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1. INTRODUCTION

The kingdoms of plants, animals and fungi are rich and important sources of natural products. For
centuries, various diseases have been treated with living organisms in raw or processed form. In
modern medicine, drugs and natural products are important raw materials for the pharmaceutical
industry and serve as lead compounds in the research and development of medicines. Taking into
consideration the high ratio of pharmacons of natural origin to synthetic compounds [1], it is indeed
the New Golden Age of natural product discovery [2].

Traditionally applied medicinal plants are of great importance. In case of effectiveness and
safety, the authorisation often relies on long-term medicinal use. However, the pharmacovigilance
data of medicinal herbs reveal a need for continuous re-evaluation [3]. Safety issues might be
caused by minor compounds in drugs, which are exerting side effects after long-term, sometimes
decades, of application. In many cases, the health risks related to the application of a medicinal
plant remains hidden for centuries and only modern chemical and pharmacological studies are able
to reveal the real toxicological character of traditionally applied herbs. Till recently, the per os
application of Symphytum officinale roots was considered as safe in case of arthritis,
thrombophlebitis, gout and in the treatment of diarrhoea. After recognising its hepatotoxic
pyrrolizidine alkaloid-content, the application of this drug was limited [4]. Chelidonium majus L. is
a popular plant with a wide spectrum of biological activities. Extracts, tincture and other remedies
are in use, often applied internally. The per os application of these preparations has to be revised,
since there might be a risk of cardiac side effects due to the activity of some extracts on hERG
channels [5].

Modern approaches of phytochemistry and pharmacology might lead to new
breakthroughs in drug research. The better understanding of traditional application and processing
of medicinal herbs resulted in the discovery of novel mechanisms of action and new active
constituents of these plants. Aconitum species are good examples how new results can open new
ways in the research of traditionally used plants. Several highly toxic Aconitum species have been
applied in Traditional Chinese Medicine. The raw herbal substances were cautiously processed in
order to reduce their toxicity. Although neither the exact chemistry of these drugs, nor the
pharmacological mechanisms have been thoroughly clarified, aconite drugs were among the most
popular TCM medicines. Later, the chemical analysis of raw plant materials and processed drugs
made it possible to identify their biological active compounds and their change during processing.
In the raw plant material, diterpene alkaloids were identified. These compounds, mainly aconitine
(18), are highly toxic. Furthermore, the toxicity of these compounds are depending on the number

of ester groups present in the molecule, thus the most toxic ones are diester diterpene alkaloids
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and monoester diterpene alkaloids are less toxic, while the least toxic are those without an ester
group. Lipo-alkaloids are diterpene alkaloids esterified with long-chain fatty acids, usually at
position C-8. These lipo-alkaloids are minor compounds in unprocessed drugs, and they are proved
to be far less toxic than diterpene alkaloids. During processing of the herbal substance, the amount
of tri- and diester alkaloids is decreasing, while the amount of unesterified diterpene alkaloids and
lipo-alkaloids is increasing [6]. The understanding of these chemical changes [7] and identification
of lipo-alkaloids as biologically active constituents in processed aconite drugs triggered experiments
to semisynthesize new compounds and investigate their pharmacological effects [8]. Even though
the well-known Aconitum species were removed from the Western Pharmacopoeias, natural
products of aconite origin are promising as anti-inflammatory or antiarrhythmic pharmacons. The
analysis of structure-activity relationships of diterpene alkaloids led to the development of new
diterpene alkaloid-based medicines and the discovery of promising pharmacones [9].

In the recent years, medicinal plants are typically marketed as food supplements. Several
products contain herbs that have not been extensively used before, and there are no
pharmacological, toxicological and phytochemical data available to serve as basis for the
assessment of their effectiveness, safety and quality. Plants that have not been consumed to a
significant degree by humans in the European Union prior to 1997 are considered as novel food
[10]. One example for novel food (though unauthorised) is Ambrosia artemisiifolia, which has
become quite popular as a medicinal plant in the recent years in Hungary. However, this plant has
not been consumed or used as a medicinal herb before, hence its toxicological profile is unexplored

and the risk related to its consumption is unknown.



2. AIMS OF THE STUDY

In 2000, the research group of the Department of Pharmacognosy (University of Szeged) started a

screening programme for isolation and identification of Ranunculaceae alkaloids in order to find

new biologically active compounds and the rational explanations of the folk medicinal use of the

toxic species. Later, the scope of the experiments was extended to the safety pharmacology,

toxicology and chemistry of traditional and newly discovered medicinal plants.

According to this comprehensive approach, the aim of the present work was the chemical,

pharmacological and toxicological investigation of diterpene alkaloid-containing traditional

medicinal plants and one, only recently applied species, to reveal the dangers of their use and to

identify their potential role in modern medicine.

In order to achieve the aims, the main tasks were:

Review the literature of the Aconitum, Spiraea genera and Ambrosia artemisiifolia, from
aspects of the chemistry and pharmacological properties of the plants.

Diterpene alkaloid extraction and identification from Aconitum napellus subsp. firmum.
Investigation of the activity of Ranunculaceae diterpene alkaloids and semisynthetic lipo-
alkaloids on GIRK and hERG channels.

Evaluation of antiarrhythmic potential of Ranunculaceae diterpene alkaloids.

In vivo toxicological evaluation of diterpene alkaloids using bdelloid rotifer assays.
Extraction of Spiraea species with various alkaloid extraction methods for alkaloid-content
screening, and investigation of the antibacterial and xanthine oxidase inhibitory activity.

In vivo toxicological examination of common ragweed on rats.



3. LITERATURE OVERVIEW

3.1. Botany of the investigated species

3.1.1. Botany of Aconitum species

The Aconitum genus belongs to Ranunculaceae family, order of Ranunculales, superorder of
Ranunculanae, subclass of Ranunculidae, Dicotyledonopsida class, Angiospermatophytina
subdivision, Spermatophyta division. The phylogeny of this genus is extremely complex, due to the
allopatric and parapatric speciation. The genus, comprised of 300 species, is divided into three
subgenera: only one species is rendered to Gymnaconitum (Stapf.) subgenus; Lycoctonum (DC)
Peterm. contains around 50 species; the largest subgenus is Aconitum with 250 species [11]. Since
molecular phylogenetic studies suggest that the hotspot of Aconitum species speciation was
located to Himalaya Mountains, it is reasonable that vast majority of Aconitum species can be found
in Asia (cca. 220) [12]. According to Flora Europaea only 7 species are part of the European flora,
from which 5 species are native to the Carpathian Basin [13].

Aconitum napellus subsp. firmum Rchb. Gayer (syn. Aconitum firmum Rchb.) is a perennial
herb native to Carpathian Basin, distributed from Czech Republic to East Carpathians in
Transylvania. The plant is 50-150 cm tall. The dark-green, alternate leaves are palmate, divided into

5-7 segments. The inflorescence is few-flowered, with 20-35 mm high, blue and hairy flowers.

3.1.2. Botany of Spiraea genus

The Spiraea genus, comprising of approximately 100 species, belongs to Rosaceae family, order of
Rosales, subclass of Rosidae, Magnoliopsida class, Magnoliphyta subdivision, Spermatophyta
division. [14]. Spiraea species are widely distributed all over the world. The centre of the
distribution is Asia [15], while in Europe 20 species are part of the Flora [16]. The genus was further
divided according to the morphology of the inflorescences into Spiraria, Calospira and
Chamaedryon groups. Since the monophyletic origin of these groups is not supported by the latest
molecular phylogeny, the classical division has to be revised [17].

Spiraea species are perennial, multi-stemmed, deciduous, spreading and upright featured
shrubs with corymb inflorescence. Spiraea creanata L. has reddish-brown branches and grows 1 m
tall. The greyish-green leaves are lanceolate to obovate and the 20 mm wide inflorescence
comprises of 10 white flowers [18]. S. salicifolia L. is 1.5-2.0 m high shrub with non-spreading
branches, and alternate lanceolate leaves. Inflorescences are 5-12 cm high conical panicles with
pink or rose flowers. S. nipponica Maxim. is a 1.2-2.5 m tall shrub, with simple leaves with serrated

leaf tips. The inflorescence is umbel-like raceme, with white flowers. S. x vanhouttei, 1.8-2.5 m high
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shrub with dark blue-green coloured, simple small leaves has inflorescences with 3-6 cm in
diameter, composed of white flowers. 2-5 cm long lanceolate leaves and pink conical panicle
inflorescences are characteristic for S. x billardii hort. ex K. Koch. S. media Schmidt is 1.0-1.5 m tall
shrub with lanceolate to oblanceolate leaves. The small, white flowers can be found in umbel-like
inflorescences. S. chamaedryfolia L. is reaching 1.0-1.5 m height. The leaves are simple or lanceolate
with toothed edges. The inflorescence is consisted of 6-9 mm wide white flowers growing in spike-
like clusters at the ends of the branches [16,19,20]. Because of their decorative inflorescence,

several species are used as ornamental plants which might easily turn into invasive [21].

3.1.3. Botany of Ambrosia artemisiifolia L.

Ambrosia artemisiifolia L. is an annual herb, belonging to Asteraceae family, order of Asterales,
subclass Asteroideae, Dicotyledonopsida class, Angiospermatophytina subdivision, Spermatophyta
division. A. artemisiifolia is an erect 20-200 cm tall branchy herb, with densely hairy stem. The
alternate leaves morphology shows great variability. The blades are lanceolate or elliptic, pinnated
with 2-3 oblong-lanceolate, toothed or lobed segments on each side. Flowers are arranged in
capitula [22].

The phylogenesis of the Ambrosia genus took place at the Sonoran Desert (USA). Later the
genus radiated outwards to the territories of North America and Mexico which is now considered
as a native region of the A. artemisiifolia [23,24]. The first seeds arrived to Europe around 1860
probably with clover seed grains [25]. In the 1930’s it was introduced to China [26,27]. Nowadays
it is widespread in Europe (Hungary, former Yugoslavian countries, France, Switzerland, Germany
and Russia), Japan, South Korea, Australia, New Zealand, Central and South America [28]. The fast
spreading of A. artemisiifolia can be explained by its wide ecological niche, which meets the
environmental conditions of the aforementioned territories. This fact makes common ragweed one
of the most invasive species in the world [29,30]. There is some evidence that the infection of new
territories might speed up as a consequence of global warming [31-34] and the great genetic

variability of ragweed.



3.2. Chemistry and pharmacology

3.2.1. Recent advances in phytochemistry and pharmacology of Aconitum species!

Aconitum species have been part of the Asian and Indian Materia Medica for centuries. Today, two
species, namely A. carmichaelii and A. kusnezoffii, are part of the Chinese Pharmacopeia [35]. In
the Ayurvedic Pharmacopoeia of India A. heterophyllum [36] is official. Beside these species, many
others are still in use, as important traditional medicines [37].

The most characteristic compounds of Aconitum species are diterpene alkaloids. These
complex and highly diverse compounds can be classified according to the basic skeleton’s carbon
atom number (C;s — bisnorditerpene alkaloids, Ci9 — norditerpene alkaloids, C;o — diterpene
alkaloids) and by their ester groups (mono-, di- and triesters). Diterpene alkaloids, esterified with
fatty acids, are lipo-alkaloids, which are present as minor compounds in the unprocessed drugs,
however, interestingly during processing (usually boiling) their amount is increasing.

In the last 5 years, the extensive phytochemical research, focusing on the alkaloid content

of Aconitum species have resulted in the identification of 70 new compounds (Table 1.).

Table 1. New alkaloids from Aconitum species
(Cis: bisnor-, C1g: nor-, Czo: diterpene alkaloids, A: amide alkaloids, AP: aporphine type alkaloid)

Type Compound Species Ref.
A aconitamide (23) A. carmichaelii [38]
A vaginatunine A (24) A. vaginatum [39]
A vaginatunine B (25) A. vaginatum [39]
AP 6-formyl-1,2,9,10-tetramethoxy-6a,7- A. carmiachelii [40]

dehydroaporphine (47)
Cis kirinenine A (48) A. kirinense [41]
Cis ranaconidine (49) A. sinomontanum [42]
Cis sinomontadine (50) A. sinomontanum [43]
Cig sinomontadine N (51) A. sinomontanum [43]
Cis vaginatunine C (52) A. vaginatum [39]
Cig weisaconitine A (53) A. weixiense [44]
Cis weisaconitine B (54) A. carmiachelii [44]
Cis weisaconitine C (55) A. carmiachelii [44]
Cis weisaconitine D (56) A. carmiachelii [44]
Cio 14-acetoxy-8-O-methylsachaconitine (57) A. forrestii [45]
Cio 14-acetoxyscaconine (58) A. forrestii [45]
Cio 14-anisoylliljestrandisine (59) A. tsaii [46]
Cio 14-benzoylliljestrandisine (60) A. tsaii [46]
Cio 14a-benzoyloxy-8B-butoxy-3a,13B,15a-trihydroxy-  A. carmichaelii [47]

la,60,16B,18-tetramethoxy-N-methylaconitane

(61)
Cio 14a-benzoyloxy-8B-butoxy-N-ethyl-13B,15a- A. carmichaelii [47]

dihydroxy-1a,6a,16B-18-tetramethoxyaconitane
formate (62)

! Csupor (2007) [305] and Borcsa (2014) [85] provided in their PhD theses detailed review about the chemistry
of Aconitum species, diterpene alkaloids and lipo-alkaloids. Therefore in this chapter the studies from 2013
have been reviewed.



