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Abstract

The main aim of this thesis was evaluation thee@ffof mescaline precursors and
elicitors on the production of mescaline in caltudture of Trichocereus pachanoiCallus
used for the experiment was obtained by regulacudtibations on MS cultivation medium
containing 1 mgt of 2,4-D and 1 mg of thidiazuron. This medium was also used for the
experiment. Effect of dopamine, tryptamine, argenand tyrosine at concentrations 100, 200
and 500 mg 1 on mescaline production was studied. Calli weretken media with
precursors/elicitors for 2 and 4 weeks. Mescalinalysis was performed using HPLC.
Dopamine at the highest concentration (500 Hgaind applied for 4 weeks was the only
treatment able to produce mescaline. The contdntsescaline were 0.413 x famg kg* in
fresh callus and 9.43 x £amg kg' in dry matter. The growth of calli was also obsetvit
was found that dopamine accelerated callus growthpared to control treatment. Media
enriched with tryptamine and arginine shown evehéi rate of callus growth as compared to
dopamine, but they did not produce mescaline. Tyeosad toxic effect on callus and no
mescaline was in this callus detected. Rate otisgtowth did not differ significantly among
various concentrations within each substance tre@itnThis research provides the first results
about mescaline production undetrvitro conditions inT. pachanoiand clearly indicates that
dopamine, as the closest chemical substance irboletgpathway of mescaline, is the most
effective in production of this alkaloid. The resalso suggests that dopamine should be

tested in further research in suspension culturdoagan cultures off. pachanai

Keywords: biosynthesis of alkaloids, elicitorsin vitro, high performance liquid

chromatography, mescaline, precurdaichocereus pachanoi



Abstrakt

Cilem diplomové prace bylo stanoveni vlivu prekuwiz meskalinu a vybranych
elicitora na produkci meskalinu v kalusové kutkaktusuTrichocereus pachanoKalusové
kultury byly pro &ely pokusu namnoZeny na MS médiutslavkem 1 mgt2,4-D a 1 mgt
TDZ. Toto médium bylo row¥ vyuZito pro zaloZeni pokusu. Byl testovan vlivpdminu,
tryptaminu, argininu a tyrosinu o koncentracich ,1@00 and 500 mg™l na produkci
meskalinu v kalusovych kulturackkgiovanych na uvedenych médiicki2l tydny. Stanoveni
meskalinu v rostlinném pletivu bylo provedeno pomoegysoko&inné kapalinove
chromatografie (HPLC - high-performance liquid ahatography). Studie ukézala, Ze pouze
aplikace dopaminu v nejvysi testované koncentrd®d(mg 1) po dobu 4 tyda vede k
produkci meskalinu. Obsah meskalinu bylerstvém hmat stanoven na 0.413 x £ong kg*

a na 9.43 x 1® mg kg' v susig. RovrsZ byl sledovan vliv prekurzéfelicitora na fist
kalusu. Bylo zjistno, Zze dopamine urychlujést ve srovnani s kontrolni variantou. Média s
obsahem tryptaminu a argininuélka na tvorbu kalusu jeStvyrazrgjSi pozitivni vliv nez
dopamin, avSak wthto kalusech meskalin nebyl z{i8t Tyrosin vykazoval toxicky vliv ha
kalus. Meskalin v tomto kalusu ro%h nebyl detekovan. Dale bylo zj#b, Ze dst kalusu
neni vyrazg ovlivnén koncentraci prekurzoru/elicitoru. Tato studie Kybsje prvotni
vysledky o produkci meskalinu wm vitro kulturach druhuT. pachanai RowZ doklada, ze
pii tvorbé meskalinuin vitro. Tyto vysledky ukazuji, dopamine je slibnou latkgtuprodukci
meskalinu, a Ze by &byt aplikovan v rdmci dalSiho vyzkumu v suspechré organovych

kulturachT. pachanai

Kli¢ova slova: biosyntéza alkaloitl elicitory, in vitro, meskalin, prekurzorTrichocereus

pachanoj vysokowinna kapalinova chromatografie,
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1. Introduction

In vitro techniques are considered as an alternative saarttee whole plant for the
production of valuable compounds. Differeint vitro strategies have been developed to
increase the content of plant secondary metaboliteese strategies can be cell and callus
culture, organ culture, cell immobilization, additi of precursors and elicitors, etc. (Naivy,
2011). Secondary plant compounds of commerciatestehave been included in three main
categories according to their biosynthetic pathwagspenes, phenolic compounds and
alkaloids (Costa, 2012). Alkaloids are a diversaugrof compounds with about 4,000 known
structures. These are physiologically active in aosh(cocaine, nicotine, morphine) and of
course of great interest in the pharmaceuticalstg(Sajcet al, 2000). There are studies that
show the successful production of alkaloids inusaltulture and states that this method is
suitable for enhancement of the production of alkis easier than other methods (Vanisree,
2004).

The large columnar cactuiichocereus pachandsritton and Rose, also called San
Pedro has been used for centuries in South Amedcthe basis of a hallucinogenic drink
(Schultes, 1970). San Pedro has an essential dumictiAndean folk medicine to cure diseases
related to headache and many others related tspingéual part (De Feo, 2002). The main
alkaloid present in San Pedro is mescaline whichsponsible for hallucinations caused when
the drink is ingested. The alkaloid mescaline hesnbstudied for years because of its strong

effect on the psychic states of human subjects.

Recently there are not many reports available ominfig cultivation of San Pedro for
the commercial purposes. Biotechnological techrsqueay help to conserve this plant
material and exploit its benefits. The addition miescaline precursors or elicitors in
cultivation medium may represent an attractivetsgato increase the content of mescaline in

tissue cultivated undén vitro conditions.

Thus, the aim of this thesis is evaluation of fdifferent precursor/elicitors, namely
arginine, tyrosine, tryptamine and dopamine atdatoencentrations on mescaline production

in callus culture offrichocereus pachanoi



2. Literature review

2.1 Taxonomy classification

The genudrichocereuselongs to the subtribe Trichocereinae Buxbaumglwvim turn
belongs to the tribe Trichocereeae Buxbaum, sulyai@actoideae (Buxbaum, 1958).
Spegazzini (1896) was the first that describedydreusTrichocereusut it was established by
Riccobono (1909) who relied on the subgenus oftree name created by Berger (1905) that
recognizedTrichocereusas a genus based on the columnar stems and piflasitgrs by the
description of two species which wer&richocereus macrogonusand Trichocereus
spachianus Above different species were almost includedimlithe giant genuLereus
covering all of columnar stems cacti, othersBHohinopsisgenus due to the shape and
hairiness of flowers and a few in other genus, sagfichinocereusPilocereus etc. The first
key to differentiate the species was establisheBritjon and Rose (1920) who recognized 19
species, and designati@greus macrogonuss the type species. This genus was not modified,
except for some new species added, until Backeld®4P) created the typgdelianthocereus
for Trichocereusspecies with short flowers (about 13 cm), usuatjodul and with day-
opening flowers. Kiesling (1975) indicated thatrthere 50 species and 20 of them are
endemic from Argentina but actually Torres (2008)wsed thaflTrichocereushas 40 species.
Kiesling (1975) also mentions thatlelianthocereus corresponds to a subgenus of
Trichocereus because the characteristics that were used tioglissh these species presents
wide variation and species are also so relates ntlakes it difficult to have only one reference
about them, especially witH. pseudocandicanand T. candicansFinally Friedrich (1974)
subsumedrichocereusunderEchinopsis It is based on the similarity of the flowers $koof
Echinopsisare much narrower and looser hairiness) and exist®f Trichocereusspecies
whose stems are globose dachinopsiswith columnar stems (only two species, one of each
IS genus, with the exception characters). Howewes,opinion was not shared by a number of
other authors such as Kiesling (1978), Ritter (39&@ambert (2010), Schick (2011), and
Albesiano and Terrazas (2012). Geographic&8thinopsisand Trichocereusboth overlap

only marginally, becausgchinopsisextends from the Atlantic to the Andes africhocereus
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is almost exclusively from Andean extending outsidéhe area of Sierras Pampeanas, both in
the southern half of South America (Kiesling, 1978)chocereuss also close thobivia, so
some its species (the shorter flowers) were alstuded in that genus. A group bbbivia
species has stems extraordinarily big for that gefihe systematic position of these taxa is
questionable, but it is closer taobivia than Trichocereus(Kiesling, 1978). But Friedrich
(1974) considered them as "Series" within the sabgeérichocereuAccording to mentioned
above the taxonomy and systematicd nEhocereushave been problematic, and acceptance

of the genus has been questioned, as well as thberwof its related species and groups.

Britton and Rose (1920), and Friedrich (1974) manthatTrichoereus pachandsan Pedro

belongs to the following taxonomic classification:

Kingdom: Plantae
Division: Angiosperms
Order: Caryophyllales
Family: Cactaceae
Sub family: Cactoideae
Tribe: Trichocereeae
Genus Trichocereus
Species T. pachanoi

Synonym Echinopsis pachanoi



Common names:
According to Kvist and Moraes (2006):

San Pedro (General name) Achuma, Giganton, Huagh{iftnuador, Peru, Bolivia),
Wachuma, Agua-collo and San pedrillo (Ecuador aacu}? Cimarron and Huando (Peru),

Olala and Curi (Bolivia).

