 60 mM it was only 5,39 = 0,30.

After optimization, ACTE concentrations were much higher, than
described by (Budzianowska et al., 2004) for P. lanceolata calli, PMJ
content was somewhat less, than described at the same place.

Optimal yields were calculated using mean starting mass, growth
index and metabolite content. Optimal ACTE yield can be obtained on the
medium containing 10 mM N source, and 0:1 NH," / NO;™ ratio (only
nitrate), it was found 0.91 + 0.15 mg/plate/culture period. Plantamajoside
yield was maximal on 20 mM N source, and 0:1 NH4" / NOs™ ratio (only

nitrate), a theoretical mean being 2.14+0.03 mg / plate.
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