Type Compound Species Ref.
Cio 14a-benzoyloxy-8B-butoxy-N-ethyl-3a,1383,15a- A. carmichaelii [47]

trihydroxy-1a,6a,16p3,18-tetramethoxyaconitane

(63)
Cio 14a-benzoyloxy-N-ethyl-15a-hydroxy- A. carmichaelii [47]

la,60,8B,16B,18-pentamethoxyaconitane formate

64
Cio (8-O)-ethy|cammaconine (65) A. forrestii [45]
Cio 8B,14a-dibenzoyloxy-N-ethyl-13B,15a-dihydroxy- A. carmiachaelii [47]

1a,6a,16B,18-tetramethoxyaconitane (66)
Ci9 carmichaenine A (67) A. carmichaelii [48]
Ci9 carmichaenine B (68) A. carmichaelii [48]
Cio carmichaenine C (69) A. carmichaelii [48]
Cio carmichaenine D (70) A. carmichaelii [48]
Cio carmichaenine E (71) A. carmichaelii [48]
Ci9 ducloudine F (72) A. duclouxii [49]
Ci9 ducloudine C (73) A. duclouxii [50]
Cio ducloudine D (74) A. duclouxii [50]
Cio ducloudine E (75) A. duclouxii [50]
Cio nagaconitine A (76) A. nagarum var. heterotrichum [51]
Cio nagaconitine B (77) A. nagarum var. heterotrichum [51]
Cio nagaconitine C (78) A. nagarum var. heterotrichum [51]
Cio nagaconitine D (79) A. nagarum var. heterotrichum [51]
Cio sinchiangensine A (80) A. sinchiangense [52]
Cio stapfianine A (81) A. stapfianum [53]
Ci9 swatinine-A (82) A. leave [54]
Cio swatinine-B (83) A. laeve [54]
Cio szechenyianine A (84) A. szechenyianum [55]
Cio szechenyianine B (85) A. szechenyianum [55]
Cio szechenyianine C (86) A. szechenyianum [55]
Cio taipeinine A (87) A. taipeicum [56]
Cio taipeinine B (88) A. taipeicum [56]
Cio taipeinine C (89) A. taipeicum [56]
Cio vilmorine A (90) A. vilmorinianum [57]
Cio vilmorine B (91) A. vilmorinianum [57]
Cio vilmorine C (92) A. vilmorinianum [57]
Cio vilmorine D (93) A. vilmorinianum [57]
Ci9 vilmotenitine A (94) A. vilmorinianum [58]
Cio vilmotenitine B (95) A. vilmorinianum [58]
Ci9 vilmotenitine C (96) A. vilmorinianum [58]
Cao 1,11-diacetoxy-2,13-dibenzoyloxy-7-hydroxy-15- A. carmichaelii [59]

isobutanoyloxy-N-methyl-N,19-secohetisan-19-al

(97)
Cxo aconicarmicharcutinium A hydroxide (98) A. carmichaelii [60]
Cao bullatine H (99) A. brachypodum [61]
Ca carmichaedine (100) A. carmichaelii [62]
Cao carmichaeline A (101) A. carmichaelii [63]
Cao Guan-Fu base J (102) A. koreanum [64]
Cao Guan-Fu base N (103) A. koreanum [64]
Cxo pubesine (104) A. soongaricum var. pubescens [65]
Cao sinomontanidine A (105) A. sinomontanum [66]
Ca sinomontanidine B (106) A. sinomontanum [66]
Cao trichocarpisine A (107) A. tanguticum var. trichocarpum [67]
Cao trichocarpisine B (108) A. tanguticum var. trichocarpum [67]
Cxo trichocarpisine C (109) A. tanguticum var. trichocarpum [67]
Cao vilmorrianine E (110) A. vilmorianum [68]
Cao vilmorrianine F (111) A. vilmorianum [68]
Cao vilmorrianine G (112) A. vilmorianum [68]




Pharmacological investigations were performed with Aconitum extracts and with pure compounds,
as well. Noteworthy and promising results have been reported on selective cytotoxicity,
antiproliferative and antitumor activity of diterpene-alkaloids. Aconitine (18) exerted selective
cytotoxicity on Miacapa-2 and PANC-1 pancreatic cell lines in vitro. Moreover in xenograft mouse
model it suppressed pancreatic cancer in vivo by inhibition of NF-kB [69]. Nagaconitine C (78) and
nagaconitine D (79) exerted selective cytotoxic activity on human ovarian cancer line (SK-OV-3) [51].
Taipeinine A (87) suppressed HL-60 cells, thus it might be worthy for investigation for antileukemic
effect [56]. The polysaccharide from A. koreanum (100 mg/kg dose) suppressed the pituitary tumor
transforming gene in rats, and in vitro it was effective on H22 cell lines [70].

Analgesic activity of diterpene alkaloids was observed in vivo. These compounds exerted
effect comparable to the sodium metamizole during the painful reaction induced by acetic acid
[71]. The processed extract of A. jaulense exerted significant anti-allodynic effect in rats in case of
intrathecal administration [72]. Local anaesthetic effect is explained by diterpene alkaloids’ activity
on voltage-gated sodium channels [73].

Anti-inflammatory effect was reported for diterpene alkaloids with various skeletons. 1,11-
diacetoxy-2,13-dibenzoyloxy-7-hydroxy-15-isobutanoyloxy-N-methyl-N,19-secohetisan-19-al (97)
inhibited the COX-2 enzyme in vitro [59]. Napelline (32), songorine (30) and mesaconitine (113)
exerted significant anti-inflammatory effect, compared to diclofenac, in histamine and
carrageenan-induced acute inflammation in mice [74], while swatinine-B (83) and neoline (15)
showed to be more effective than indomethacin [54]. RG-Il type polysaccharides isolated from A.
koreanum alleviated the lipopolysaccharide-induced inflammation by inhibiting NF-«kB [75].

Songorine (30) was examined in Vogel’s test on mice, where showed to be potent anxiolytic

[76]. Further study revealed that songorine (30) does not have sedative effect [77].

3.2.2. Aconite lipo-alkaloids

Lipo-alkaloids have been isolated by Kitagawa et al. for the first time in 1982, and were identified
as esters of long-chain fatty acids and diterpene alkaloids [78]. Since then a series of lipo-alkaloids
have been identified. 173 compounds were reported in a comprehensive review by Borcsa et al.
[79], all were Cyo diester diterpene alkaloids esterified with long-chain fatty acid in position C-8, and
occasionally in position C-3 in case of dilipo-alkaloids [80]. The esterifying fatty acids vary in carbon
atom number of the chain and the grade of saturation. In the last five years, new lipo-alkaloids have
been identified, mainly by means of LC-MS, and around 100 potentially new lipo-alkaloids are

predicted [81].



Analytical studies reported lipo-alkaloids as genuine minor compounds in raw plant
material. The amount of these compounds is increasing during the traditional processing methods,
while the amount of diester diterpene alkaloids are decreasing [82].

The semisynthesis of lipo-alkaloids have been successfully reproduced in laboratory by
Csupor et al. [83] by modification of method reported by Bai et al. [7]. Similarly to the traditional
method, the unavoidable part of the reported process is the heating step. As the result of this

method, 14-benzoyl aconitane lipo-alkaloids with various fatty acids were produced (Fig 1) [83—85].

HO
. ,OCH,
-"IF'OBZ
\o (N M, + \ + CH,COOH
‘OH
HO\\:c b R
aconitine lipo-alkaloid pyroaconitine

Figure 1. Semysinthesis of lipo-alkaloids
(R: laurate; myristate; palmitate; stearate; palmitoleate; oleate; y-linolenate; eicosanoate; eicosa-11Z-enoate; eicosa-11Z,14Z-dienoate;
eicosa-8Z,11Z,14Z-trienoate; eicosa-112,14Z,17Z-trienoate; eicosa-5Z,82,11Z,14Z-tetraenoate; eicosa-52,82,112,142,17Z-pentaenoate)
According to the bioactivity screening of these compounds, they are inhibitors of COX-1, COX-2, 5-
LOX enzymes and Nay1.2 channel. This could serve as explanation for the traditional application of
aconite drugs as anti-inflammatory agents and as painkillers [85]. In vivo experiments, performed
on mice, revealed that 14-Bz-aconitane lipo-alkaloids are far less toxic than aconitine (18). While

animals treated with 0.3 mg/kg of aconitine (iv.) died immediately, all animals survived the

treatment with dose higher than 10 mg/kg of lipo-alkaloids [82].

3.2.3. Activity of aconite diterpene alkaloids on Na* and K* channels

Toxicity of unprocessed Aconitum drugs is primarily explained by the Na* channel activating effect
of some of their diterpene alkaloids (e.g. aconitine (18), hypaconitine (114) and mesaconitine(113))
[86,87]. Arrhythmogenic alkaloids have high affinity to the open Na* channels at the neurotoxin
binding site 2; they activate these voltage-dependent Na* channels at their resting potential and
inhibit their inactivation, resulting in a final inexcitability of the cells [88]. In case of fatal Aconitum
poisoning, the major cause of death is usually arrhythmia or heart arrest [89].

Dzhakhangirov et al. [90] analysed the structure-cardiac activity relationships of 111
diterpene alkaloids in two animal arrhythmia models. All arrhythmogenic alkaloids possess an
aconitane skeleton, but the substituents strongly influence their activity. In particular, a 3-OH on C-
13, an a-O-aroyl on C-14, a B-acetate on C-8 and a positively charged nitrogen atom play key roles
in the arrhythmogenic activity.

Interestingly, certain diterpene alkaloids have antiarrhythmic effect. This activity is

mediated through their interaction with K* channels and the inhibition of the voltage-dependent
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Na* channels [88,91]. Na* channel-blocking diterpene alkaloids are competitive antagonists of the
arrhythmogenic, Na* channel-activating alkaloids. The most active antiarrhythmic compounds are
some Cig bisnorditerpene alkaloids. Their common structural features are the presence of an
acetylanthranilic or anthranilic acid residue on C-4, methoxy groups on C-1, C-14 and C-16, and an
OH on C-8 [90]. Lappaconitine, a member of this group, irreversibly blocks open human heart
Na* channels [92] and interacts with K* channels [93].

Alkaloids from the Ci5 norditerpene group with antiarrhythmic activity typically have a basic
nitrogen and possess an aromatic ester group on either C-1, C-6 or C-14 position. A representative
of this group is 14-benzoyltalatisamine (115), which is a potent and selective blocker of the delayed
rectifier K* channels [94].

Among the Cy diterpene alkaloids, members of the Guan-Fu base series are the most
promising antiarrhythmic compounds. Guan-Fu base A (= acehytisine) (120) blocks the fast
Na* channel, exhibiting remarkable antiarrhythmic effect in rats [95] and increasing the diastolic
period, thereby improving the myocardial blood supply [96]. In a patch-clamp experiment on
guinea-pig myocytes, it inhibited the delayed rectifier current, which may contribute to the
prolongation of cardiac repolarization [91].

Comprehensive investigation of cardioactive Aconitum alkaloids led to the development of
a new group of antiarrhythmic drugs [97]. Lappaconitine (116) hydrobromide, produced from the
roots of A. leucostomum and A. septentrionale was the first diterpenoid alkaloid-based drug on the
market, approved in the 1980’s as a class 1-C antiarrhythmic drug. Acehytisine (120), an alkaloid of
A. koreanum , was approved for the treatment of paroxysmal supraventricular tachycardia in 2005
[98].

The human ether-a-go-go-related gene (hERG) encodes a voltage-gated potassium channel
that provides the major repolarizing current (rapidly activating delayed rectifier potassium current,
I«) in phase 3 of the cardiac action potential. Blockade of this channel may lead to the prolongation
of the QT interval and thereby could enhance the risk of arrhythmia and sudden cardiac death [99].
The increased expression of GIRK (G protein-coupled inwardly-rectifying potassium) channels in the
atria is associated with chronic atrial fibrillation [100], thus it is assumed that selective antagonists
of these channels might be useful in the treatment of atrial fibrillation [101]. Therefore, selective
blockers of GIRK channels without any inhibitory activity on hERG channels may be candidates for
further studies focusing on their potential application as antiarrhythmics.

Interestingly, systematic studies on the effects of diterpene alkaloids on K* channels are
scarce. A previous study reported the hERG channel inhibitory effect of aconitine (18) [102], which
may also contribute to the toxicity of Aconitum plants. Later, an animal experiment confirmed

similar activity for hypaconitine (114), confirming the QT prolonging potential of this compound
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[103]. For acehytisine (120), relatively weak hERG channel inhibitory activity was observed
compared to the structurally related Guan-Fu base G (121), which justifies its superiority in case of
human therapeutic application [104]. In one of our previous papers our group reported that
aconitine (18), 14-benzoylaconine 8-O-palmitate (35), gigactonine (12), neolinine (16) and
songoramine (31) demonstrated significant hERG channel inhibition using whole-cell patch clamp
technique [105]. In a subsequent study, 15 diterpene alkaloids (aconosine (2), dolaconine (3),
delavaconitine (4), acotoxicine (5), 14-deacetyl-18-demethyl-pubescenine (13), acotoxinine (14),
neoline (15), neolinine (16), delectinine (17), aconitine (18), karakoline (19), senbusine A (20),
senbusine C (21), songorine (30) and napelline (32)) were tested for their GIRK inhibitory activities,
but none of them exerted remarkable activity. In this study, no hERG activity was recorded for
neoline (15), karakoline (19), senbusine A (20), senbusine C (21) and napelline (32) [106].
Processing of aconite roots results in the transesterification of diester alkaloids with fatty
acids at the C-8 carbon. The amount of the so-called lipo-alkaloids increases during processing, and
in properly processed roots the major native alkaloids (aconitine (18), hypaconitine (114) and
mesaconitine (113)) can be found only in traces. Contrary to aconitine-type alkaloids, lipo-alkaloids
are substantially less toxic; the intravenous lethal single doses in animal experiments were of 3

magnitudes higher for the latter compounds [82].