2.2. Origin and general distribution

Cactaceae family is native to the Americas onlyvds unknown prior to the discovery
of America by Columbus represented by 100-200 geard over 2000 species, typical of arid
regions, but also habit in rainforests and coldgerate areas (Kiesling, 2003; Cabral, 2010;
Kieslinget al, 2011).

The genuslrichocereusxpanded from the Andes of Ecuador, Peru, Bol@iale and
Argentina, reaching in this last country the exAradean provinces of Cordoba, La Pampa and
Buenos Aires, as shown in the figure 1 (Britton &ake, 1920; Shultes, 1976; Kiesling,
1975; Kiesling, 1978; Torres, 2008; Lambert 201&dnget al, 2011).

Britton and Rose (1920) and Backeberg (1944) weeditst who reported the origin of
Trichocereus pachanoirhey indicated that this species is widely calted in Ecuador and it
is apparently native to Andes from regions of Sotierica and occurs at altitudes of 2,000-
3,000 m.a.s.l. This information was shared laterSmhultes (1972) and Katarzyre al
(2013) who stated specifically that the San Peslfoom Peru and Ecuador.
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Figure 1. Distribution of the genusrichocereugSource: Backeberg, 1944)

2.3. Botanical description and reproductive biology

The genusTrichocereusare columnar plants up tol5 m hight, with cylindlistems,
more or less branched; the branches can be froé @&¥light green, dark or gray, narrow,
straight or slightly curved (Fig. 2C), the shallos are short from 9-40 cm long and wide up
to 5cm, they can be few to numerous, either lovpraminent, usually very spiny. Areoles
could be round, oblong or obovate, short (up tontd high) and pannose with white, yellow,
gray, brown or black hairs. They are also strongbolly when young (Albesiano, 2012;
Albesiano and Kiesling, 2012; Buxbaum, 1958; Larhb2010). Spines are terete flexible or
rigide, they have brown tips and a light green bésg. 2A). Flowers are nocturnal,
zygomorphic, ranging in shape from campanulatentondibuli form, with large tepals from
8-30 cm long, funnel form usually white or whiti@fig. 2B), or brightly colored in some taxa
(Shick, 2011).They also are apical or subapicalpdganth are persistent or separating from
the fruit by abscission; perianth-segments aregatad; it has numerous stamens, filiform,
arranged in two groups. Stigma-lobes are numerowasy (2-3 cm in diameter) and flower-
tube (4-7 cm long) are bearing with numerous scdtem axils bearing with gray, or white

long hairs, nectaries 3—4 mm in diameter, tubdtmens white, 13—23 mm long, arranged in



two series; the first series distributed along fibeal tube (Albesiano, 2012; Albesiano and

Kiesling, 2012). Fruit is an umbilicate berry (gtse to ovate —fleshy capsule) from 3—4 cm
long and 3-5 cm in diameter, deshiscent for ongitodinal scars, yellow to orange and

greenish when are ripen, covered with subulateescalxils have abundant brown, gray or
white hairs of 4-6 mm long; exocarp is dark andegremesocarp and endocarp are white.
Seeds are black to brown color with double testaegliag, 1978). The cells of tegument are

hexagonal or subhexagonal, with its sides moress inarked and perforations in their angles.
Roots are fibrous (Buxbaum, 1958; Lambert, 2010).

On the other handirichocereuds a nocturnal genus whose period of anthesis ¢Bj.
extends into the morning hours of the next day i&gt2011). Pollination has been found to
be bimodal inTrichocereusgenus. It first occurs from about dusk to midnigatried out by
hawkmoths, then resumes during the following magrog insects, mainly bees. This has been
shown by Schlumpberger and Badano (2005)richocereus atacamensssibsp Pasacang
also by Walter (2009) ifrichocereus chiloensisubsp chiloensis and Ortega-Baest al

(2010) inTrichocereus terscheckii

Badano and Schlumberger (2005) observed that flowErEchinopsis atacamensis
subsp.pasacanaare xenogamous, therefore depending on animajf@dmote outcrossing
(Echinopsisgenus is a columnar cactus similarTtochocereusgenus). The white-pinkish
flowers open in the evening and remain open dutliegnext day (De Vianat al, 2001).
These studies also showed that nectar productidhergenusTrichocereuswas highest at
night but only diurnal bees were reported to vikg flowers (Badano and Schumberger,
2005).



Figure 2. Some morphological characteristicsloichocereus pachanpBritton and Rose: A)
Flower with nocturnal habit, B) Stem covering wihines, C) Branches with flower buds.
(Source: Ostalaza, 2011)

2.4. Propagation

Reyes (1994) mentioned that succulent plants emgageted by two main ways, sexual
reproduction through seeds and vegetative propag#trough buds, cuttings, stems, leaves

and grafting.



2.4.1. Generative propagation

Reyes (1994) and Alvarez and Montafia (1997) stdtaithe method of propagation is
the most important because most cacti and suceufEontuces lots of seeds and allows the
production of thousands of plants with geneticatéwn, and it is a very important factor for a
program of ecological restoration. Reyes (1994) aldicates one way how to propagate cacti
by seeds which is immersing the seeds in sterdglldd water at 50 °C for 5 minutes and let
cool to room temperature for 24 hours. Many seedmmate without this treatment, but at a
lower percentage. In the case of other succul@etptegerminative treatment (soaking) is not

necessary because the seeds are too small.

Most seeds need three factors. Water, temperahgdight for germination (Vasquet
al., 1995). Maitiet al. (1994) developed a simple technique to induce oetmon of several
species of cacti. The technique is to germinatdsaePetri dishes with fine sand and organic
material within a growth chamber with a photoperadd 4 hours. This treatment is supporting
by Gémez (2002), which is for to break the dormanicyeeds.

Other similar method was proposed by Kelly (20@®p mentions the seed should be
sown in shallow wide containers in a soil mix tlagsures good drainage, provides air and
some organic matter to hold nutrients and moistiixes should contain 50% inorganic
material such as perlite or pumice. The other bathe mix should be either sphagnum peat
or well composted organic material. Animal manwgiesuld be avoided because it may inhibit
seedling establishment. The appropriated night tiemperatures is 18-21 °C this rank is

conducive to good germination and growth.

2.4.2 Vegetative propagation

Kelly (2009) mentions that vegetative propagatielies on the plant ability to produce

new roots and shoots from an existing part of thatgsuch as a stem or leaf.



2.4.2.1. Propagation by cuttings

As many other plant§;richocereus pachanaan be propagated by cuttings. The result
is a genetic clone of the parent plant cuttingsr(ée 2004). Reyes (1994), Kelly (2009) and
Lépez (2006) stated that cuttings are the easietfiod of asexual propagation. The stems of
cacti are cut into pieces and putted in a dry ptacgait them to heal and planting them in the
substrate.

Verne (2004) describes one example of propagdtioouttings and he recommended
that the cutting must be 15 cm long and it is peddke the end part of a cactus column. This
can be cut off with a knife, then the cutting canldft to dry for about two weeks in the shade,
or in a dry place. This is so that the surfacehef tut end dries to keep the cuttings out
microbes such as fungi and bacteria. The cuttimgbeadipped in rooting hormone (optional,
but effective) and planted on the surface of oidslito a maximum deep of 2.5 cm in good
propagation media mixed with some sand and pefilhe.sand and perlite will ensure that the
media will drain and not stay too wet. The cuttiadept in the shade or indirect sunlight, so

that the root system can develop and the cactus mimtegrow too thinly.

2.4.2.2.1n vitro propagation of Cactaceae memebers

Plant tissue culture represents a viable altereator the propagation andx situ
conservation of cacti and acquires greater valuthefy are in a category of threat. The
micropropagation techniques have been applied tows members of the Cactaceae family
with significant progress. Many of these studiegehbeen conducted in various countries in
Europe, United States of America , Japan and qtlaetls Mexican species several years ago
(Smith et al, 1991; Stuppy and Nagl, 1992; Machado and Pri®96; Papafotioet al,
2001, Giustiet al, 2002).In vitro techniques have the potential to produce manytplana
short time in minimal space and their success hhaady been demonstrated for several cacti
species. Micropropagation by axillary shoot probteon is primarily applied for the
conservation of rare and endangered species (RaMiagagonet al, 2007). In addition, the

aim can be the mass propagation of plants for cacialgurposes (Pérez-Molphe-Baleh



al., 2002; Sanchez-Martinez and Hernandez-Martin8@2p Somatic embryogenesis-based
plant regeneration has also been reported in desatus species (Santacruz-Ruvalcabal.,
1998). Callus cultures were used as target tissupsoduce transgenic plants in economically
important cacti (Silos-Espinet al, 2006). This technique can overcome certain #itiahs
associated with conventional propagation of rareticand can be excellent tool for cacti
micropropagation and has been used on speciesi@pacthe gener@®puntia(Garciaet al,
2005). It has been described that auxins affeceldpment, cell growth, embryo formation
and callus induction in different species. KinefikIN) and benzylaminopurine (BAP) are
synthetic cytokinin commonly used in plant celltaué to generate somatic embryogenesis,
organogenesis and callus formation in cacti (Shikdb&t al, 2010). Seemast al (2007)
realized one study on micropropagationifathocereusggenus. It had been proved that the use
of 0.1 mg T'of a-naphthaleneacetic acid (NAA) and 1.0 mg bf BAP is excellent for the
formation of buds. No callus was obtained.