3.2.4. Phytochemistry and pharmacology of Spiraea genus

Phytochemistry of 28 Spiraea taxa have been extensively studied. Mono- [107,108], di- [109-115],
and triterpenes [116-121] have been isolated together with flavonoids [107,122-131], lignans
[117,132-136], neolignans [137] and other phenylpropane derivatives
[117,118,120,129,133,136,138-145]. Interestingly, only 9 of the investigated taxa contained
diterpene alkaloids (S. formosana, S. fritschiana var. parvifolia, S. japonica, S. japonica var. acuta,
S. japonica var. fortunei, S. japonica var. glabra, S. japonica var. incisa, S. japonica var. ovalifolia, S.
japonica var. stellaris). From S. japonica 64 [114,146-164], from S. fritchiana 2 [148,152], from S.
koreana [165] and from S. formosa 1 [137] diterpene alkaloids have been reported. All of the

reported 65 diterpene alkaloids bear hetisine- and atisine-type Cyo basic skeletons (Fig 2) [166].
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Figure 2. Cy diterpene alkaloids reported from Spiraea genus

The ethnomedicinal uses of Spiraea species have been documented in North America and Asia. The

decoction of S. betulifolia was used as analgesic [167], in case of menstrual pain, heavy or prolonged

menstruation, poor kidneys, ruptures, colds and abdominal pains [168] by Native Americans. In

Traditional Chinese Medicine, S. japonica was used as a remedy for inflammation, cough, headache,

and toothache [169]. Although the ethnomedicinal application of these species is marginal, various

pharmacological studies have reported noteworthy activities of Spiraea extracts and pure

compounds.
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Aqueous extract of S. aruncus [170] and alcoholic extract of S. thunbergii exerted
antibacterial effect in vitro [171]. The volatile oils of S. alpina [172] and the decoction of S. salicifolia
[173] exerted antifungal activity, similarly to the flavonoids and polyphenolic compounds isolated
from Spiraea species [140,174,175]. The ethanolic extracts of S. alpina [176] and S. japonica var.
acuminata exerted antiviral effect against tobacco mosaic virus. Spiramine C (136), a Cyo-diterpene
alkaloid, exerted noteworthy antiviral effect, too [177].

Lignans (8'-hydroxylpinoresinol-8'-O-B-D-glucopyranoside, lyoniresinol-9-O-B-D-
glucopyranoside and isolariciresinol-9-O-B-D-glucopyranoside) obtained from Spiraea species were
subjected to pharmacological examination. These compounds decreased significantly the levels of
proinflammatory cytokines and interleukins (IL1B, IL6), which refers to their anti-inflammatory
effects [134,135]. Atisine-type diterpene alkaloids suppressed the generation of NO in murine
macrophage-like RAW 264.7 cells [118].

Hetisine-type diterpene alkaloids isolated from Spiraea species were tested as antiplatelet
agents in vivo and in vitro by use of the methods of Born, Shen, and Hamburger. Vast majority of
the tested Spiraea C,, diterpene alkaloids exerted selective inhibitory activity on PAF-induced
platelet aggregation [166,178,179].

The neuroprotective effect of spiramine T (140) was investigated. This compound reduced
the content of lipid peroxide (LPO) significantly, increased the glutathione peroxidase (GSH-PX)
activity, and inhibited the increase of nitric oxidase (NOS) activity and nitric oxide production in the
cortex in gerbils, which were subjected to global forebrain ischemia and reperfusion [162]. Similarly,
the ethanolic extract of Spiraea japonica var. acuta enhanced the recovery of EEG amplitude during
reperfusion and decreased the water content in the cortex [166]. Further examination of Spiraea
extracts and diterpene alkaloids for their neuroprotective effect seems to be promising.

Diterpene alkaloids exerted selective cytostatic activity in vitro. Spiramine C (136) and
spiramine D (137) showed antiproliferative activity on MCF-7 cell line [180], while 15-

oxospiramilactone was potent in case of colon-cancer cell cell lines (SW-480 and Caco-2) [181].

3.2.5. Phytochemistry and pharmacology of Ambrosia artemisiifolia

The phytochemical investigations, beside the examination of the entire plant, are focusing mainly
on the pollens. Flavonoids, phenolcarboxylic acids, and polyphenolic compounds have been
reported from pollens and plant, as well [182,183]. The surface of the pollens is rich in proteins,
peptides with immunoglobulin-E binding capacity (Amb a 1 and Amb a 2 allergens) with ability to
trigger rhinitis, oculorhinitis and other symptoms of hay fever [184]. Amb a proteins with pectate

lyase [185] or protease activity [186] were not detected in other parts of the plant.
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Sesquiterpene lactones are the most characteristic compounds for Ambrosia genus. Since
the vast majority of pharmacological experiments deals with these compounds, the literature

overview is limited to sesquiterpene lactones reported from A. artemisiifolia. According to

literature data, 29 sesquiterpene lactones have been isolated from A. artemisiifolia (Fig 3) [187-

199].

AcO HO.,
(o]
AcO o
o]
cumanin (196) dihydrocumanin (197) cumanin diacetate (198) peruvin (199) coronopilin {200)

dihydrocoronopilin (201)  tetrahydrocoronopilin (202) damsin (203) 3a-acetoxydamsin (204)  11aH,13-dihydrodamsin (205)

o]
3a-hydroxy- 3a-acetoxy-
11aH,13-dihydrodamsin (206) 11aH,13-dihydrodamsin (207)  ambrosin (208) artesovin (209) 3,4-seco-ambrosanolide (210)

8-angeloyloxy- paulitin (212) isopaulitin (213) psilostachyin A (214) psilostachyin B (215)
10-acetoxyguai-3-en-6,12-olide (211)

o HO OH OH

psilostachyin C (216) artemisiifolin (217) artemisiifolinic acid (218) isoartemisiifolinic acid (219) isabelin (220)

isoalantolactone (221) dihydroisoalantolactone (222)  11B,13-dihydroparthenolide (223) 5—oxo—8a—hydroxy—l—e?)iartemorin (224)
Figure 3. Sesquiterpene lactone reported from Ambrosia artemisiifolia
Although A. artemisiifolia is native to North America, the medicinal application of this species was
marginal among Native Americans. The studies on its ethnomedicinal use report primarily
ethnographic aspects without discussing ethnopharmacological details [200-207]. The widespread

and long-standing folk medicinal application of this plant is not supported by the available data.

Though common ragweed had never been part of the folk medicine in Europe, the medicinal use of
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the herb (usually collected before the flowering period) has started recently and is spreading fast.
To the best of our knowledge, neither the effects of long-term consumption, nor the expression of
allergens (Amb a 1 and 2) has been examined previously, thus the risks of applying the herb for
medicinal purposes is unknown.

Preclinical investigations of A. artemisiifolia were mainly conducted with its isolated
compounds. Many of them were reported to have noteworthy pharmacological activities (Table 2),
such as antibacterial, antifungal, antiprotozoal, anti-inflammatory, cardiovascular and
hepatoprotective effects. The antiproliferative effects of sesquiterpene lactones of the Ambrosia
genus has been widely examined on various tumour cell lines. However, no data is available on their

cytotoxic effects on normal cells.
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Table 2. Bioactivity of ambrosian sesquiterpene lactones

Compounds

Effects

Antileukemic
and anti-
lymphoma

Anti-cancer

Antiparasitic, insecticid Antimicrobial

Other

ambrosin (208)

Jurkat cell line [208]

P-388 [209]

NF-kB inhibitor[210]

molluscicidal [211]

antiarrhythmic
effect [212]
allergenic [213]

coronopilin (200)

Jurkat cell line [214]

U937 [214]

NF-kB inhibitor [215]
SAT3 activator [215]

larvicidal [216]

allergenic [217]

cumanin (196)

BW5147 [218]

trypanocidal [219]
antileishmanial [219]

anti-inflammatory
[220]

damsin (203)

NF-kB inhibitor [210,215]
STAT3 activator [215]
prostate cancer (DU145) [221]

antituberculotic
[221]
antifungal [222]

antileishmanial [221]
trypanocidal [221]

antyarrhytmic
[212]
allergenic [217]

dihydrocoronopilin
(201)

antibacterial
[223]

dihydroisoalantolactone

(222)

larvicidal [224]

isopaulitin (213)

human breast cancer cells (MCF-7, BCl) [225]
epidermoid carcinoma (A-431, KB) [225]
human colon cancer (Lul) [225]

human lung cancer (Col) [225]

paulitin (212)

human breast cancer cells (MCF-7 [225], BCI [225])
epidermoid carcinoma (A-431 [225], KB [225])
human colon cancer (Lul [225])

human lung cancer (Col) [225]

peruvin (199)

BW5147 [218]

breast cancer (aromatase inhibitor) [226]

trypanocidal [227,228]
antileishmanial [227,228]
antiplasmodial [229]

psilostachyin A (214)

BW5147 [218]

trypanocidal [227,228,230,231]
antileishmania [227,228]
antiplasmodial [229]

antimicrotubular
effect [198]

psilostachyin B (215)

trypanocidal [232]
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Compounds

Effects

antileukemic
and anti-
lymphoma

anti-cancer antiparasitic, insecticid

antimicrobial

other

psilostachyin C (216)

BW5147 [218]

trypanocidal [230,233]

antimicrotubular
effect [198]

isoalantolactone (221)

K562/A02 [234,235]
deregulates Myb
[236]

human breast cancer cells (MCF-7 [237-239], KT larvicidal [216]
[237,238,240], MDA-MB-231 [239])

hepatocellular carcinoma [241] (HLE) [240,242]
gynecological cancer (HEC-1, HOC-21, HAC-2) [243] (Hela)
[244,245], (SKOV3) [246]

osteosarcoma (U20S) [247]

NF-kB [247]

Nrf2/ARE activator [248,249]

pancreatic carcinoma-1 (PANC-I) [250]

human gastric adenoma (MK-1 [244], SGC-7901 [251])
melanoma [244]

human colorectal cells (HCT116) [252]

glial cell line (U251SP, T-98) [240]

head and neck squamous cell carcinoma (HNSCC) [253]
non-small-cell lung carcinoma [241]

antibacterial
[254,255]
antituberculotic
[256]

allergenic [192]
plant growth
activity [257]
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4. MATERIALS AND METHODS

4.1. Plant material

Aconitum napellus subsp. firmum (Reichenb.) Gayer (syn. A. firmum) (SZTE-FG 806) was collected
in the Retezat Mountains (South Carpathians, Romania) in August 2007, identified by Karoly Csedd
(University of Medicine and Pharmacy of Targu Mures, Targu Mures, Romania). The plant material
was dried and stored at room temperature until processing.

Spiraea crenata L. (SZTE-FG 850) and S. salicifolia L. (SZTE-FG 851) were collected and identified by
Gusztav Jakab (Szent Istvan University, Budapest, Hungary) in Sepsibilikszdd (Romania) and
Alsérdkos (Hungary). S. nipponica Maxim (SZTE-FG 852), S. x vanhouttei (Briot) Zabel (SZTE-FG 853)
and S. x billardii Hort. ex K. Koch (SZTE-FG 854) were collected and identified by Aniké Németh
(Botanical Garden of University of Szeged, Szeged, Hungary). S. media Schmidt. (DAU 0 31 147 009)
and S. chamaedryfolia L. (DAU 0 31 145 023) were harvested in Daugavpils (Latvia). Identification
was performed by Santa Rutkovska (University of Daugavpils, Latvia). Voucher specimens have been
deposited in the herbarium of Department of Pharmacognosy (SZTE-FG 805, SZTE-FG 850-857) and
University of Daugavpils (DAU 0 31 147 009 and DAU 0 31 145 023). The herbs and roots of plant

materials were separated, dried and kept on room temperature until processing.

4.2. Ragweed puree

The analysed product “Keserd parlagf(i készitmény 200 g” (in English: Bitter ragweed puree 200 g)
was purchased online [258] in 2015. According to the product description, it contains a puree
prepared from young and fresh ragweed herb (Ambrosia artesmisiifolia L.) and olive oil (the

quantities of the components are not published).

4.3. Diterpene alkaloids, lipo-alkaloids and fatty acids

Diterpene alkaloids were obtained from plant sources (A. anthora L. (6, 7, 29) [105], A. moldavicum
Hacg. (9, 11, 12) [259], A. toxicum Rchb. (2-5, 12, 14-16, 18) [260,261], A. vulparia Rchb. (8, 10, 17,
26-28) [262], A. napellus L. subsp. firmum (19-21, 32) [106], and Consolida orientalis Gay. (1, 13)
[263]). Lipo-alkaloids (35-48) were yielded by semisynthesis [83,84]. The purity (295%) of the
isolated compounds was confirmed by HPLC and *H NMR spectroscopy.

The palmitoleic acid, y-linolenic acid, eicosa-11Z,14Z-dienoic acid, eicosa-527,82,117,14Z-tetraenoic
acid and eicosa-57,82,112,142Z,17Z-pentaenoic acid were purchased from Sigma-Aldrich. The purity

of fatty acids was min. 98%.
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4.4. Purification and isolation of the compounds

4.4.1. Open column chromatography (CC) was carried out on Al,03 column (Aluminium oxide 90
active neutral, Merck 1.01077) eluting with a gradient system of n-hexane-EtOAc-MeOH (50:50:1,
50:50:2, 50:50:4, 50:50:5, 50:50:10 and 0:0:1) gaining 125 fractions, the volume of collected
fraction 1 was 100 mL, fraction 125 was 250 mL, further fractions were 10 mL, each.