Addition of amino acids (proline and glutamine) darorganic supplements
(carbohydrates and peptone) also have a promoffiegteon in vitro culture development
stimulating cell proliferation. Vitamins, like biatimproves the physiological responseirof
vitro cultured recalcitrant species (Al-Khayri, 2001).n Aadditional advantage of
micropropagation is thah vitro development of cactus plantlets can be extrenmeghydrin
comparison witrex vitro cultured seedlings (Ault and Blackmon, 1987; Gepfd$96). Malda
et al (1999) showed thah vitro cultured plants ofCoryphantha minimagrew more than
plants cultured under similax vitro conditions. This may be due to high humidity, plan
growth regulators, and high sugar concentratiothéculture median vitro propagation of
Mexican species of cacti has been demonstrateM&mnmillaria san-angelensi@Vartinez-
Véazquez and Rubluo, 198. candida(Elias-Rocheet al, 1998),0bregonia denegriand
Coryphantha minimgMalda et al, 1999). In a previous study, Pérez-Molphe-Badthal.
(1998) developed systems for micropropagation o§@dcies of Mexican cacti belonging to
the genera Astrophytum, Cephalocereus, Coryphantha, EchinasactEchinocereus,
Ferocactus, Mammillaria, Nyctocereumd StenocactusMany different media and hormones
have been tested for cacti propagation, but onfigswm cases the concrete protocol have been

useful for more than one species (Mauseth, 1978ytGh et al, 1990). Several research
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papers on the micropropagation of Cactaceae cafoured in the literature, buin vivo
acclimatization of the plantlets obtained is nowvas reported, and in some cases this is
shown to be critical in phase of micropropagatiBualfluoet al, 1993; Rodriguez-Garay and
Rubluo, 1992; Smitlet al, 1991). Nevertheless, for conservation purposés ¢rucial that
micropropagated plants are re-established in tthe anid complete their life cycle (Rubled

al., 1993).

2.5. Chemical composition

2.5.1. Content of mescaline and other compounds Trichocereus pachanoi

Schultes (1976) mentions that San Pedro has the saain alkaloid found in Peyote
(Lophophora williamsji, which is mescaline (3,4,5-trimethoxy-phenethyitzah responsible
for the visual hallucinations caused by both speoiecatci. Mescaline has been isolated not
only from San Pedro but also from another speci€krichocereusas was desmonstrated in
the realized experiment by Retti (1947) who foume @nzime called tyrosinase which is
responsible for the process of mescalinizationnimal and plants. He also found mescaline
in plants ofTrichocereus candidanandTrichocereus tercheckDther report was carried out
by Agurel (1969) who identified mescaline from Jiesies ofTrichocereus: T. bridgessr.
comarguensis, T. candidnas, T. chilensis, T. ladpiarus, T. macrogonus, T. pachanoi, T.

peruvianus, T. schickendantzii, T. spachiaffugerscheckiandT. werdermannionus

In addition the same author Agurel (1969) combiged-liquid chromatography with
mass spectrometry (GLC-MS) and identified in thanplof Trichocereus pachanpapart of
mescaline, traces of alkaloids as tyramine (substdound in the brain to communication of
neurons), hordenine (cardiovascular stimulant), eé2hoxy tyramine, 3,4-dimethoxy-S-
phenethylamine, 3,4-dimethoxy-4-hydroxy-/3-phenkthyne, 3,5-dimethoxy-4-hydroxy-/3-
phenethylamine, and anhalonidine (central nervoystemn depressants). According to
Kowalczuk (2012) inT. pachanocan be found 5% of mescaline in parenchyma catdilan
dry material basis and 0.8% in the whole plant (@mqdedest al, 2010). On the other hand
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the content o mescaline Th pachanoican be variable, depending of edafoclimatic caowlst
(origin), age, and the efficiency of isolation arttntification process of alkaloids. This
analysis was verified in the studies realized byidgpdedest al (2010) who determined the
mescaline content of. pachanoiplants in Peru, the values varied between 0.544a7%h

(Matucana-Peru), and surely could be contrastedtfar authors.

2.5.2. Biosynthesis and importance of mescaline

Mescaline is the found in key hallucinogenic substapeyotel{(ophophora williamsi
and several other psychedelic plants, including Thiehocereusgenusfrom Cactaceae
family. Mescaline belongs to a class of chemicalled phenethylamines (Olive, 2007).
Mescaline was discovered in 1960 by Turner and Heyas the plant's major alkaloid, in the
cactusOpuntia cylindrica(Turney and Heyman, 1960). The chemical name dfcalae is
3,4,5-trimethoxy-phenethylamine, and its chemidalicture resembles that of other illegal
drugs such as amphetamine as well as the brain's paurotransmitters epinephrine
(adrenaline) and norepinephrine as shown in thedi@ (Olive, 2007).

OH oH H O —CH3
| | CH3—O oo
OH C —C—NH CH3—O C —C — NH>
H H CH3 |1| ]I—]
Epinephrine
(adrenaline) Mescaline
OH
OH H |I_| H
| | ]
o | W
H H H CHx

Norepinephrine
(noradrenaline) Amphetamine

Figure 3. Chemical structure of mescaline in relation withe tdrugs amphetamine,
epinephrine and norepinephrine (Source: Olive, 2007
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Olive (2007) describes the effect of mescalinettie human body apart of the
psychedelic effects, these are: increased heararat blood pressure, increased patellar reflex
of the knee, dilation of the pupils, increased peasion, increased motor activity and
“fidgeting”, changes in posture or difficulty walld, changes in body temperature, changes in
levels of sugar, potassium, and white blood cellshe blood. One example of the use of
mescaline was found during the Second World Wamymgarisoners of war were given
hallucinogens in attempt by their Nazi captorsaomgnind control and extract information. In
this case the mescaline acted as a hypnotizerd07).

On the other hand, the mechanism of action of alggchas not yet been fully clarified,
but there are some known mechanism such as atteratinormal metabolism such a way as
to cause hallucinations and mescaline-protein cexntiat is responsible for the characteristic
central effects (Kovacic and Somanathan, 2009)eRécit has been observed that mescaline
(similarly to other hallucinogens) acts as a phegonist 5-HT2A receptors for serotonin, the
stimulation of which leads to an increased relessglutamate in the cortex brain which, in
turn, appears to be responsible for the cognitistodions, caused by the perceptual and
affective compound (Aghajanian and Marek, 1999).

Malits (1966) mentions the effects of hallucinogesuch as mescaline and others
compounds and he states that they have a unigpenyoof evoking a number of powerful
perceptual distortions such as visual hallucinatiaifusions, and disturbances of body image
and synesthesia with minimal disturbances in ogiggort or consciousness. The same author
describes the possible therapeutic benefits ofibialbgens from the psychiatric point of view.

There are three major areas:

» Abreaction: is a psychoanalytical method for relgzan experience in order to purge it
of its emotional excesses; a type of catharsiss Thethod with sodium was used
during the World War 1.

» Intensification of the transference: is the mostpantant factor in facilitating
psychotherapy with hallucinogens.

» The recovery of repressed material, particularijdblmod experiences.
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Dewick (2002) characterized the mescaline biomgithin the cactusophophora
williamsii (Cactaceae) with the parallel biosynthesis of myree, horenine, dopamine,
noradrenaline and adrenaline all of these alkaldeisvate from phenylalanine and tyrosine
aminoacids. The first step of this process stagmphenylethylamine derivatives possess 3,4-
di- or 3,4,5-tri-hydroxylation patterns, are dexvvia dopamine, by decarboxylation product
from L-DOPA (L-dihydroxyphenylalanine) (precursof the mescaline) then the aromatic
hydroxylation and O-methylation reactions convespamine into mescaline (Fig 4). This

description is similar to the characterization ph@y (2007) about mescaline biosynthesis.

- biosynthesis from tyrosine:
| yrosina
' o 5 . . l
ﬁ\r » |£J HOWCOQ _._PLF. 0 |&J o X SAM VN
- . JX 3 I
Fa W’ NH3 NH NHy —=
HO 0 HO' o c‘c KO : HO : MO HFe
]
tyrosine DOPA ! dopamine OH OMe
mechanism-  DihydiOxyPhenylAlenine mescaline
50 next siide

Figure 4. Biosynthesis of mescaline (Source: Dewick, 2002 $pivey, 2007)

Acosta (2008) also described the same route nrexdiby Dewick (2002) and Spivey
(2007) of biosynthesis of mescaline and he alsestihat L-DOPA is the direct precursor of
dopamine and other compounds such as mescalinedmipd and others.

2.6. Tradicional uses

Trichocereus pachan@an Pedro has a long history of being used infSaAaterica for
longer time. Archeological studies have found enaieof use going back two thousand years,
the representations of the cacti have been fou@havin engraved stones and textiles, Nazca,
Moche and Chimu ceramics (Bussmann and Sharon,)28@6ording to De Feo (20027,
pachanoihas an essential function in the Andean traditiomadicine. San Pedro importance
is closely related to mescaline, because it isthe hallucinogen compound. The use of San

Pedro, together with additives like Angel's-Trum(@&tugmansia spp, Jimson-weedFatura
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ferox), and tobacco, is still the central part of theiray ceremonies of healers in Northern
Peru (Bussmann and Sharon, 2006). Schultes (19&jtions that one of the ancient
traditional uses of the native people is the Cimmehach is an intoxicating drink made from
the San Pedro cactus. The preparation consistaattthe stems like loaves of bread and then
boiled in water for several hours, sometimes withesstitious objects such as cemetery dust
and powdered bones. The same author also menhah€imora is the basis of a folk healing
ceremony that combines ancient indigenous rituah wnported Christian elements. The
author also shows one observation about the phaintating it as catalyst that activates all the
complex forces at work in a folk healing sessiospeeially the visionary and divinatory
powers of the native medicine man. Feo (2002) zedlia study in the Northern Peruvian
Andes and he made a description of preparationaof FBedro drink which consists in the
decoction of rounded pieces of stem or trunk inewand then they are boiled for several
hours, until the volume of water is reduced to df4he initial volume. The dosage by mouth
is 3 cups of cooled decoction during the ritual €5ada”) and may be given only by the
“curandero.” The same author also mentions thabatemn of the plant is used with some
ritual purposes: such as shamanistic diagnosisi@filinesses, divination in past and future
times, location (“rastreo”) of peoples and thingstlin time and/or in the space and

prescription of ritual therapies.

2.7.1n vitro production of secondary metabolites

2.7.1. Importance and classification of secondary atabolites

Secondary metabolites are compounds derived fnramapy metabolism but of limited
distribution in the plant kingdom, restricted tgparticular taxonomic group (Shilpet al,
2010). Formerly it was accepted that secondarytanbss were produced with nonspecific
relating functions, after it was found that manytloése have high yields and have multiple
roles in plants (Wink, 2007). The secondary compisumave no apparent function in primary
metabolism but they have an ecological implicatisna defense against herbivores, viruses,
fungi and bacteria, as allelopathic substancestoplgxin or dietary deterrent (Bourgaet
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al., 2001). Others have a physiological function,hsas alkaloids, pectins that may serve to
transport toxic nitrogen and storage compounds,lewttie phenolic compounds such as
flavonoids realized the function of UV protectoW/ifk, 2007). They are also an important
source of active ingredients of drugs and valuahkmicals (Goossers al, 2003). Although
most of the drugs are obtained by chemical syrshesost of the main structures are based on
natural products. Globally there are 44% of newgdrbased on natural products and in
developed countries 25% of medicines are derivednfplants (Hag, 2004). Such is its
importance that approximately 60% of anticancer poumds and 75% of infectious diseases
drugs are natural products or their derivativesa¢@rand Newman, 2005). There are many
examples that demonstrate its use. Among them eamdntioned the isolated alkaloids of
Physostigma venenosuased for constrict the pupil, unlike isolated atkds from Atropa
belladonnathat engorged them; cardiac glycosidesStfophantusspecies are effective as
heart stimulants. Similarly, aspirinis used as aalgesic and to prevent heart attacks and
blood clots is a derivative of salicylic acid antdis found naturally in the genuSalix
Secondary plant compounds of commercial intereste hlaeen included in three main
categories according to their biosynthetic pathwagspenes, compounds phenolic and
nitrogen compounds (Chinou, 2008). Terpenes araddrby polymerization of isoprene units
and steroids (Sarin, 2005) and divided into sixugg monoterpenes, sesquiterpenes,
diterpenes, triterpenes, and tetraterpenes stemtlsin which carotenes, cardiac glycosides,
taxol are among others (Shilpaal, 2010). Phenolic compounds phenolic acids, coursar
flavonoids and tannins are included. Pharmaceuagglications of these compounds are
considerable concern about its effects as analgesitibacterial, antihepatotoxicos,
antioxidant, antitumor, immunostimulant, among oath€Gurib-Fakim, 2006). Nitrogen
compounds are mainly alkaloids and cyanogenic gigas. Moreover, cyanogenic glycosides
are considered possibly secondary metabolites gagater defense functions (Bennett and
Wallsgrove, 1994). A large group of natural progulcave also been ranked by application.
These include pharmaceuticals that are groupedoadka(vincristine, vinblastine, ajmalicina
atropine, berberine, codeine, reserpine, nicoticenptothecin), cardenolides (digitoxin,
digoxin), diterpenes (paclitaxel); flavor and flanads as stevioside, quinine, products used as

pigments and perfumes such as anthocyanins, betalail of roses and jasmine and end
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products used for chemicals and agrochemicals gegas proteases, vitamins, lipids, oils,
latex , etc (Ramachandra and Ravishankar , 2002).

2.7.2. Types ofn vitro culture techniques for the production of secondary metabiks

2.7.2.1. Cell culture

The advantages of cell culture, specifically cglispensions, are to allow a similar
operation to that performed with microorganismgjdacell division and can perform scaling
by new techniques such as bioreactors (Vanistes., 2004). However, not all compounds
are produced in undifferentiated cell in equal dipand quality than those obtained from the
mother plants. This is because many metabolitesnéegrated synthesized in differentiation
events (Kreis, 2007). Various authors have repottedidentification of cell lines that can
produce metabolites in amount to equal or grehtar that produced under natural conditions.
Also new substances have been detected, whichoargynthesized by plants in their natural
habitat (Massoét al, 2000; Capotet al, 2008), so it is stated that the cultivation elf tines
is a technology of great importance for the devalept of new secondary metabolites. The
production of secondary metabolites in cell cukummainly cell suspensions has materially
and comprehensively in the production of bioactubstances (Vanisree and Tsay, 2007).
The development of cell culture systems aims t@iab& high yield of the compound, high
productivity and high product performance througivel techniques of biosynthesis. The
main problems associated with commercial producti@low productivity, instability of cell
lines and the difficulty for scaling production @tg, 2001). A relevant example of the use of
cell suspension culture is taxol production. Asaterl with low productivity and commercial
value importance has stimulated the developmentwfiple researches. Authors as Ketchum
et al (1999) and Wangt al. (2001) have reported that paclitaxel and otheoitis< obtained
from different tissue culture systems such as saHu cell suspensions, buds, roots and
embryogenic cultures in different speciesTaikxus The suspension culture is considered the
most viable for obtaining taxol method but the eslobtained are still low for commercial
production (Cusidét al, 2002).
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2.7.2.2. Callus culture

Plant tissue cultures have potential as a suppiente traditional agriculture in the
industrial production of bioactive plant metabdit€Ramachandra Rao and Ravishankar,
2002). Actually, callus tissues and suspensiorucestare used widely for production of plant
secondary metabolites (Acemi, 2012). Saletaal (2008) mentions that callus culture
facilitated the optimization of alkaloid productiowhereas media composition was effective
for the callus induction so as to enhance the ai#taproduction and conservation of
threatened genotype. There are several studiesevither described the use of callus culture

for the production of secondary metabolites.

Capoteet al (2008) found in the callus culture Blorinda royocthe greatest number of
identified compounds, which were not detected m|taves of plants in the field or vitro
shoot. Among the compounds identified in callugwrel is the morindin which is disaccharide
derivative of anthracenedione (aromatic organicmannd), a specific compound of the genus

Morinda

Teramoto and Komamine (1988) induced callus tissoé Mucuna hassjoo, M.
pruriense, and M. deeringiarend optimized the culture conditions. The higlwesicentration
of L-DOPA was obtained wheRl. hassjoocells were cultivated in MS medium with 0.025
mg I of 2.4 -D and 10 mg'bf kinetin.

2.7.2.3. Organ culture

Kreis (2007) mentions the aspects which may becas®d with the accumulation of
secondary metabolites. These are: the presenceriaiirc cell types, the presence of certain
organelles and the expression and regulation afbodit or biosynthetic genes. Therefore,
organ culture represents an interesting alternatbrethe production of plant secondary
metabolites. Two types of organs are consideredt nmoportant: the shoots and roots
(Bourgaudet al, 2001.). These organs can be grown on a large.sthe shoot culture has
been investigated as sources of essential oilsglatls and flavonoids. For example,

according Wilkenet al. (2005) cultivation of shoots dfavandula officinalisin semisolid
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culture media showed rosmarinic acid content higihan that obtained in plants under natural
conditions. However, other species suchHygericum perforatum, Fabian imbricatand
Cymbopogon citratushe desired concentrations of compounds were lothan those
obtained in plants under natural conditions. Thestmesed of root culture is based on the
infection of the tissue wittAgrobacterium rhizogenesiethod which is developing in aerial
roots at the site of infection (Kreis, 2007). Thesial roots have the advantage of rapid
multiplication and require exogenous application gnbwth regulators (Giri and Narasu,
2000). Several investigators have compared thevatitin of transformed and untransformed
roots regarding productivity and growth and showaeéar evidence that confirms the
assumption that the roots transformed generallye lrapid growth and faster production of

compound desired.