4.4.2. Gel filtration chromatography (GFC) was performed on Sephadex LH-20 (25-100 um,
Pharmacia Fine Chemicals). The mixture of CH,Cl,-MeOH 1:1 was used as mobile phase, 20 fractions
were collected. The fractions 1 and 20 were 10 mL, further fractions were 2 mL respectively.
4.4.3. Centrifugal planar chromatography (CPC) was carried out with a Harrison Chromatotron
(Model 8924, Harrison Research) on manually prepared SiO; (Silica gel 60 GF2s4, Merck 7730) plates,
thickness 1 mm (CPCI, CPCII, CPCIIl, CPCV, CPCVI, CPCVII) and 2 mm (CPCIV), flow rate 4 mL/min.

Mobile phases:

CPCl: CH,Cl-MeOH [1:1, 0:1 (250 then 150 mL, respectively)]; volume of collected
fractions: 10 mL.

CPCIl: CH,Cl>-MeOH [18:2, 0:10 (250 then 150 mL, respectively)]; volume of collected
fractions: 5 mL.

CPCIll: CH,Cl,-MeOH [1:1, 0:1 (150 mL each)]; volume of collected fractions: 2 mL.

CPCIV: toluene-acetone-EtOH-cc.NHs-MeOH [70:50:16:4.5:0, 0:0:0:0:1 (250 mL each)];
volume of collected fractions: 5 mL.

CPCV: CHCls-MeOH [1:1, 0:1 (100 then 150 mL, respectively)]; volume of collected
fractions: 2 mL.

CPCVI: toluene-acetone-EtOH-cc.NH3-MeOH [70:50:16:4.5:0, 0:0:0:0:1 (500 then 150 mL
respectively)]; volume of collected fractions: 10 mL.

CPCVII: cyclohexane-toluene-EtOAc-MeOH [5:2:4:4, 0:0:0:1 (100 mL each)]; volume of

collected fractions: 3 mL.

4.4.4. Preparative layer chromatography (PLC) was performed on silica gel (20x20 cm Silica gel 60
F2s54, Merck 105554). Separation was monitored in UV light at 254 nm and by spraying the border of
the plates with Dragendorff’s reagent. Compounds were eluted from the scraped adsorbent with
CH,Cl;-MeOH 9:1. Mobile phases:

PLCI: toluene-acetone-EtOH-cc.NH; 70:50:16:4.5

PLCIl: CH,Cl,-MeOH 1:1
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4.4.5. Solid phase extraction (SPE) was carried out using normal phase column (Thermo Scientific,
Hypersep SI, 200 mg/3 mL, 60108-410). Conditioning was carried out with 9 mL of n-hexane. The
extract was loaded with 3 mL of n-hexane and washed with 6 mL n-hexane. Elution was carried out

with n-hexane (3 mL), EtOAc (15 mL, fractions), CH.Cl, (9 mL) and MeOH (9 mL).

4.4.6. Thin layer chromatography (TLC) was used for the screening of compounds. TLC examination
was carried out on silica gel (20x20 cm Silica gel 60 Fzs4, Merck 105554). Each steps of separation
were monitored at 254 nm and 366 nm. In case of diterpene alkaloid examination, toluene-acetone-
EtOH-cc.NH3 70:50:16:4.5 was applied as mobile phase, and Dragendorff’s reagent, and 5% aqueous
NaNO; solvent were used for visualisation. In case of sesquiterpene lactones, toluene-EtOAc-
HCOOH 5:4:1 was applied as mobile phase, and the dried plates were sprayed with cc.H,SO, and

heated in oven set at 110 °C for 5 minutes [264].

4.5. Extraction of plant compounds

4.5.1. Preparation and phytochemical screening of A. napellus subsp. firmum extracts

For screening the alkaloid content, MeOH, alkaline and acidic extracts were prepared from dried
and crushed roots, stems, leaves, flower and fruits.

MeOH extract: 1.0 g dried and crushed plant material was extracted with 10 mL MeOH by
ultrasonication at room temperature for 10 min. After filtration, additional 5 mL MeOH, 8 mL water
and 2 mL 10% H,SO, were added to the extract, and solvent-solvent partitioning was carried out
with 3x10 mL CHCls. The pH of the aqueous phase was rendered to 12 with 5% aqueous NaOH.
Further solvent-solvent partitioning was carried out with 3x10 mL of CHCl; and the organic phases
were collected.

Alkaline extract: 1.0 g dried and crushed plant material was extracted with 2 mL 5% aqueous
solution of NaOH and 10 mL CHCI; by ultrasonication at room temperature for 10 min. After
filtration additional 5 mL CHCl; was added. The solvent-solvent partitioning was carried out with
3x10 mL 2% aqueous HCI. The pH of the aqueous phase was rendered to 12 with 5% aqueous NaOH.
Further solvent-solvent extraction was carried out with 3x10 mL CHCl; and the organic phases were
collected.

Acidic extract: 1.0 g dried and crushed plant material was extracted with 10 mL 2% aqueous HCl by
ultrasonication at room temperature for 10 min. After filtration additional 5 mL 2% aqueous HCI
was added and the pH was rendered to 12 with 5% aqueous NaOH. Then the alkaloids were
extracted with 3x10 mL CHCls. The extracts were subsequently evaporated under vacuum at 40 °C.

Finally, the dried residue was dissolved in 1 mL MeOH.
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Screening for alkaloid content of the different extracts was carried out by TLC and HPLC (Waters
600, Waters Corporation, Milford, USA), equipped with a 2998 photodiode array detector, on-line
degasser and autosampler, using a reversed phase Gemini NX C18 110 A, 100 x 4.6 mm, 5 um
column (Phenomenex, Torrance, USA). Gradient elution was applied, using 10 mM CH3;COONH,
buffer pH 8.9 (eluent A) and AcNi (eluent B) (eluent B 30-40-45-80-30% in 0-4-20-30-70 min) at flow
rate of 1.1 mL/min. Alkaloids were detected in the whole UV wavelength range and specifically at

233 nm.

4.5.2. Preparation of crude alkaloid extract from Aconitum napellus subsp. firmum

Dried and crushed tubers and roots (280 g) of A. napellus subsp. firmum were extracted with 2500
mL of 2% aqueous HCIl by ultrasonication at room temperature for 15 min. The pH of the filtered
solution was rendered to 12 with 5% aqueous NaOH and extracted with CHCl; (4x750 mL). The
organic layer was evaporated under vacuum at 40 °C to give the alkaloid fractions (3.1 g) as a

yellowish syrupy residue.

4.5.3. Preparation of Spiraea extracts for alkaloid-content screening

All Spiraea species were screened for alkaloid-content. The same neutral, alkaline and acidic

extraction methods were applied as described in Section 4.5.1.

4.5.3. Preparation of Spiraea chamaedryfolia fractions

Dried and crushed herb materials were extracted consequently with MeOH, CHCI; and 2% aqueous
HCl by ultrasonication at room temperature for 15 min. The applied drug-solvent ratio was 1:5. The
drug was dried before each extraction. Moistening with 5% aqueous NaOH solvent was applied
prior extraction with chloroform.

The MeOH extract was acidified with 2% aqueous HCl and extracted with CHCls. Fraction
M1 was obtained by collecting and evaporating the organic phase. The pH of aqueous phase was
rendered to alkaline (pH 12) with 5% aqueous NaOH and extracted with chloroform. The CHCl;
phase yielded fraction M2.

The CHCI; extract was extracted with 2% aqueous HCl. The organic phase was evaporated
and named as fraction L1. The pH of aqueous phase was made alkaline and extracted with CHCls.
The organic phase was evaporated affording fraction L2.

The acidic extract was subjected to solvent-solvent partitioning with CHCls, after adjusting
the pH to alkaline. The dry residue of the organic phase was labelled as S1. The pH of aqueous phase
was rendered to acidic with 2% aqueous HCl and extracted with CHCl;. The organic phase was

evaporated affording fraction S2.
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4.6. Identification and structure elucidation of compounds

4.6.1. Identification of diterpene alkaloids by LC-MS

Screening for the known diterpene alkaloids in the alkaline and MeOH extracts of A. napellus subsp.
firmum was carried out by LC-MS. Chromatographic separation was performed using a Shimadzu
system (2 pumps (LC-20AD); UV-Vis detector (SPD-20A); autosampler (SIL-20A); controller (CBM-
20A); degasser (DGU-20A3) equipped with a reversed phase Gemini NX C18 110 A 100 x 4.6 mm 5
um column (Phenomenex, Torrance, USA). Mobile phase A was MeOH and B was CH3COONH,4
buffer (10 mM, pH=8.9). Gradient elution was applied (eluent B 60-5-5-60-60% in 0-35-36-42-45
min) at flow rate of 1 mL/min. The HPLC was coupled to an APl 2000 MS/MS with an atmospheric

pressure chemical ionization (APCI) interface. The source temperature was 350 °C.

4.6.2. Sesquiterpene lactone content identification in common ragweed puree

150 mg of the ragweed puree was extracted with 2 mL of n-hexane by ultrasonication for 10 min.
The fractions, rich in sesquiterpene lactones were prepared by solid phase extraction (SPE,
Hypersep SI 200 mg/3 mL, 60108-410 Thermo Scientific) and screened by TLC.

The presence of sesquiterpene lactones was confirmed by LC-MS. The dry residue of the analysed
fraction was dissolved in MeOH-H,0 2:1 and filtered on 0.45 um nylon filter. The volume of the
injected sample was 5 pL. Chromatographic separation was performed with an Agilent 1260 HPLC
equipped with a reversed phase Agilent 3.0 x 50 mm 2.7 um column (Agilent Poroshell 120 EC-C18).
Mobile phase consisted of 0.1% HCOOH in LC-MS quality water (eluent A) and 0.1% HCOOH in LC-
MS quality AcNi (eluent B). Gradient elution was applied (eluent B 5-40-95-5-5% in 0-3-7-20-20.1-
22 min). The flow rate was 0.5 mL/min. The column temperature was set up to 40 °C. The HPLC was
coupled to an Agilent 6460A Triple Quadrupole Mass Spectrometer. MS detection was carried out
in full scan mode (m/z range: 50-2000, fragmentor: 75 V, positive polarity, standard JetStream ion
source settings). Data acquired and evaluated using MassHunter software v. B.03. Expected m/z

values were extracted from the total ion current chromatogram.

4.6.3. Structure elucidation

NMR spectra were recorded in CDCls on a Bruker Avance DRX 500 spectrometer at 500 MHz (*H) or
125 MHz (*3C); the signals of the deuterated solvents were taken as the reference. Chemical shifts
were referenced to the residual solvent’s reconances (*H). 2D data were acquired and processed
with standard Bruker software. In the *H-'H COSY, NOESY, HSQC, and HMBC experiments, gradient-

enhanced versions were used.
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4.7. Pharmacological tests

Pharmacological investigations were performed in cooperation with the Rytmion Ltd. (Szeged,
Hungary, principal investigator: Laszl6 Talos), Department of Public Health (University of Szeged,
Faculty of Medicine, principal investigator: Andrea Szabd), and Department of Psychiatry

(University of Szeged, Faculty of Medicine, principal investigator: Zsolt Laszl6 Datki).

4.7.1. GIRK channel inhibitory assay

Experiments with diterpene alkaloids were performed on HEK293 cells stably expressing the
GIRK1/4 (Kir3.1/3.4) K* channels. GIRK channel inhibitory assay was developed by the adaptation
of the manual patch-clamp method of Hashimoto et al. [265] to the automated planar patch clamp
technology. The cell line was purchased from UCL Business PLC. Propafenone (Sigma-Aldrich Ltd.,
purity >98%) was used as a positive control. For the detailed protocol of GIRK assay, see refs

[84,106].

4.7.2. hERG channel inhibitory assay

A modified assay by Polonchuk [266] was used for measurements of hERG channel effect of the
diterpene alkaloids. Measurements were performed on HEK293 cells stably expressing the hERG
(Ky11.1) K* channel. The cell line was purchased from Cell Culture Service. 10 uM amitriptyline
(Sigma-Aldrich Ltd., purity >98%) was applied as a reference inhibitor. For the detailed protocol of
hERG assay, see refs [84,106].

4.7.3. Screening for antibacterial activity

The following microorganisms were employed as test strains in the screening assay of Spiraea
extracts: 3 Gram-positive strains namely, Bacillus subtilis (ATCC 6633), Staphylococcus aureus (ATCC
29213), Streptococcus pneumoniae (ATCC 49619) and one Gram-negative strain, Moraxella
catarrhalis (ATCC 25238). In addition, one multiresistant strain, namely methicillin-resistant
Staphylococcus aureus (MRSA, ATCC 43300) was also used as test organism. The test organisms
were cultured on standard Mueller-Hinton agar plates or Columbia agar + 5% sheep blood (COS)
plates (bioMérieux) at 37 °C. The bacterial cultures were maintained in their appropriate plates at
4 °C throughout the experiment and used as stock cultures.

The antibacterial activity of plant extracts was evaluated with disc-diffusion method. The bacterial
isolates for screening assay were prepared by picking single colony from 24 h old plates and it was
suspended in sterile, isotonic saline solution (5 mL) to reach 0.5 McFarland standard of optical
turbidity, resulting a suspension containing approximately 1-2x108CFU/mL. The bacterial

suspension was spread on sterile appropriate plates by sterile cotton swab. Sterile filter paper discs
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(6 mm of diameter) were loaded with the extracts (20 pL of dried extracts redissolved in EtOH-H,0
4:6 at 50 mg/mL) and after drying they were placed on the plates. Negative controls were
performed with paper discs impregnated with 20 pL of solvent. The plates were then incubated at
37 °C for 24 h under aerobic conditions. The diameters of inhibition zones produced by the plant

extracts were measured and recorded (diameter of the inhibition zone plus diameter of the disc).