2.8. Developed strategies to increase the conteritsecondary metabolites

2.8.1. Selection of cell lines

Once established cell culture, a continuous pieobserved epigenetic or genetic
changes, which causes the population is heterogendtat is why it is necessary to select
clones with high growth and high production of nhetiges of interest (Shilpat al, 2010).
The cell lines were obtained by selection usindofaing strategies that include the
microscopic examinations, macroscopic and chenfiais, 2007). Selection of cell lines has
been a favorable strategy for obtaining pigmentsuliures ofLithospermum erythrorhizon
where clones were found with a high increase déashn (Fujitaet al, 1984). However, this
approach has not been successful in investigasiods as cell culture ¢tapaver somniferum
to produce significant quantities of codeine (Retral, 1992).

2.8.2. Use of elicitors and precursors

Elicitors are compounds stimulating any type anpldefense (Radman, 2003). This

broader definition of elicitors includes both sustes of pathogen origin (exogenous
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elicitors) and compounds released from plants gy abtion of the pathogen (endogenous
elicitros) there are aboitic and biotic or physiaatl chemical elicitors. Elicitors could be used
to enhance plant secondary-metabolite synthesis @andd play an important role in
biosynthetic pathways to enhanced production of mengially important compounds
(Radmaret al, 2003). Elicitation is one of the most effectimethods established processes to
large scale to induce the expression of genes iassdavith enzymes responsible of synthesis
of secondary metabolites as a defense mechanisimsag#tack of pathogens or damaged in
plants (Namdeo, 2007; Baldt al, 2007). Among the physical elicitors belong wateficit,
salinity, extreme temperatures, excessive or ingefft light radiation, and anaerobiosis by
waterlogging or flooding, mechanical factors sushwand or compaction soil and injuries.
Chemicals include ionic stress (salinity), stresstrition, or presence of inorganic
contaminants (silicon dioxide, ozone or heavy nsgtadr organic (chlorofluorocarbons,
polychlorinated biphenyls and polycyclic aromatiydiocarbons). Abiotic stress is the most
common and usually a combination of several of theours (Pérez and Jiménes, 2011).
Elicitors which are frequently used in threvitro culture with the aim increase the production
of secondary metabolites include methyl jasmonldetchumet al, 1999; Wang and Zhong,
2002; Kimet al., 2004; Roat and Ramawat, 2009), oligosaccharidek&8h and Srivastava,
2008; Korsangruangt al, 2010.), and fungi extracts (Namdebal, 2002; Kimet al, 2004,

Xu et al., 2005; Aroraet al., 2010). Most research studies related to the usdicfors has
been developed in cell culture. To date, only a fegearchers have established the use of
elicitors in organ culture (Spollansley al.,2000; Kimet al, 2004; Liuet al, 2007; Orlitaet

al., 2008; Sakunphueak and Panichayupakaranant, .2RBidl)cka et al (2001) describe an
increase of umbelliferone in the vitro culture of callus, cell suspensions and rootémimi
majus by abiotic elicitors (silicon dioxide and jasmoracid) and biotic elicitor extracts of
bacteria Enterobacter sakazakiand Erwinia chrysanthemilLuo and He (2004) show a
maximum of 54 mgt of paclitaxel produced iffaxus chinensisell suspension by adding a
combination of different elicitors such as mettagmonate, silver nitrate, chitosan, precursors
as phenylalanine, glycine, and was an increase fharcrop does not elicited. Other studies
show the positive effect of saccharin and benzaioli (chemical function similar to salicylic
acid) in the biosynthesis of coumarins and alkalaidRuta graveolenshoots (Orlitaet al,

2008). Studies in cell culture dfrifolia cayratia revealed the effect of salicylic acid, methyl
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jasmonate, ethrel (growth regulator) and yeastaekin the production of polyphenols (Roat
and Ramawat , 2009). The results showed an inciaase production of polyphenols with
salicylic acid and methyl jasmonate. Korsangruah@l (2010) demonstrated the effect of
biotic and abiotic elicitors in accumulation of flswonoids in two varieties oPueraria
candollei Methyl jasmonate was the elicitor that increasgghificantly the content of

metabolite of interest.

On the other hand metabolic precursors have beemmonly applied to the culture
medium to enhance the production of secondary robtab in plant cells (Prakash, 2002).
Precursor is an intermediate compound (endogenoegagenous), which can be converted
into desired secondary metabolite. Precursors eatldssified as natural (nonmember of the
biosynthetic pathway) or obligatory (member of thiesynthetic pathway leading to the
synthesis of desired secondary metabolite).Thetiaddof a precursor may influence spatial
orientation of enzymes, compartmentation of enzynasl substrate accumulation for

secondary metabolite biosynthesis (Srivastava, 2010

Addition of precursors represents an attractivatsgy for exploiting the potencial
biosynthetic of these cells in culture enzymescésors such as phenylalanine, benzoic acid
or serine have been used to increase the accuomnulafi taxol in callus culture and cell
suspensions ifaxus cuspidatgdFett-Netoet al, 1994). Studies combining precursors also
have been used in cultures where estrictosidina Caimptotheca accuminatavas
biotransformed but levels of camptothecin werereatily detected (Silvestriret al, 2002).
Furthermore, in shoot culture bfypericum perforatuninave been used several precursors in
order to increase the content of hypericin, andehigpin (Liu et al, 2007). The results
showed that hypericin biosynthesis was stimulatgdLiphenylalanine but only at high
concentrations favored synthesis of hyperforin ehilyptophan decreased the content of
interest metabolites. These results demonstratatl tte secondary metabolites can be

modulated by the addition of precursors of themslgnthetic pathways.
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2.9. Dopamine, tyrosine, arginine and tryptamine irthe biosynthesis of alkaloids

According to Speltz (2011) dopamine and 4-hydrdweypylacetaldehyde (4HPA) are the
primary metabolite precursors of many alkaloid8ata vulgaris Dopamine and 4-HPA are
also primary metabolites used in the productioralgéloids in many related species. In this
regard, fluorinated dopamine analogues were chasetarget precursor analogues for the
production of fluorinated berberine, as well as atiyer alkaloids produced . vulgaris
Dopamine represents an opportunistic primary méitabbecause it is used by diverse

families of plants to generate many secondary noditab.

Battersbyet al (1968) have reported the incorporation of tyresinto pellotine,
lophophorine and anhalonidine. Dopamine was inaaed into pellotine and that the methyl

group of methionine served as a precursor of thmeflyl groups.

Leete and Braunstein (1969) have also shown tirasine acts as a precursor of
anhalonidine. This report is realted to Lundstrond a&gurell (1969) who reported the
incorporation of methyl group of methionine int@t®-methyl groups of anhalonidine and
anhalamine. Their data further demonstrate thaistye (0-34%), dopamine (1.73%) and

3,4,5-trihydroxyphenethyhtmine (1.73%) serve aieffit precursors of anhalamine.

Hawkins (2009) realized one study about the syishef benzylisoquinoline alkaloids
(BIAs) where shows that their metabolic pathways @erived from tyrosine molecules and
also indicates that dopamine is the precursor ofusioline moiety responsible of the
chemical reactions during the biosynthesis of BIAscording the description of the author
the complex biosynthesis of BIAs in plants beginghwhe condensation of the backbone
structure derived from two molecules of tyrosinéorg one branch, tyrosine is converted to
dopamine and a second molecule of tyrosine is atetvéo 4-hydroxyphenylacetaldehyde (4-
HPA) along a second branch. Dopamine is the precdios the isoquinoline moiety while 4-
HPA is incorporated into the benzyl component (B).Despite extensive investigations of
Papaver somniferupiEschscholzia californcia, Thalictrum flavum, Cogaponicaand other
BIAs producing plants, only two enzymes have besmiated from these very early steps

involved in BIAs biosynthesis (Ziegler and FacchR008). The earliest enzyme cloned in this
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pathway is tyrosine decarboxylase (TYDC) which lyates the decarboxylation of tyrosine to
tyramine or dihydroxyphenylalanine (L-DOPA) to dapae. The other cloned enzyme in this
upstream pathway is norcoclaurine synthase (NCSthwbatalyzes the condensation of
dopamine and 4-HPA, the first committed step in 8lfosynthesis. These enzymes can be
incorporated into a recombinant pathway but theaiaimg activities must be reconstituted

using enzymes from other organisms.
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Figure 5. The native pathway for the production of the Bilgursor (S)-norcoclaurine
synthesized from two molecules of tyrosine (SouHawkins, 2009)

Other experiments conducted by Alvarez and Mar¢86D1) show the presences of
arginine as part of the metabolic pathway of tropdkeloids. They indicate that tropan
alkaloids are derived from the ornintine and amgniaminoacids by a chemical reaction
catalyzed by ornithine decarboxilase (ODC) and rangdecarboxilase (ADC) respectively
(Fig. 6). Ornithine and arginine also are the preois of the polyamines putrescine,
espermidine and espermine, which play a critickd no plant development by the regulation
of the cell division in plants (Theigs al, 2002).
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In other study, Waltoret al. (1990) describe that two amino acids, ornithimel a
arginine, are involved in the biosynthesis of pstiee by alternative pathways (Fig. 7). The
decarboxylation of ornithine yields putrescine dilg whereas arginine has to be transformed

into agmatine to produce putrescine (Fig. 7).
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Figure 7. Biosynthesis of N-methylputrescine from arginired aornithine. ADC: Arginine

decarboxylase. AIH: Agmatine iminohydrolase. @ CPA: -c&maboylputrescine
amidohydrolase. ODC: Ornithine decarboxylase. PMltrescine N-methyltransferase
(Source: Palazoet al., 2008)
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Evans (2009) describes that tryptamine is descgtaben product from tryptophan
which is the main aminoacid give rise to the lactgess of indole alkaloids. Some examples of
alkaloids of pharmaceutical interest, derived frioyptamine, are mainly strychnine, reserpine
and ergot alkaloids (ergometrine, ergometrininego&minine, ergosine, ergocristinine,
ergocryptine, ergocryptinine, ergocornine, ergosone) (Fig 8).

COOH
S N—CHg
— Ergot alkaloids
mHE N
- o
Lysergic acid
Tryptamine N /
Mevalonic |
acid CH0
participation |
(R =345
_ methoxyphenyl)
HyCOOC OCOR
Reserpine OCHg

Strychnine

Figure 8. Tryptamine as precursor of indole alkaloids (Seuvans, 2009)
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3. Objetives

3.1. General objectives

The main aim of this thesis was to evaluate thecefdf precursors and elicitors on the

production of mescaline in callus culture @i pachanai The relationship between

precursor/elicitor concentration and callus growthder in vitro conditions was also

evaluated.

3.2. Specific objectives

>

Propagate initial plant material - callus ©f pachanoifor establishment oin vitro

experiment

Evaluate the effect of 100, 200 and 500 ritgof dopamine, tyrosine, arginine and

tryptamine on the production of mescaline.

Determine the mescaline content in callus aften@ 4 weeks of cultivation on media

containing mescaline precursor/elicitors

Evaluate the relationship between precursor/elidtmcentration and callus growth.

Hypothesis:

There is a significant difference in mescaline eahtamong calli after 2 and 4 weeks of

cultivation on media containing mescaline precuesmitors.

Precursors/elicitors have different effects on pineduction of mescaline according to
their position in metabolic pathway.

Different precursors/ elicitors may significanthfluence growth of callus depending on

applied doses and the type of precursor.
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4. Materials and methods

4.1. Plant material

The plant material of. pachanofor testing was obtained from research works redliz
within Department of Crop Sciences and Agroforestrezch University of Lifes Sciences

Prague (Appendix 1).

4.2.1n vitro propagation of plant material

In vitro culture of Trichocereus pachandiad already been established, as well as the
protocol for callogenesis (Rejthat al, 2013). Callus have been multiplied once a mamth
MS medium (Murashige and Skoog, 1962) supplement#d100 mg " myoinositol, 30 g 1
sucrose, 8 glagar,1 mgt of 2,4-D and 1mglof thidiazuron (TZD).n vitro cultures were
maintained at 25/23 °C under a 16/8 h light/dagime with 36 pmol rif s™.

4.3. Preparation of media for the experiment

Fort the experiment, basic medium described inplevious chapter was used. The
media were prepared in Erlenmeyer flasks (500 mf) aansferred to autoclave for the
process of sterilization (100 kPa, 121 °C, 20 mifhis process was carried out
simultaneously with the preparations of the sohsgiof precursors because it was necessary to
have both components at the same time prepardd farxing them together in the flow box
later on.

4.4. Preparation and application of precursors/elitors.

Each precursor was diluted depending on its phAyssmd chemical characteristics
according the indications of the products. All clheats were purchased in Sigma Aldrich.

The products used were dopamine hydrochloride Ifmate No. H8502-5G), tryptamine
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hydrochloride (catalogue No. 246557-5G), arginicatglogue No. A2646) and tyrosine
(catalogue No. T3754). The dilution of the precusassed is described in the table 1.

Table 1. Solubility of the precursors/elicitors.

Precursors/elicitors Type of dilution
Dopamine hydrochloride Water
Tyrosine Hydrochloride acid
Arginine Water
Trypatamine hydrochloride Water

The application of precursors in the medium wasedcarefully because of their
termolabile nature. This process was realized enftbw box after the solution sterilization
using filtration (size of filters: pore size Qun). The culture were established in indisposable
plant cell culture vessel Phytatray™ Il Sigma Adtiri, W x D x H 114 mm x 86 mm x 102
mm , PETG, steriley-irradiated.

4.5. Establishment of the experiment

The callus which was obtained as describedearctiapter 4.2 was cutted in segments of
20 mm in size and transferred to the disposablet gkall culture vessel Phytatray™ II. In each
boxes 6 callus segments were placed. Finally theedaovere labeled and classified by time,

concentration and type of precursor. The tabled®veld clearly all treatments.
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Table 2. General diagram of the experiment

Concentrations (mg I)

Time
(weeks) 0 100 200 500

Control Dopamine Dopamine Dopamine
Control Tryptamine Tryptamine Tryptamine

’ Control Tyrosine Tyrosine Tyrosine
Control Arginine Arginine Arginine
Control Dopamine Dopamine Dopamine
Control Tryptamine Tryptamine Tryptamine

’ Control Tyrosine Tyrosine Tyrosine
Control Arginine Arginine Arginine

4.6. Mescaline analysis

4.6.1. Preparation of sample solutions

The plant material was shade dried and powderatsety before extraction. In order to
eliminate possible interfering with lipids the aagtsample was pre-extracted using Soxhlet
extraction. A 0.5-1 g portion of ground cactus \@asurately weighed and extracted with 150

ml of petroleum ether for 3 hrs in a water bathH °C.

After drying the extraction thimble, the sample swaxtracted with methanol-
concentrated ammonia solution (99:1) (three tin@$nB 6 h shaking) at room temperature.
This solution was concentrated at reduced temperatd0 °C) on a rotary evaporator
(Laborata 4000-efficient Heidoplh) and redissoluednethanol yielding a volume of 10.0 ml.
Two millilitres of this solution were filtered thogh an LC filter and placed in an autosampler

vial of 1 ml.
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4.6.2. High performance liquid chromatography (HPCL)

HPLC analysis was performed on a Dionex Summit EBlistem equipped with a PDA
(LC-photodiode array detection) detector. The columas a Phenomenex Gemini. Mescaline
content of the callus of each treatment was detexthby Soxhlet extraction with methanol,
followed by acid—base extraction with water andhihoomethane, and high-performance
liquid chromatography (HPLC). Authentic mescalingltochloride was purchased at Sigma
Aldrich and used as the mescaline reference stdndléae range of mescaline concentrations
covered by the standard solutions was 4.59-i#8.& . The extracs were directly injected
into the HPLC, system used for stimation of alkdsowas HP-A-8452A-UV-VIS-Diode
Array with HP-Vectra ES/ 12-PC (more detailed speaiion of HPLC parameters in
Appendix 2). This part of research was realized_atoratory of Faculty of Pharmacy of
Charles University in Hradec Kralove, DepartmenPbfrmacognosy (according to regulation
243/2009 Lc. Permission to treat with psychotragic narcotic substances, subordinated to
regulation 467/2009 Lc).
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5. Results

5.1. Effect of precursors/elicitors on callus growt and color

The media with dopamine as precursor had a peséffect on the growth of callus.
Once this treatment was established the callugestan growth from 8 day and at the same
time it was observed dark brown colorations over ¢hllus. These characteristics remained
until the 4" week, and the intensity was influenced by diffe@oses from 100 mg'lto 500
mg . The concentration of dopamine with the best eftecgrowth was 100 mg'land 200
mg . The rate of growing of these concentrations vessef than in the control treatment
without any precursors or elicitors (Table 3). Taek coloration covered surface of the callus.
This coloration, however, did not have negativeeeffon the growth of callus. The third
highest concentrations of dopamine (500 mMpdaused the most intensive dark coloration
which appeared after 3 days (Fig. 9A). Later onitiglin coloration on the upper part of callus
was observed (Fig. 9B). By contrats to the previbms concentrations, these colorations
effected slightly on the growth. Most calli grewetBame than control treatment but slower

than the previous concentrations (Table 3).

Also the media with trypatamine had positive effec the growth of callus regardless of
concentration used (100, 200 and 500 g The growth of the callus under the effect of
tryptamine was faster than the control treatmeadtafter 4 weeks these calli were bigger than
control treatment and even bigger than the calluseler the effect of dopamine (Table 3).
The coloration of the callus surface was varialrld & started to appeared after 15 days of
cultivation. Whitish and greenish colorations wild points on the upper part of callus were
observed (Fig. 9C). These characteristics wereepted in all concentrations; there was not a

particular color per dose.