4.7.4. Xanthine oxidase assay

The method used for the testing of Spiraea extracts is based on a continuous spectrophotometric
rate determination: the absorbance of XO enzyme induced uric acid production from xanthine was
measured at 290 nm for 3 min. The enzyme-inhibitory effect was determined by the decreased
production of uric acid. The final reaction mixture in 300 pL well was: 100 pL xanthine (0.15 mM,
pH 7.5), 150 pL potassium buffer (50 mM, pH 7.5) and 50 pL XO solution (0.2 Units/mL) for enzyme-
activity control. XO, isolated from bovine milk (lyophilized powder) and xanthine powder were
purchased from Sigma-Aldrich Co. The reaction mixture for inhibition: 100 uL xanthine, 140 pL
buffer, 10 uL test (S. chamaedryfolia fractions 12 g/mL, 600 pg/mL diluted in DMSO solution) and
50 uL XO. Allopurinol was dissolved in DMSO and used as positive control (100% inhibition was

considered at 10 pg/mL concentration of allopurinol).

4.7.5. Bdelloid rotifer assays

In vivo experiments were performed using Philodina acuticornis odiosa (PA) with diterpene
alkaloids. Rotifer culturing method and the methods for non-invasive (TSL: toxicity and survival
lifespan; BSI: body size index; MCF: mastax contraction frequency assay) and invasive (CRC: cellular
reduction capacity) experimental monitoring assays were performed according to modified method
by Olah et al. (2017) [267]. For the detailed protocol of assays, see refs [267,268].

Toxicity and survival lifespan (TSL) assay: The impact of the test compounds on the lifespan of unfed
PA rotifers was assessed. The morphological viability markers, chosen for evaluation were taken
over from Poeggeler et al. [269]; expanded and defined in Olah et al. [267].

Body size index (BSI) measurement: Rotifers never stop growing; therefore, the length/width of the
animal in correlation with time (body size index; BSI) increases continuously within the species-
specific limit.

Mastax contraction frequency (MCF) assay: The mastax (pharynx) is part of the digestive system. To
evaluate and standardize the viability of one-housed rotifers in our experiments, MCF
(contraction/sec) was used as a quantitative viability marker.

Cellular reduction capacity (CRC) assay: The CRC gives information about the scale of reduction

capacity and oxidative stress triggered by treatment in rotifers. For measuring the EZ4U Cell
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Proliferation Assay (non-radioactive cell proliferation, cytotoxicity and reduction capacity assay
with XTT solution) was used (cat. no.: BI-5000; Biomedica Hungary). The absorbance was measured
by a microplate-reader (Spectramax 384, Molecular Science, Hungary) set at 491 nm with 630 nm

as a reference.

4.7.6. Repeated dose toxicity on rats

The 28 days lasting experiment with ragweed puree was carried out on male SPF Wistar rats. The
ragweed puree was administered per os using cookie doughs as vehicles. As no previous animal
study was found in the literature with ragweed puree doses, they were determined according to
the following toxicological calculations. Dosage recommendation on the label of the ragweed puree
was considered as human median effective dose (EDsg). Control animals [CON, n=8] received plain
cookie dough without ragweed (0 m/m% in dough). Low dose animals [LD, n=8] received 500 mg/kg
b. w. ragweed (12.5 m/m% in dough), while high dose rats [HD, n=8] were given 1000 mg/kg b. w.
ragweed (25 m/m% in dough). During experiment the 407 OECD Guidelines for the Testing of
Chemicals [270] and protocols approved by the Committee on the Ethics of Animal Experiments of
the University of Szeged and the Directorate of Food Safety and Animal Health Care, Government
Agency of Csongrad County (Permit number: XXI1./151/2013.) were followed.

General clinical observations were done every day. After the treatment period the animals
were over-anaesthetized with isoflurane inhalation. The rats were dissected and blood samples
were taken immediately from vena cava. From blood samples, serum was separated for estimation
of various blood chemical parameters, levels of cholesterol, triglyceride, high-density lipoprotein
(HDL), low-density lipoprotein (LDL), alanine aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), gamma-glutamyl transferase (GGT), bilirubin, carbamide,
creatinine; number of leukocytes, number and proportion of neutrophils, lymphocytes, monocytes,
eosinophils, basophils; number of erythrocytes, haemoglobin, haematocrit, mean corpuscular
volume (MCV), mean corpuscular haemoglobin MCH, mean corpuscular haemoglobin
concentration (MCHC), red cell distribution width (RDW-CV), number of thrombocytes, and mean
platelet volume (MPV). The main organs were removed and weighed (brain, liver, lungs, heart,
kidneys, spleen, thymus and adrenals), as organ weight is a sensitive basic toxicological indicator.
Since absolute organ weight is influenced by the whole body weight, therefore organ-to-body

weight ratio (related to 100 g b.w.) was calculated. For further details see reference [271].
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4.8. Microscopical analysis

Spiraea chamaedryfolia secondary root was softened by ultrasonication in hot water for 1 h.
Unembedded material was sectioned on sledge microtome. Sections were cut 100 um thick.
Observations were made on unstained sections. For histological characterisation 1% aqueous
toluidine blue, and for alkaloid localisation Dragendorff’s reagent was used. Transverse sections
were mounted with water-glycerol 1:1. The sections were observed under light microscope and

photographic images were captured using a digital camera.

4.9. Statistical analysis

The distribution of data was checked for normality by Shapiro-Wilk test. In case of normal
distribution two sample Student’s test, one-way ANOVA and post hoc Bonferroni test (p<0.05) were
used. When a variable was not normally distributed, Kruskal-Wallis test was used for evaluation. In
case of significance (p<0.05) the data were tested using the Mann-Whitney test, to show which
groups are significantly different from each other. The experimental data are expressed as the
mean = SD or mean * SEM. All statistical analyses were carried out in R (version 3.3.2, The R

Foundation for Statistical Computing, Vienna, Austria, http://www.r-project.org).
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5. RESULTS

5.1. Isolation and detection of aconite alkaloids

The alkaloid content of various plant parts of A. napellus subsp. firmum was screened and the
neutral, alkaline and acidic extraction methods were compared using TLC and HPLC methods (see
sections 4.4.6. and 4.5.1.). It was concluded that the highest alkaloid-content can be found in roots
and tubers. Among the three compared extraction methods the acidic was supposed to be the most

effective (Fig 4), thus it was applied for further isolation work.
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Figure 4. Overlaid HPLC-DAD chromatogram of A. napellus subsp. firmum extracts (A= 233 nm)

The alkaloid-rich fraction for preparative phytochemical purposes was prepared by applying acidic
extraction followed by solvent-solvent partitioning (see section 4.5.2.) The obtained yellowish
syrupy crude alkaloid fraction (3.1 g) was chromatographed on Al,03 column (CC) eluting with a
gradient system gaining 125 fractions. Fractions with similar alkaloid content were combined after
TLC monitoring.

Fractions 58-64 eluted with n-hexane-EtOAc-MeOH 50:50:5 afforded AF1 (40.0 mg) in pure
form. Fractions 72-83 were subjected first to gel filtration chromatography (GFC). Subfractions of
this separation were purified by centrifugal planar chromatography (CPC 1) and then by preparative
layer chromatography (PLC 1), yielding AF2 (5.7 mg). Fractions 84-94 were purified by CPC II.
Subfractions 20-28 obtained here were subjected first to CPC lll then to PLC Il, to afford AF3
(1.4 mg). Subfractions 29-40 were purified by PLC lll and yielded AF4 (2.4 mg). Fractions 102-104 of
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CC were purified by centrifugal planar chromatography in four steps (CPC IV-CPC VII), affording
AF5 (3.4 mg) and AF6 (8.3 mg) (Fig 5-6).
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Figure 5. Isolation of alkaloids from A. napellus subsp. firmum

napelline (AF2; 32)  isotalatizidine (AF3; 6) karakoline (AF4; 19)

senbusine A (AF5; 20) senbusine C (AF6; 21) aconitine (AF7; 18) taurenine (AF8; 22)

Figure 6. The six isolated (AF1-6) and two identified compounds from A. napellus subsp. firmum

The compounds were identified by means of *H and *3C NMR spectroscopy. Neoline (AF1; 15) [272],
napelline (AF2; 32) [273,274], isotalatizidine (AF3; 3) [105], karakoline (AF4; 19) [275,276],
senbusine A (AF5; 20) [277]and senbusine C (AF6; 21) [273] were identified by comparison of their
NMR spectroscopic data with literature data. On the basis of our 2D NMR investigations (*H,'H-
COSY, HSQC, HMBC, NOESY) of napelline (AF2; 32) the previously reported *H NMR data [273] were

completed, since only a few *H chemical shift value were published earlier. In addition, the *C NMR
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assignments of C-2, C-3, C-5, C-9, C-11, C-13 and C-14 were revised as listed in the Table 3, with
regard to the HMBC correlations. The 'H NMR (500 MHz, CDCls) assignment of all protons of
senbusine C (AF6; 21) were determined by 2D NMR and literature data [273] were supplemented

and corrected with full *tH-NMR assignment.

Table 3. NMR spectral data of napelline (AF2; 32) [500 MHz, CDCls, & (ppm) (J = Hz)]

Atom H 13C HMBC (H No.)

1 3.93dd (8.0, 6.1) 69.8 3a, 3b

2a 2.00 m 31.7 18, 19b

2b 1.88 dd (12.9, 5.8)

3a 1.64 dt (8.0, 5.4) 36.0 1,5,7,11a, 143, 14b
3b 1.36m

4 - 34.0 2b, 3a, 3b/5, 17, 19b
5 1.36m 48.2 3a, 3b/6b, 7,9, 18
6a 2.46m -

6b 1.36 m 23.4

7 2.11d(5.3) 43.8 5/6b, 14b

8 - 50.3 6a, 6b, 9, 11a, 14a, 14b
9 1.45 dd (12.9, 6.3) 36.2 9,12

10 - 52.9 1,5,7,9,11b

11a 2.00 m 30.8 1,33, 3b

11b 1.79m

12 3.56dd (9.5, 6.8) 76.2 13, 144, 14b, 17
13 2.46m 47.1 11a, 14a, 14b, 17
14a 1.92 d (12.3) 28.5 9

14b 1.06 dd (12.3, 4.3)

15 4,19 s 77.7 13, 144, 14b, 17
16 - 159.1 12,13, 1443, 17
17a 5.17d(1.5) 108.7 13

17b 5.15d (1.5)

18 0.78 s 26.4 3a, 3b, 19b

19a 2.46d (11.4) 58.3 3a, 3b, 18

19b 2.26 d (11.4)

20 3.39s 66.0 3a,3b, 18

21a 2.58 dq (14.0, 7.2) 22

21b 2.46 dq (14.0,7.2) 51.0

22 1.08t(7.2) 13.2 -

Senbusine C (AF6; 21). Colourless amorphous solid; *H-NMR (500 MHz, CDCls): 3.67 (1H, s, H-1),
1.50 (1H, m, H-2a), 1.62 (1H, dd, J 4.7, 13.2 Hz, H-2b), 1.88 (1H, m, H-3a),: 1.60 (1H, m, H-3b), 2.18
(1H, d, J 6.9 Hz, H-5), 4.12 (d, J 6.9 Hz, H-6), 2.35 (1H, s, H-7), 2.15 (1H, dd, J 5.5, 5.9 Hz, H-9), 1.88
(1H, m, H-10), 1.81 (1H, dd, J 14.0, 4.5 Hz, H-12a), 2.03 (1H, m, H-12b), 2.25 (1H, dd, J 5.0, 6.7 Hz,
H-13), 4.11 (1H, t, J 4.6 Hz, H-14), 4.41 (1H, d, J 6.6 Hz, H-15), 3.16 (1H, d, J 6.7 Hz, H-16), 2.74 (1H,
s, H-17), 3.19 (d, J 8.2 Hz, H-18a), 3.65 (1H, d, J 8.1 Hz, H-18b), 2.30 (1H, d, J 10.5 Hz, H-19a), 2.71
(d, J 10.6 Hz, H-19b), 2.44 (1H, dq, J 13.2, 7.2 Hz, H-20a), 2.75 (1H, m, H-20b), 1.12 (3H, t, J 7.2 Hz,
H-21), 3.35 (3H, s, 6-OMe), 3.45 (3H, s, 16-OMe), 3.33 (3H, s, 18-OMe).
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The MeOH and alkaline extract were tested for compounds previously detected in this
species by LC-MS comparing the quasimolecular ions and fragmentation pattern of the compounds
with literature data. The MRM transitions for neoline (AF1; 15) (438->420) [278], karakoline (AF4;
19) (378->360), napelline (AF2; 32) (360->342), isotalatizidine (AF3; 6) (408->390), senbusine A
(AF5; 20) (424->406) [279], senbusine C (AF6; 21) (454->436) [279], aconitine (AF7; 18) (646—>586)
[82], mesaconitine (113) (632->572) [82], hypaconitine (114) (616->556) [82], songorine (30)
(358->340) [280], 15-acetylsongorine (400-»340), 3-deoxyaconitine (630-»570), (342->324),
tadzhaconine (534->474) and taurenine (22) (496—>436) were screened. The LC-MS analysis
resulted in the identification of six alkaloids (AF1-AF6; 6, 15, 19-21, 32) isolated from crude extracts
and further two known alkaloids aconitine (AF7; 18) and taurenine (AF8; 22) (Fig 7). Interestingly,

the other alkaloids previously reported from A. napellus subsp. firmum could not be detected.
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Figure 7. Identification of isolated compounds by LC-MS

(overlaid MRM chromatograms of A. napellus subsp. firmum extracts)

Although all isolated compounds (AF1-AF6; 6, 15, 19-21, 32) are known in A. napellus species
[276,281], napelline (32), isotalatizidine (3), karakoline (19), and senbusine C (21) were detected

for the first time from A. napellus subsp. firmum taxon.

5.2. Investigation of Spiraea species for alkaloid content

Phytochemical screening revealed alkaloid content in S. chamaedryfolia roots, nevertheless the
other six Spiraea species were alkaloid-free. The solvent-solvent partitioning of MeOH, acidic and
alkaline extracts of S. chamaedryfolia resulted in alkaloid-rich EtOAc, CHCl; and MeOH fractions (Fig
8). The most apolar fraction prepared with n-hexane was alkaloid free. The attempt to isolate

diterpene alkaloids has failed due to the low stability of compounds.
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Figure 8. Alkaloid content and biological activities of S. chamaedryfolia

On the transverse section of S. chamaedryfolia root, the characteristic structures for secondary root
can be observed (Fig 9). The periderm, primary and secondary cortex, and xylems with medullary
rays can be observed on unstained section. The primary and secondary cortex with fibers in primary
cortex are becoming observable after staining with toluidine blue. Dragendorff’s reagent reveals
the presence of alkaloids in secondary cortex and secondary xylem, while there was no alkaloid in

the pith.

Figure 9. The unstained (I.), stained with 1% toluidine blue (II.) and Dragendorff’s reagent (lll.) transverse sections of
Spiraea chamaedryfolia secondary root
(P: periderm, C: cortex, PC: primary cortex, SC: secondary cortex, X: xylem, SX: secondary xylem, MR: medullary ray)
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5.3. Pharmacological activity of aconite alkaloids

5.3.1. Activity on GIRK and hERG potassium channels

The inhibitory activity on cardiac potassium (GIRK and hERG) channels and structure-activity

relationship of diterpene alkaloids (1-32) and a series of fatty acids (palmitoleic acid, y-linolenic

acid, eicosa-117,14Z-dienoic  acid,

eicosa-57,87,117Z,14Z-tetraenoic

acid

and

eicosa-

52,82,11Z,14Z,17Z-pentaenoic acid) was investigated, together with lipo-alkaloids (33-46) (Table 4)

[105,106,282].

Table 4. GIRK and hERG activities of compounds (meanzSD, N=3)

(Data were published in ref 2 [105])

inhibitory activity (%)

hERG

inhibitory activity (%)

1pM 10 uM 1M 10 uM 30 um
takaosamine (1) 3126 2045 12.5+2.92
aconosine (2) 1516 2449 15.343.52
dolaconine (3) 4121 10116 8.311.42
delavaconitine (4) 28+10 4413

acotoxicine (5) 15+1 31+7 17.3+3.32
isotalatizidine (6) 2110 3011 19.1+3.22
10-hydroxy-8-0O-methyltalatizamine (7) -316 -5458 15.8+1.12

delcosine (8) 23+18 45+1 17.9+2.42

ajacine (9) 2518 33#3 13.0+1.72
lycoctonine (10) 04 11+26 13.743.32
swatinine (11) 2815 37+1 8.911.62
gigactonine (12) 1313 2744 38.0+7.42
14-desacetyl-18-demethylpubescenine (13) 1616 3349 6.5+1.92
acotoxinine (14) 1148 3542 6.5+2.22

neoline (15) 171 3218 314 1945

neolinine (16) 1714 35%12 35.8+4.72
delectinine (17) 30+1 40+7 7.742.32

aconitine (18) 159 4519 44,9+7.4
karakoline (19) 10+2 17+1 3+7 16+10

senbusine A (20) 19+1 2618 4+1 1110

senbusine C (21) 1745 2049 -1+10 3+19
acovulparine (26) 1249 2616 10.8+2.32
septentriodine (27) 23+10 37%13 20.9+1.02
finetiadine (28) 9+11 0+8

hetisinone (29) 1118 25412 14.343.92
songorine (30) 10+10 4719 13.2+1.82
songoramine (31) 36.4+5.42

napelline (32) 1445 218 016 1048
14-BzA-8-O-laurate (33) 17+13 65116 20118 52125
14-BzA-8-O-myristate (34) 1215 2519

14-BzA-8-O-palmitate (35) 1149 22+14 39.615.62
14-BzA-8-O-stearate (36) 31412 5713 24+2 43+13
14-BzA-8-O-palmitoleate (37) 3216 7614 20+16 6016
14-BzA-8-0-oleate (38) 14114 3513

14-BzA-8-0-y-linolenate (39) 42+19 8518 4515 9213
14-BzA-8-O-eicosanoate (40) 21+4 476

14-BzA-8-0O-eicosa-11Z-enoate (41) 810 1749
14-BzA-8-0O-eicosa-11Z,14Z-dienoate (42) 1818 59+13 8+12 3312
14-BzA-8-0-eicosa-87,117,14Z-trienoate (43) 36+14 84+1 22+17 46+19




GIRK hERG

inhibitory activity (%) inhibitory activity (%)
14-BzA-8-0-eicosa-117,147,17Z-trienoate (44) 22121 7815 18+4 5014
14-BzA-8-0-eicosa-57,87,11Z,14Z-tetraenoate (45) 4114 8811 3712 7518
14-BzA-8-0-eicosa-57,82,112,14Z,17Z-pentaenoate (46) 4248 91+1 4245 8243
palmitoleic acid (PALO) 117 3617
y-linolenic acid (g-LIN) 1515 2245
eicosa-11Z,14Z-dienoic acid (E-DI) 23+1 3147
eicosa-57,87,112,14Z-tetraenoic acid (E-TETR) 20+6 17+16
eicosa-57,87,117,14Z,17Z-pentaenoic acid (E-PENT) 20+1 1319

Diterpene alkaloids exerted only moderate activity on GIRK channels. Significant blocking activity
on GIRK channel was exerted only by aconitine (18) (45% in case of 10 uM) (Fig 10). Similar blocking
activity of delcosine (8) and songorine (30) was detected. The tested compounds bearing Cis, Cio
and Cy skeleton, exerted far lower activity on hERG channel than aconitine (18) (Fig 11). Harmful
cardiac effects of aconitine are well known [87], however no other aconite alkaloid exerted

significantly high inhibition neither on hERG, nor on GIRK channel.
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Figure 10. Effect of aconitine (18) on GIRK channel

Panel A shows the voltage protocol applied during GIRK screen. Effect of the only potent alkaloid (aconitine) is depicted in panel B and
C. Panel B shows typical current curves which were recorded during application of high K* external solution [l], aconitine (applied
concentrations were: 1 uM: V and 10 uM: A) and K* free external solution [@]. Calculated inward currents from the -140 mV segment
of the current sweeps presented on panel C. Arrows indicate exchange of external solution. Elevation of extracellular potassium level
from physiological (4 mM: u) to 25 mM [H] resulted in a well-detectable large increase in GIRK current. Injection of low concentration
of aconitine [1 uM: V] did not alter the GIRK current, while application of higher dose [10 uM: A] resulted in a light but significant
inhibition of the current. Injection of reference compound propafenone [<] resulted in a further decrease in GIRK-current. Potassium
free external solution [@] served as baseline.
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Figure 11. Effect of the non-potent alkaloid napelline (32) on hERG channel

Panel A shows the voltage protocol applied during hERG screen. Effect of napelline is depicted in panel B and C. Panel B shows typical
current curves which were recorded during application of napelline. Measurement of hERG currents started in external solution [u],
followed by the injection of different concentrations of napelline (applied concentrations were: 1 uM: V and 10 uM: A). Amitriptyline
(10 uM: <) served as a reference compound. Calculated tail currents from the -40 mV segments of the current sweeps presented on
panel C. Arrows indicate injections of different compounds. Injection of napelline in different concentrations [1 uM: V and 10 uM: A]
did not alter the current, while application of reference compound amitriptyline (10 uM: <) resulted in a significant decrease in hERG
current.

All semisynthetic lipo-alkaloids exerted inhibitory activity on the GIRK channel at 1 and 10 uM
concentrations. The GIRK inhibitory activity of saturated and unsaturated fatty acids was also
measured. Free fatty acids were significantly less active than lipo-alkaloids (33-46) (p<0.05) (Fig 12).
Lipo-alkaloids exerted significantly higher activity on GIRK channels than diterpene alkaloids

(p<0.01) (Fig 13).
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Figure 12. GIRK activities of lipo-alkaloids and their corresponding fatty acids. Values are mean + SD.
(BAPO: 14-BzA-8-O-palmitoleate (37), PALO: palmitoleic acid, g-BALL: 14-BzA-8-O-y-linolenate (39), g-LIN: y-linolenic acid, BAE-DI: 14-
BzA-8-0-eicosa-117,14Z-dienoate (42), E-DI: eicosa-11Z,14Z-dienoic acid, BAE-TETR: 14-BzA-8-O-eicosa-57,87,117,14Z-tetraenoate (45),
E-TETR: eicosa-5Z,8Z,11Z,14Z-tetraenoic acid, BAE-PENT: 14-BzA-8-O-eicosa-57,82,11Z,14Z,17Z-pentaenoate (46), E-PENT: eicosa-
57,87,117,14Z,17Z-pentaenoic acid)
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At 10 pM concentration the inhibitory activities of compounds 33, 37, 39, 43-46 were higher than
50%. 14-BzA-O-y-linolenate (39), 14-BzA-8-O-eicosa-57,87,117,14Z-tetraenoate (45) and
14-BzA-8-0-eicosa-527,82,112,14Z,17Z-pentaenoate (46) exerted remarkable activity even at 1 uM
concentration. Generally, compounds with higher unsaturation degree exerted more potent
inhibitory activity, except of compounds having only one or two double bonds. The inhibitory
potency increased with the number of double bonds in the order 2<1<3<4<5. Eicosaenoic acid

esters 42-46 were the most effective.
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Figure 13. GIRK inhibitory activities of lipo-alkaloids (LA, N=14) compared to fatty acids (FA, N=5) and diterpene
alkaloids (DA, N=27) and aconitine (N=3). Values are mean + S.E.M. *p<0.05, **p<0.01

On hERG channels lipo-alkaloids were less active in general than aconitine (Fig 14), however
compounds 39 and 46 are exceptions since their activity is similar to that of aconitine. The
compounds with the highest GIRK inhibitory activity are 14-BzA-8-O-y-linolenate (39) and
14-BzA-8-0-eicosa-57,827,112,14Z,17Z-pentaenoate (45), however they are also active on hERG
channels. Two compounds, 14-BzA-8-0-eicosa-87,117,147-trienoate (43) and
14-BzA-8-0-eicosa-117,14Z,17Z-trienoate (44), possess low inhibitory activity on hERG and at the
same time they are potent GIRK inhibitors, which renders them worthy of consideration for further

pharmacological studies.
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Figure 14. hERG inhibitory activity of lipo-alkaloids (LA, mean £ S.E.M., N=10) compared with aconitine (mean  SD,
N=3) at 10 uM concentration

5.3.2. Activity of aconite alkaloids in bdelloid viability assays

Ten diterpene alkaloids were evaluated for their effects on PA viability (Table 5). All compounds,
but napelline (32), increased the toxic survival lifespan value (TSL). Senbusine A (20) and hetisinone
(29) resulted in significantly higher TSL assay values (Fig 15A). Most of the compounds (2, 15, 18,
20, 21, 29, 32) increased, while napelline (32) decreased the body size index (BSI) compared to the
control group (Fig 15B). The mastax contraction frequency (MFC) was significantly decreased by
napelline (32), and increased by aconosine (2) and songorine (30) (Fig 15C). Significantly elevated
cellular reduction capacity (CRC) was observed in case of treatment with aconosine (2), aconitine
(18), senbusine C (21) and songorine (30), while napelline (32) significantly lowered this value (Fig
15D).