The media with arginine had almost the same e#iscin the case of tryptamine. The

growth of callus as well as the color had the standency as in the previous treatments. The
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coloration also started appeared after 15 daysinAbke case of tryptamine there were not
differences between the rate of growth and the atnation of arginine (Fig. 9D).

The media with tyrosine were the only treatmehé had negative effect on the growth
of callus (Table 3). The effect of tyrosine wasitofor the callus. This negative effect
inhibited the growth of callus and this caused thatmajor part of calluses maintained small
within 4 weeks. After 3 days the callus showed ackish and reddish coloration all over
callus (Fig. 9E). It was also observed that onbytieatment with 100 mg'lshowed growth of
callus, but the growth was very slow. The effectha&f other concentrations (200 and 500 mg |

1) was totally toxic; there were not induction callat all (Fig. 9F).

Figure 9. Different effects of precursors on callus growthTrichocereus pachanat 500
mg I* after 4 weeks: A) Comparison between callus unlereffect of dopamine and the
control treatment. B) Strongest effect of dopaminecallus growth. C) Effect of tryptamine
on callus growing. D) Effect of arginine on callgmowing. E) Inhibitory effect of tyrosine
on callus growth. F) Toxicity of tyrosine on callgowth.
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Table 3.Rate of callus growth in all treatments after &k

- Concentration Rate of
Precursor/elicitors 1 .
(mg M) growing
Control ++
: 100 +++
Dopamine 200 et
500 ++
100 ++++
Tryptamine 200 -+
500 ++++
100 ++++
Arginine 200 ++++
500 ++++
100 +
Tyrosine 200 0
500 0

Note: ++++ (fast) +++ (moderate) ++ (slow) + (vetgw) O (without growth)

5.2. Analysis of mescaline in calli cultivated on edia containing precursors and elicitors

Once the callus of 2 and 4 weeks were harvedtedirtalysis of mescaline content was

carried. The mescaline content of the differentpreors/elicitors is shown in the table 4.

Table 4.Mescaline content in mg x £kg* of fresh callus after 2 and 4 weeks on culture

media containing precursors/elicitors

Treatments
Time
(WeekSCOntrol Dopamine Tyrosine Tryptamine Arginine
(mg Il) (mg |1) (mg |1) (mg |1)

0 100 200 500 100 200 500 100 200 500 100 200 500

0 ND ND ND ND ND ND ND ND ND ND ND ND

2 ND ND ND ND ND ND ND ND ND ND ND ND ND

4 ND ND ND 0413ND ND ND ND ND ND ND ND ND

Note: ND not detected
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As can be seen from the table 4 only dopaminé&htghest concentration used (500
mg ™) and applied for 4 weeks initiated production afstaline 0.413 mg x Fkg’ in fresh
matter. Lower concentration of dopamine did notdpie any mescaline in callus tissue,
regardless of application time. Arginine, tryptamend tyrosine did not cause any mescaline
production. The figure 10 shows the difference leetawvmescaline content in fresh callus and

dry matter in treatment 500 mg, lafter 4 weeks of cultivation.

Mescaline content in fresh callus and dry
matter under the effect of dopamine
"ep 10
oo 915
-3 9
» 8
w7
E
£ 6
e 5
@ W Fresh callus
s 4
9 3 M Dry matter
£ 2
8 4 0.413
w
@ 0
= Dopamine 500 mg I (4 weeks)
Precursor

Figure 10. Mescaline content in fresh callus and dry matteten the effect of dopamine at
500 mg 1* after 4 weeks

The figure 11 compares two studied parameterdluscgrowth and mescaline
content in treatments containing 500 rigiecursors or elicitors. From the figure can basee
that only dopamine showed positive rusults for bp#rameters. Tryptamine and arginine
influenced growth intensity of callus culture, mat mescaline content was detected, Tyrosine
treatment due to its toxicity did not presente dgtowf callus and mescaline content was not
detected as was described before.
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Comparison between two parameters

(mescaline content and growth of callus)

B pMescaline contént

® Rate of Growth

e ad
+++
44 - |
o _ﬁ |
D _ _ el i

Dopamine 500 mg r‘l Tryptamine 500 mg [ Arginine 500 mg I I Tyrosine 500 mg 1™

Precursors/felicitors

L0

'

Rate of growth

[

L
3 0T x 3w uj Jusuod auljeasapy

o

Figure 11. Comparison between studied parameters in calldsced on 500 mg™l of
dopamine, tryptamine, arginine and tyrosine aftereéks of culture

Peak indentifying mescaline in sample extracteeveenfirmed by overlaying their UV
absorption spectrum in extracts by comparing chtograms with the standard mescaline.
UV detection was performed at wavelengths of 220 Tine external calibration curves from
commercially mescaline standard were used for g@a#ine determination. Mescaline was

identified by comparing chromatograms with a stadd@@ampound.

In representative chromatogram mescaline standasl characterized by the green
color in the spectrum, which allowed us to recognike presence of this component in
analysis of each precursor/elicitor treatment. Siameously, chromatograms of dopamine
(black), trypatamine (blue), arginine (red) andosme (pink) treatments at 500 mg |

concentration were displayed (Fig. 12). In all #wealyzed samples mescaline was only
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detected in the treatment with dopamine at 500 Thgt|220 nm (Fig. 12). Average LOQ
(limit of quantification) was determined to be 743¢g g".

1

Note

=] [l Mescaline standard
B Dopamine
Hl Tryptamine
Wl Arginine
Tyrosine

Tryptamine

Mescaline

e

——t\_:"jﬁ"

=]

R L X = =p I e I = = " = = = g=n

Note. nm: Nanometers (used to specify the wavelengtiezftromagnetic radiation near the visible pathef
spectrum)

Figure 12. Chromatograms of mescaline in callus cultures oedien enriched with
precursors/elicitors (500 mg¥) at 220 nm. [Note. X: wavelength (nm) Y: Retentiime
(minuts)].

Chromatogram of sample belonging to tryptaminettneat showed one peak that was
suspected to be mescaline. For this reason it veagssary to describe in detail if the
compound had a relation to mescaline peak in daparmreatments sample (Fig. 13). This
chromatogram showed that the unidentified peak db match with mescaline peak in

dopamine treatment sample.
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Figure 13. Comparison of the HPLC chromatograms of the treats with
dopamine and tryptamine (500 mg)lat 220 nm and UV-Vis spectra of
characteristic substances. [ Note: X: wavelength)( Y: Retention time (min)]
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6. Discussion

Positive effect of elicitors and precursors onusalgrowth is very beneficial, as they
may simultaneously induce mescaline production iantease production of biomass, where
is alkaloid contained.

Dopamine had a positive effect on the callus ghowihe growth was even faster than in
control treatment. This result is accordance wite study of Protaciet al (1992) who
observed that dopamine had a positive influenceromoting callus formation iNicotiana
tabacum On the other side, Christou and Barton (1989pntey that dopamine at 1896.4 mg
It was toxic in callus culture dflicotiana tabacumGlycine maxZea maysand Helianthus
annus.These reports state that higher concentrationopémine may act toxicity in callus
culture depending of the specie. In our case, & ardy observed the dark coloration of callus
and it was more frequent in the dose with 500 g tlopamine. The coloration however did
not negatively influence the growth of callus. Bkeirt (1962) obtained callus irichocereus
spachianuswithout the use of dopamine in the media, the ¢jnowgulators used were 2,4-D
and kinetin. The callus showed red pigmentatiordstamed black during few days. Thus, it
can be concluded that callusTichocereudends to change colour, however it does not have

to affect growth of callus.

Dopamine was the only treatment that showed ipesiesults in mescaline production.
It was necessary to applied dopamine at 500 Thfprd 30 days.This result confirms that
dopamine is the real precursor of mescalind .ipachanoias was described by Lundstrom
and Agurell (1969) who reported that dopamine amal derivatives (4-methoxy-3-hydroxy-
phenethylamine and 3-methoxy-4-hydroxy-phenetil@nirwere the best precursors of
mescaline inT. pachanai Lunstrom (1971) also reported that dopamine iscymsor of
mescaline inLophophora williamsiianother member fror@actaceae family. The amount of
alkaloids produced can be influenced by many factuich as the use of precursors, elicitors,
plant growth regulators, type of culture, etc. (Addst al, 2013). In our case we used
precursors and elicitors for the production of bllds. Our results represent first promising
step for mescaline production ih pachanoiunderin vitro conditions. Even the relation

between callus growth and content of mescaliner aftgpamine application seems to be
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satisfactory. A negative interaction between 2,4tRin and production of alkaloids has been
reported (Merillon and Ramawat, 1999). Gaetedl. (1997) also observed that 2,4-D caused a
dramatic inhibition on alkaloid terpenoid precurseailability in Catharanthus roseusells.
These reports can help us to understand that teet eff interaction between the plant growth
regulators and precursors on production of meseabndifferent in each species. In our
experiment, this effect of 2,4-D was not studieel;duse the use of 2,4-D for callogenesis was
indispensable. Obermeyer (1989) reported the peesehmescaline in low amounts in callus
of Lophophora willinsiicultivated on medium with 2,4-D and BA without puesors. In this
case the interaction between plant growth regudadmd mescaline content porbably not so
negative in contrast to our results, where thercbtiteatment did not have mescaline content.
It can be hypothesized that in our experiment auXi-D inhibited the production of

mescaline, However high concentration of dopamareavercome this negative effect.