1200 A * * 170 B *
115 160 S
110 150 * %k
* 140
~ 105 = I *
B & *
= 100 I 1 1% * * *
] . @120 k3 1
k93 110 I I
90 100 - - I
a5 90 ‘ ‘
80 T 80
‘ [+ 20 29 32 [ 2 ‘ 15 18 20 21 29 ‘ 30
uc | 0.1% DMSO uc 0.1% DMSO
120 c * * 160 D o ok ok
15 i I 150 * % -1
110 140 I *
=105 =130 * _I_
fa 1 LS
o 100 I ® o 120 - I
g 9% - & 110
9 100 I l *
82 90 i
80 | — = —_— go [ - -
[+ 2 30 32 C 2 18 21 30 32
uc 0.1% DMSO uc 0.1% DMSO

Figure 15. Viability assays on bdelloid rotifers.
Values are mean + SEM; *: p<0.05; **: p<0.01; ***: p<0.001
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Table 5. Viability parameters; values are mean £ SEM, N=32

Compound TSL BSI MCF CRC

aconosine (2) 107.1+5.14 136.9+2.92 115.5+0.91 140.1+6.09
delavaconitine (4) 109.8+6.64 113.9+3.19 102.6+1.68 115.9+6.57
neoline (15) 109.3+7.04 117.4+£3.45 102.0+2.05 116.7+£3.96
aconitine (18) 108.515.18 116.5£3.00 101.7+£1.78 119.944.96
senbusine A (20) 110.9+6.41 112.2+2.73 98.9+2.18 115.5+5.54
senbusine C (21) 107.1+5.42 123.1+2.43 101.4+2.03 129.1+5.74
septentriodine (27) 109.6+6.12 114.5+3.05 102.9+1.79 111.1+4.79
hetisinone (29) 110.7+5.90 113.9+3.00 103.9+1.78 116.4+6.35
songorine (30) 108.4+6.28 159.2+3.49 114.6+0.74 151.8+3.61
napelline (32) 97.615.24 98.7+2.76 93.9+1.87 92.0+2.78

5.4. Pharmacological activity of Spiraea chamaedryfolia extracts

Different fractions were subjected to in vitro antibacterial and XO inhibitory activity screening. The
EtOAc fraction was the most potent XO inhibitor, exerting over 70% of inhibition compared to
allopurinol (Figs 8 and 16). Three fractions exerted antibacterial activity against Staphylococcus
aureus (ATCC 29213), Bacillus subtilis (ATCC 6633), Streptococcus pneumoniae (ATCC 49619),
Moraxella catarrhalis (ATCC 25238) and one fraction exerted antibacterial activity against

methicillin-resistant Staphylococcus aureus (MRSA) (ATCC 43300) (Fig 8 and Table 6).
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Figure 16. XO inhibitory activity of S. chamaedryfolia fractions (600 ug/mL). Values are the meantSD

Table 6. Antibacterial activity of S. chamaedryfolia fractions (50 mg/mL); values are the meantSD

Fractions Diameter of inhibition zone (mm)
Bacillus Staphylococcus Streptococcus Moraxella Staphylococcus
subtilis aureus pneumoniae catarrhalis aureus MRSA
ATCC6633 ATCC 29213 ATCC 49619 ATCC 43617 ATCC 43300
M1 - EtOAc 9.6+0.6 11.3+1.2 11.7+1.7 80 110
L2 - MeOH - - - 13.7+0.6 -
S2 - EtOAc 1210 12.7+0.6 13+1 9.3+0.6 12.6+0.6
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5.5. Toxicology of ragweed puree

5.5.1. Sesquiterpene lactone content of the product

Fractions obtained by solid phase extraction were examined by TLC. The sesquiterpene lactones
gave specific colour reaction [264]. The richest sesquiterpene lactone content was observed in case
of EtOAc fraction. The presence of sesquiterpene lactones, characteristic to ragweed (damsin (203),
3-acetoxydamsin (204), dihydrodamsin (205), hydroxydihydrodamsin (206), paulitin (212),
isopaulitin  (213), psilostachyin A (214), psilostachyin B (215), psilostachyin C (216))
[192,196,283,284], was confirmed by LC-MS, reassuring the ragweed content of the analysed

product.

5.5.2. Clinical observation and blood chemistry

There was no remarkable clinical symptom recorded during the observations. The only symptom
that appeared in 1-4 animals/group/observational occasion is the lengthened latency time of
balance reaction (the rat by head upside down is put onto the lowest part of a grid surface that is
inclined in 30" and the animal has to move upward immediately). However, no statistical
significance was seen among groups or between treatment weeks.

Among the biochemical parameters, the activity of liver function enzymes (AST, ALT), the
level of triglyceride, carbamide and creatinine were altered significantly in the blood of treated rats.
All other laboratory results showed no significant differences.

The activity of liver function enzymes reduced significantly in the low dose treated animals.
In the high dose group the reduction was significant only in case of AST (Fig 17A). The level of
triglyceride in the blood decreased in the treated rats, which was significant in the low dose group
(Fig 17B). The carbamide level showed a dose-related elevation in the treated animals, the change
became significant in the high dose ragweed group (Fig 17C). In case of creatinine level, significant

difference occurred only between the two ragweed-treated groups (Fig 17D).
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Figure 17. Levels of AST and ALT (A), trygliceride (B), carbamide (C) and creatinine (D) in blood serum of the control and
treated rats. (CON: control, LD: low dose of ragweed (500 mg/kg bw), HD: high dose of ragweed (1000 mg/kg bw);

mean SD, n=8; *: p<0.05, **: p<0.01 vs. control)

5.5.3. General toxicological parameters

Some weight gain differences were noticed in the treated rats compared to control, but there were
no significant differences between the groups over time. The relative organ weights to 100 g body
weight were calculated [271]. The weight of the liver declined with the dose and the difference was
statistically significant. The relative weight of brain was significantly increased in both treatment
groups compared to the control group.

As the brain weight changed during the treatment, hence the relative organ weights to
brain weight were calculated [271]. The relative weight of the liver remained significantly decreased
in the treatment groups versus control. The effect on other organ weights was negligible.

By dissection and macroscopic observation of the organs it was found that two animals in
the high dose group (animal identification number 20 and 22) had large, pale, smooth,
hydronephrotic kidneys with expanded medulla and cortex containing numerous 2-15 mm
diameter cysts. For further analysis, these kidneys were sent to a histopathological examination
where polycystic kidney disease (PKD) was confirmed. As PKD is caused by genetic mutations both

in humans and rats [285], therefore the presence of this disease was excluded from the evaluation
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of the effects of ragweed puree. After this finding the statistical analysis of the parameters affected
by the kidneys was re-evaluated by excluding the values of the two affected animals, though the

carbamide and creatinine level remained significantly elevated in the high dose group.
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6. DISCUSSION

6.1. Screening and isolation of diterpene alkaloids

Phytochemical investigation of A. napellus subsp. firmum resulted in the isolation of six diterpene
alkaloids. Aconitum species are rich sources of diterpene alkaloids, and this group of compounds is
considered as chemotaxonomic marker for the genus. However, the variability of the diterpene
alkaloid profile could be observed both on the levels of genera and species. The diterpene alkaloid
composition detected in our LC-MS experiments shows significant differences from previous results
[286,287]. The major difference is the lack of mesaconitine and hypaconitine in our sample, two
characteristic and widespread alkaloids of the genus (Table 7). Although the isolated compounds
are known in A. napellus species [276], the alkaloids napelline (32), isotalatizidine (3), karakoline

(19) and senbusine C (21) were obtained for the first time from A. napellus L. subsp. firmum taxon.

Table 7. The alkaloid profile of A. napellus subsp. firmum from different harvests
(* the investigated sample)

River Luzhanki Moravskoslezské Beskydy Mount. Retezat Mountains
(Ukraina) [286] (Czech Rep.) [287] (Romania)*

neoline X X

napelline

isotalatizidine

karakoline

senbusine A X

senbusine C

aconitine X

taurenine

X [ X [ X | X | X | X |X

songorine

hypaconitine

mesaconitine

3-deoxyaconitine

tadzhaconine

X [ X | X [X | X |X X

15-acetylsongorine

The ability to synthesise diterpene alkaloids is a unique phenotype outside Ranunculaceae. The
number of alkaloid-containing Spiraea species is limited. Among seven investigated Spiraea species,
only S. chamaedryfolia contained alkaloid, in S. crenata, S. media, S. salicifolia, S. nipponica, S. x
vanhouttei and S. x billardii, alkaloid content could not be detected. Although the secondary
metabolite content is highly affected by environmental conditions, the classification still can
possibly rely on chemotaxonomy, taking into consideration the alkaloid content as an easily

detectable molecular marker. The examined species were poorly investigated from a

42



phytochemical point of view. Chemical compounds have been reported only from S. crenata, S.

media and S. salicifolia, the other species have not been analysed previously (Table 8).

Table 8. References about the phytochemistry of Spiraea species

Species Ref
S. crenata [123,288]
S. media [124,289]

S. chamaedryfolia -
S. salicifolia [129,135]

S. nipponica -

S. x vanhouttei -

S. x bilbordii -

6.2. Biological activities

6.2.1. Effects of aconite alkaloids on GIRK and hERG channels

The ability of diterpene alkaloids to act on cardiac sodium channels is a well-known fact, however
the affinity to GIRK and hERG potassium channels have not been investigated in details, yet. Hence,
our research group performed screening of diterpene alkaloids (1-32) and 14-benzoyl aconitane
lipo-alkaloids (33-46). To understand the role of esterifying fatty acids, five fatty acids were
screened.

The bisnor- (Cis), nor- (Ci9) and diterpene (Cyo) alkaloids substituted with hydroxyl,
methoxy, keto, acetyl, veratroyl and benzoyl groups were tested. All of them were N-ethyl-
substituted. No selective activity could be observed on GIRK/hERG channels by any of the
investigated diterpene alkaloids. Although aconitine (18) was the most potent GIRK inhibitor among
investigated diterpene alkaloids, it exerted similar inhibition on hERG channels, as well. These
effects are supposed to be the result of the high affinity binding capability of aconitine (18) to the
open state of the voltage-sensitive sodium channels, thereby causing a persistent activation of
these channels. However, growing body of experimental results demonstrates the blocking
capability of aconitine (18) on different potassium channels, e.g. inhibition of hERG and K,1.5
potassium channels was reported by Li et al. [102]. hERG blocking effect of aconitine was also
proved by our group [105]. The GIRK potassium channel blocking effect of aconitine was reported
for the first time by our group. These results suggest a more complex cardiac action of aconitine
(18) with a multiple ion channel effect as it was earlier suspected. Other alkaloids of Aconitum did

not show any effect neither on GIRK, nor on the hERG channel.
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Lipo-alkaloids exerted inhibitory activity on GIRK channels at both applied concentrations.
However, a significant difference between the activity of lipo-alkaloids (33-46), aconitine (18) and
free fatty acids (Fig 12) indicates that the 14-BzA-part of the molecule is necessary for the ion
channel inhibitory effect (Fig 13). Further structure-activity relationship was recognised concerning
the saturation grade of the esterifying fatty acids. The unsaturation of the esterifying fatty acids is

a crucial factor for GIRK inhibitory activity (Fig 18).
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Figure 18. GIRK inhibitory activities of lipo-alkaloids containing saturated (N=5) and unsaturated (N=9) groups. Values are
mean + SEM

The screening for hERG activity is an important and unavoidable step in order to exclude the
cardiotoxicity of the investigated compounds. For the evaluation of compounds with high GIRK
activity and low hERG inhibition, GIRK/hERG selectivity was defined as a difference of GIRK and
hERG activity. This GIRK/hERG selectivity of compounds belonging to different structural features
as shown on Fig 19A. The highest selectivity of lipo-alkaloids is significantly higher than that of
diterpene alkaloids (p<0.001) (Fig 19B).

The hERG activity of two lipo-alkaloids (39 and 46) was similar to aconitine (18). However,
these two compounds had noteworthy GIRK activity. Despite this high GIRK inhibitory activity, their
hERG activity is raising safety concerns, making them unsuitable for cardiac application. The lipo-
alkaloids 43 and 44 exerted the most beneficial selectivity. They are considered as non cardiotoxic,
due to their low hERG activity, however their GIRK inhibition was high, 84% and 78%, respectively.

These results make them worthy of consideration for further pharmacological studies.
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Figure 19. Selectivity of the most potent compounds (A) on the GIRK and hERG channels (N=3, values are the mean +
SD.) and inhibitory activity of lipo-alkaloids (LA, mean % S.E.M., N=10) and diterpene alkaloids (DA, mean * S.E.M., N=25)
(B) on GIRK channels at 10 uM.

(BAE-PENT: 14-BzA-8-0-eicosa-57,827,117,14Z,17Z-pentaenoate, BAE-TETR: 14-BzA-8-O-eicosa-57,87,117,14Z-tetraenoate, g-BALL: 14-
BzA-8-0-y-linolenate, BAE-8TRI: 14-BzA-8-0-eicosa-827,11Z,14Z-trienoate, BAE-11TRI: 14-BzA-8-0-eicosa-117,14Z,17Z-trienoate, BAPO:
14-BzA-8-O-palmitoleate, BAL: 14-BzA-8-O-laurate, BAE-DI: 14-BzA-8-O-eicosa-117Z,14Z-dienoate, BAS: 14-BzA-8-O-stearate, SONG:

songorine, ACON: aconitine, BAP: 14-BzA-8-O-palmitate).

In summary, the most characteristic compound for the Aconitum genus, aconitine (18), acts both
on the hERG and GIRK potassium channels. However, transesterified aconitine-based lipo-alkaloids
are selective inhibitors of K" channels, with higher activity on GIRK and lower activity on
hERG channels. Fatty acids and diterpene alkaloids exert much lower activity on GIRK channel.
These results demonstrate that the diterpene alkaloid skeleton and the aliphatic fatty acid
substitution are both prerequisites for GIRK channel inhibition. The most potent compounds are
those substituted with polyunsaturated acyl groups. The most selective and thus particularly

promising compounds with lowest hERG activity are the newly synthesised 14-BzA-8-O-eicosa-

82,11Z,14Z-trienoate (43) and 14-BzA-8-0-eicosa-112,14Z,17Z-trienoate (44).
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6.2.2. Biological activity of Spiraea chamaedryfolia extracts

Even though Spiraea species have marginal ethnomedicinal application, previous biological studies
have still reported noteworthy results for Spiraea extracts and pure compounds, thus further
screenings and examinations are promising.

Six fractions of Spiraea chamaedryfolia were investigated. The in vitro pharmacological
screening revealed potential XO inhibitory activity and moderate antibacterial activity. Since no
biological activity data of Spiraea chamaedryfolia has been reported previously, our results

contribute to the pharmacological profile of this plant.

6.2.3. Toxicity of diterpene alkaloids on bdelloid rotifers

Universal aspect of rotifers phenotype was measured to characterize the effects of diterpene
alkaloids on the survival, health and behaviour of Philodina acuticornis odiosa. Decrease or increase
in the experimental parameters of the rotifers is in correlation with the physiological state of
individuals. The aim of these assays was to obtain data on toxicity of diterpene alkaloids. Bdelloid
rotifer assays were used for the first time for the investigation of the effects of diterpene alkaloids.