The best result on callus proliferationinpachanoiwas obtained by trypatamine and
arginine. The rate of growth was faster than indakus under the effect of dopamine and the
control treatment. Zhaet al. (2001) similarly described positive effect of ttgmine on the
callus growth inCatharanthus roseusom Apocynaceae family. The callus showed yelldwis
color that turned red. This observation confirms i@sults, because the callusTofpachanoi
formed redish points on the upper part. However,game author mentions that the increase
of tryptamine from 300 mg'ito 500 mg T increases the rate of growth of callus cultur€of
roseus By contrast, our results showed no differencesimcentration of tryptamine on callus

growth.

Abdel-Rahim (1998) tested the effect of arginiree gromote callus inPhoenix
dactyliferafrom Aracaceae family. Ariginine significantly deased growth and development
of callus. These findings do not corroborate osul® since arginine had an excellent effect
on callus production and the rate of growth. Neéhadgsss arginine and tryptamine did not
promote production of mescaline in callus Tf pachanai It has been demostraded that
tryptamine is a precursor of indole alkaloids. Zletoal. (2001) used tryptamine for the
production of catharanthine and ajmalicine in Glulture ofCatharanthus roseud.ucumi

et al (2002) showed that tryptamine enhance the pramtuct serotonine in callus culture of
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Tabernaemontana elegafifom Apocynaceae familyArginine also appears as a precursor of
tropane alkaloids as was showed by Osetial (2009) who used arginine for the production

of escopaline.

Clementet al. (1998) reported coexistence of mescaline anddmgme in the chemical
composition ofAcacia rigidulafrom Fabaceae family and many others amines ddaloads
related to the mescaline. This study can be thénbem to understand that the biochemical
processes of species involves many functional 8pecharacteristics for to produce a
determined secondary metabolite. For example, ékganation could be related to Evans
(2009) who describes the formation of putrescirecédboxylation product of ornithine) from
ornithine, but he also mentions that putrescine banformed from arginine without
involvement of ornithine and this has led problemms understanding stereospecific
incorporation, of precursors into a particular &kk Tsao (1951) proposed a new synthesis
of mescaline from gallic acid (organic phenolicdBavhich it has not nitrogen in its structure
as the mescaline. These reports allow us to make imgootheses about alternative pathways
of the alkaloids to production. However, since adew to our results arginine and tryptamine
did not produce mescaline, it is possible thattagpne can produce other kind of secondary

metabolites.

Oliveira and Silva-Machado (2003) induced callu€ereus peruvianugactaceaefor

the production of alkaloids using 2,4-D and kinefithe precursor used was tyrosine at
concentration 125 mg'l After 4 weeks of callus cultivation the growthteaf callus was
evaluated. Tyrosine in this experiment did not @ase the growth of callus. By contrast to
these results, in our experiment was evident, tirasine had a toxic effect on callus culture
of T. pachanai This effect was even more visible in the congaitins of 200 and 500 m§ |

of tyrosine. On the other hand, according to DewR$02) mescaline is derived from tyrosine
which is the principal amino acid for the conversad dopamine by L-DOPA precursor. Also
the studies realized by Lundstrom (1971) and Luondstand Agurell (1969) indicate that
tyrosine is the precursor of mescaline in the esidps of the biosynthesis. But according to
our results the callus under the effect of tyrosives not able to produce mescaline. By

contrats Obermeyer (1989) showed a great amounallatloids produced in callus of

40



Lophophora williansiiunder the effect of tyrosine which means that pbtp mescaline could
be present there as well. ProbablyTinpachanoityrosine act as efficient precursor of other

compounds related of mescaline but not directlynfescaline.
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7. Conclusion

Dopamine at the highest concentration tested (590 )nwhen applied for 4 weeks was able

to produce mescaline in callusTfichocdreus pachanoi

» Significant effect of precursor application time onescaline production was

confiremed.
»  Significant effect of precursor concentration orspaine production was detected.

» Precursors had different effect on the productibrmescaline according to their
position in metabolic pathway, as confirmed by hssafter dopamine application.

Dopamine is the closest chemical to mescaline.

» Tryptamine and arginine were the best feeding medimponents for the callus
growth of T. pachanai However, arginine and tryptamine did not prodoescaline,

They did not act as elicitors for mescaline produrct

» Tyrosine showed a toxic effect on callus productionT. pachanoiand it did not

induce production of mescaline.

This research allows us to understand more abaatdifferent factors involved in the
production of alkaloids by callus culture that ablle used for the effective production in

large scale.
Recommendations:

» Use of suspension cultures should be tested instéadallus cultures, as the

precursors in liquid medium may affect each cqtlesately.

» In vitro cultivation of organ culture on medium containiegpamine could be also

recommended, as mescaline production is being iassdavith cortex.
» Higher concentration and longer time of dopamingieation should be tested.
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Appendix

Appendix 1: Plant materialTrichocereus pachangBan Pedro)
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Appendix 2: HPLC parametres

TempCtrl =
Temperature.Nominal =
Temperature.LowerLimit =
Temperature.UpperLimit =
EquilibrationTime =
ReadyTempDelta =
HumidityLeakSensor =
GasLeakSensor =

Column_A.SystemPressure =

Pressure.LowerLimit =
Pressure.UpperLimit =
MaximumFlowRamp =
%A.Equate =

%B.Equate =

%C.Equate =

%D.Equate =
ColumnOven_Temp.Step =

ColumnOven_Temp.Average =

Pump_Pressure.Step =
Pump_Pressure.Average =
UV_VIS_1.Wavelength =
UV_VIS_1.Bandwidth =

UV_VIS_1.RefWavelength =

UV_VIS_ 1.RefBandwidth =
UV_VIS_1.Step =
UV_VIS_1.Average =
UV_VIS_2.Wavelength =
UV_VIS_ 2.Bandwidth =

UV_VIS_ 2.RefWavelength =

UV_VIS_ 2.RefBandwidth =
UV_VIS_2.Step = Auto
UV_VIS_2.Average =
UV_VIS_ 3.Wavelength =
UV_VIS_ 3.Bandwidth =

UV_VIS_3.RefWavelength =

UV_VIS_ 3.RefBandwidth =
UV_VIS_3.Step = Auto
UV_VIS_3.Average =
3DFIELD.RefWavelength =
3DFIELD.RefBandwidth =
3DFIELD.Step = 0.5 [s]
3DFIELD.MinWavelength =

3DFIELD.MaxWavelength =

3DFIELD.BunchWidth =

On
30.0 [°C]
28.0 [°C]
32.0 [°C]
0.1 [min]
1.0 [°C]
Low
Low
"Pump"
10 [bar]
250 [bar]
6.00 [ml/min2]
"%H20"
"20 mM Amonium acetate
"%ACN"
"opD"
Auto
On
Auto
On
210 [nm]
1 [nm]
600 [nm]
1 [nm]
Auto
On
220 [nm]
1 [nm]
600 [nm]
1 [nm]

On

254 [nm]
1 [nm]
600 [nm]
1 [nm]

On
600.0 [nm]
1.9 [nm]

200.0 [nm]
595.2 [nm]
1.9 [nm]
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UV_VIS_4.Wavelength =
UV_VIS_4.Bandwidth =
UV_VIS_4.RefWavelength =
UV_VIS_ 4.RefBandwidth =
UV_VIS_4.Step = Auto
UV_VIS_4.Average =
Autozero

Flow = 0.800 [ml/min]
%B = 95.0 [%]

%C= 5.0 [%]

%D = 0.0 [%]

Curve = 5
Wait Ready
Inject

ColumnOven_Temp.AcqOn
Pump_Pressure.AcqOn
UV_VIS_1.AcgOn
UV_VIS_2.AcgOn
UV_VIS_3.AcqOn
UV_VIS_4.AcqOn
3DFIELD.AcqOn

Flow = 0.800 [ml/min]
%B = 95.0 [%]

%C = 5.0 [%]

%D = 0.0 [%)]

Curve =5

Flow = 0.800 [ml/min]
%B = 85.0 [%)]

%C = 15.0 [%)]

%D = 0.0 [%)]

Curve = 5

Flow = 0.800 [ml/min]
%B = 0.0 [%)]

%C = 100.0 [%]

%D = 0.0 [%)]
Curve= 5

Flow = 0.800 [ml/min]
%B = 0.0 [%)]

%C = 100.0 [%]

%D = 0.0 [%)]
Curve= 5
UV_VIS_1.AcqOff
UV_VIS_2.AcqOff
UV_VIS_3.AcqOff
UV_VIS_4.AcqOff
3DFIELD.AcqOff
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ColumnOven_Temp.AcqOff
Pump_Pressure.AcqOff
Flow = 0.800 [ml/min]
%B = 95.0 [%)]

%C = 5.0 [%)]
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Curve = 5

Flow = 0.800 [ml/min]
%B = 95.0 [%)]

%C = 5.0 [%)]

%D = 0.0 [%)]

Curve = 5
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