The investigated compounds were non-toxic in these assays, except napelline (32), that
reduced all measured parameters. A wide tolerance range for the tested alkaloids — including Cis,
Ci9 and Cy diterpene alkaloids — is reported for the first time. This conclusion is supported by the
results of toxicity and survival lifespan (TSL), which provides mortality rate, and body size index
(BSI). Senbusine A (20) and hetisinone (29) even increased the TSL. Only napelline (32) was toxic by
significantly decreasing the lifespan. Most of the investigated alkaloids increased the BSI, except
napelline (32) which slightly decreased this value. The mastax contraction frequency values showed
no toxicity for investigated compounds, except for napelline (32). In case of aconosine (1) and
songorine (10) this parameter was even increased. The cellular reduction capacity gives information
about the degree of reduction capacity and oxidative stress triggered by treatment. All compounds
elevated cellular reduction capacity, except napelline (32).

Most of the examined compounds have been poorly investigated regarding their toxicity
(Table 9). The median lethal dose (LDso) in mice was available only for compounds 2, 4, 15, 18, 30
and 32. According to these literature data, the most toxic compound is aconitine (18), while
songorine (30) is the least toxic. The weak toxicity of songorine (30) is also supported by our
experiment. The well-known aconitine (18) possesses high toxicity in vivo both in rodents and
mammalians [6]. However, in our assay, napelline (32) showed to be the most toxic. Since there
were no toxicity data for compound 20, 21, 27 and 29, here we report their in vivo toxicity results

for the first time.
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Table 9. LDs data for the investigated compounds reported in literature (NA: not available, [290]24; [291]2f; [6]¢; [292]°)

Compound LDso (mg/kg)
oral intravenous subcutaneous intraperitoneal

aconosine (2) NA NA NA 1542
delavaconitine (4) NA 28.5b 106 NA
aconitine (18) 1.0¢ 0.10¢ 0.27¢ 0.27¢
neoline (15) NA NA NA 150d
senbusine A (20) NA NA NA NA
senbusine C (21) NA NA NA NA
septentriodine (27) NA NA NA NA
hetisinone (29) NA NA NA NA
songorine (30) 15752 142.5¢ 630¢ 485¢
napelline (32) NA 882 NA NA

In summary, this in vivo screening system, with four different methods, made it possible to measure
various conditions at different sensitivity levels of detection independently and/or simultaneously,

providing a reliable and highly replicable screening method in pharmaceutical science.

6.2.4. Toxicological evaluation of common ragweed

The study design and the special feeding technique were proven successful in rats which can be
eligible to model the effects of oral ragweed puree consumption in humans. Four weeks of
treatment evoked no visible clinical symptom but was enough to induce some laboratory
alterations that raise concern.

AST and ALT are considered two of the most important enzymes that indicate liver injury.
Generally increased AST and ALT levels are associated with liver cell damage [293]; during the
destruction of liver cells a peak in AST and ALT elevation occurs, but as the process progresses,
enzyme levels may decrease even to the normal level [294]. In our study decreased enzyme levels
were observed in the LD group, which may implicate a developing liver atrophy. This correlates with
the observed reduction of relative liver weight. Although no macroscopic alteration could be
observed in the liver tissue, further experiments are required, since no histological studies were
performed previously.

According to an earlier investigation, ragweed treatment may also have hepatoprotective
effects, since in that case the normalization of ALT and AlkP activity and blood bilirubin level were
observed. In that experiment polyphenol-rich fraction, isolated from Ambrosia was applied in a
model of acute toxic hepatic damage caused by carbon tetrachloride in rats [182].

Parkhomenko et al. observed hypolipaemic properties of polyphenolic fractions isolated
from common ragweed in rats after inducing hyperlipidaemia by the joint per oral administration
of vitamin D, and cholesterol [182]. Their results are in agreement with the documented triglyceride

level reduction in our study.
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Nephrotoxicity can be associated with a temporary elevation of laboratory values like
carbamide, reflecting less carbamide being filtered through the kidneys. In our study, the elevated
carbamide levels were measured after ragweed treatment, which is a clear sign of kidney damage.
In the study of Noori et al. Wistar rats were injected with an ethanolic extract of Artemisia deserti
Krasch. (species related to A. artemisiifolia). The extract produced histopathological alterations in
the kidneys of rats. The serum carbamide level was elevated, but the change was not significant
[295]. Levels of urea were increased significantly and kidney tissue damage was observed in the
treated groups compared to control group in the experiment of Ene-ojo et al. [296]. However, we
also evaluated the changes in creatinine levels and a similar trend was observed, but the change
was significant only between the LD and HD groups.

Sesquiterpene lactones, found mainly in the Asteraceae family, may play a significant role
in the toxic effects of ragweed on animal organs. Nephrotoxic effects of sesquiterpene lactone-
containing herbal extracts have been reported in previous studies. The most widely known
Asteraceae plant for its nephrotoxic effect is Hymenoxys odorata. Ingestion of this plant results in
complex toxic symptoms, including glomerulonephrosis and hepatotoxicity — reported in sheep and
goats [297]. Parthenin, a compound characteristic to Parthenium species, inhibited RNA, DNA and
protein synthesis in vitro in cultured bovine kidney cells [298]. In a repeated dose toxicity study in
rats, the administration of sesquiterpene lactone containing extracts of Smallanthus sonchifolius
resulted in alterations of creatinine, glucose and albumin levels, implying renal damage. Histological
analysis showed lesions compatible with chronic glomerulonephrosis [299]. Similar nephrotoxicity,
together with the signs of hepatotoxicity was observed in an acute toxicity study carried out on rats
with the ethanolic extract of Tithonia diversifolia, a species belonging to Asteraceae with confirmed
sesquiterpene lactone content [300]. However, some sesquiterpene lactones may have
hepatoprotective effects: an enriched fraction of sesquiterpene lactones of Taraxacum officinale
roots exerted protective effect against carbon tetrachloride-induced hepatotoxicity in mice [301].
Certain sesquiterpene lactones of Sarcandra glabra showed hepatoprotective activity against D-
galactosamine-induced toxicity in WB-F344 rat hepatic epithelial cells in vitro [302].

Observations on livestock lead to the recognition that some sesquiterpene lactones are
responsible for pharmacological effects on the central nervous system. Symptoms similar to
Parkinson’s disease occurred in horses after long term feeding of Centaurea solstitialis and C.
repens. This disease — nigropallidal encephalomalacia — is characterized by liquefactive necrosis on
various parts of the brain [303].

Another group of sesquiterpene lactones exerted neurotoxic activity by acting on GABA and
glycine receptors as antagonists [297]. However, there are no data on the effect of sesquiterpene

lactones on the brain weight. As organ weight change often precedes morphological alterations
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[304], our results draw attention to this possible effect, however, there is no evidence that the
observed change in brain weight is linked to the sesquiterpenes of ragweed.

Our results refer to nephrotoxicity of common ragweed and its controversial effect on brain
tissue. These results are in line with previous studies carried out with some other species of the
genus Artemisia and with the Asteraceae family. The mechanism by which ragweed constituents
affect different organs cannot be derived from the present study, the reason for these toxic effects

remains to be clarified.
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7. SUMMARY

The aim of this study was the phytochemical, pharmacological and toxicological evaluation of
diterpene alkaloid-containing species (Aconitum napellus subsp. firmum, S. chamaedryfolia S.
crenata, S. media, S. salicifolia, S. nipponica, S. x vanhouttei and S. x billardii) and the sesquiterpene
lactone-containing Ambrosia artemisiifolia.

Six diterpene alkaloids [neoline (AF1; 15), napelline (AF2; 32), isotalatizidine (AF3; 6),
karakoline (AF4; 19), senbusine A (AF5; 20), senbusine C (AF6; 21)] were isolated and further two
alkaloids [aconitine (AF7; 18) and taurenine (AF8; 22)] were detected from A. napellus subsp.
firmum, four of them (AF2-AF4, AF6) were reported for the first time. The screening of seven
Spiraea species resulted in the identification of alkaloids presence in Spiraea chamaedryfolia.

Diterpene alkaloids and lipo-alkaloids were examined for their activity on cardiac potassium
channels. Aconitine (18) exerted noteworthy activity on hERG and GIRK channels. Our results
suggest more complex cardiac action with a multiple ion channel effect for aconitine (18) than it
was earlier suspected. Investigation of activities of fourteen lipo-alkaloids on GIRK and hERG
afforded the recognition of structure-activity relationships. Lipo-alkaloids are significantly better
GIRK inhibitors than diterpene-alkaloids and free fatty acids. The higher unsaturation grade of acyl
groups resulted in higher activity on GIRK channels. Two compounds, namely
14-BzA-8-0-eicosa-827,11Z,14Z-trienoate (43) and 14-BzA-8-O-eicosa-117,14Z,17Z-trienoate (44)
had optimal selectivity, with the highest activity on GIRK (>75% at 10 uM concentration) and lowest
activity on hERG (<22%) channels.

Fractions of Spiraea chamaedryfolia with different polarity exerted noteworthy XO
inhibitory activity (>70%) and moderate antibacterial activity. The performed pharmacological
study was the first investigation on the biological activity of S. chamaedryfolia.

Toxicity of diterpene alkaloids and common ragweed-containing puree was examined. Ten
diterpene alkaloids were evaluated using bdelloid rotifer assays, four of which (senbusine A (20),
senbusine C (21), septentriodine (27) and hetisinone (29)) were examined for their toxicological
properties for the first time. The adventive and invasive Ambrosia artemisiifolia-containing puree
was analyzed in vivo in rats. The study ended without any visible clinical symptoms, however the
relative liver- and brain-weight was significantly reduced. The analysed blood parameters (AST, ALT
liver enzymes, triglyceride and carbamide level) were significantly changed. The reduction of liver
enzymes with reduced relative liver weight, reduction of relative brain weight, together with
elevated level of carbamide indicated a toxic effect. According to our results, the repeated use of
ragweed resulted in toxic effects in rats and these results query the safety of long-term human

consumption of the plant.
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In summary, the results of our experimental work clearly point out the necessity of
phytochemical and toxicological evaluation of medicinal plants. The well-known and thoroughly
investigated Aconitum species proved to be still a source of new pharmacons. The effects and side
effects of Aconitum have been recognised, due to extensive pharmacological studies, which
described the activity of aconite compounds on cardiac potassium channels. Hence, the traditional
medicinal applications are raising new safety concerns. Plants, newly involved in phytotherapy, are
lacking experiences from traditional applications, thus the consequences of long-term consumption
cannot be specified. Toxicological investigations are useful tools in clarification of safety issues.
Common ragweed-containing puree, as a novel food, showed to be toxic in rats, thus long-term

human use supposed to be not safe.
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APPENDIX I.

A) Chemical structures of aconite alkaloids

odih, ‘ocH,

29 hetisinone 30 songorine 31 songoramine 32 napelline 26 acovulparine
Compound Rt Rz R3 R?* R> R® R” R® R® RY R4 Compound
1  takaosamine OH H CH,OH B-OCH; OH OH H H H OH H 33  14-BzA-8-O-laurate
2 aconosine OCH; H H H H OH H H H OH H 34 14-BzA-8-O-myristate
3 dolaconine OCH; H H H H OH H H H OAc H 35 14-BzA-8-O-palmitate
4  delavaconitine OCH; H H H H OH H H OH OBz H 36 14-BzA-8-O-stearate
5  acotoxicine OCH; OH H H H OH H H H OH H 37 14-BzA-8-O-palmitoleate
6 isotalatizidine OH H CH,OCH; H H OH H H H OH H 38 14-BzA-8-O-oleate
7  10-hydroxy-8-O- OCH; H CH,0CH; H H OCH; H OH H OH H 39  14-BzA-8-O-y-linolenate
methyltalatizamine 40 14-BzA-8-O-eicosanoate
8  delcosine OH H CH,0CH; B-OCH; OH OH H H H OH H 41 14-BzA-8-O-eicosa-11Z-enoate
9  ajacine OCH; H CH,Ant o-OCH; OH OH H H H OCH; H 42  14-BzA-8-O-eicosa-117,14Z-dienoate
10 lycoctonine OCH; H CH,OH B-OCH; OH OH H H H OCH; H 43  14-BzA-8-O-eicosa-8Z,11Z,14Z-trienoate
11 swatinine OCH; H CH,OH B-OCH; OH OH H OH H OCH; H 44  14-BzA-8-O-eicosa-117,14Z,17Z-trienoate
12 gigactonine OH H CH,OH B-OCH; OH OH OH H H OCH; H 45 14-BzA-8-O-eicosa-57,87,117,14Z-tetraenoate
13 14-desacetyl-18- OH H @hIS a-OH OH OCH, H H H OH H 46  14-BzA-8-O-eicosa-57,87,1127,147,17Z-pentaenoate
demethylpubescenine ... ,OCHs
14  acotoxinine OH H CHOCH; aOCH; H Ow H H H OH H .'.'.‘F..OR )
15 neoline OH H CH,0CH; a-OCH; H OH H H H OH H H
16 neolinin.e OH H CH,OH a-OCH; H OH H H H OH H O 27 septentriodine
17 delec‘tl'nlne OCH; H CH,0H B-OCH; OH OH H H H OH H ¢ (R, = CH,, R, = CO(CH,),COOCH;)
18 aconitine OCH; OH CH,0CH; aOCH; H OAc H H OH OBz OH 28 finetiadine
19 karakoline OH H CH, H H OH H H H OH H (R, = H, R, = CO(CH,),COOCH,)
20 senbusine A OH H CH,OCH; a-OH H OH H H H OH H
21 senbusine C OH H CH,0CH; a-OCH; H OH H H H OH OH
22 taurenine OH H OCH, o-OCH, H OCH, H H H OH OH




.0 R
2 H Hog; H,CO l
""'.%E”Rﬂj O OH % N\fo
R

[T Y
R11 \lﬂ H .
-0 47 6-formyl-1,2,9,10-
HO H;CO tetramethoxy-6a,7-
024 vaginatunine A (R=CH;) '° V0%,

23 aconitami(?e\ 25 vaginatune B (R = CH,CH,) OCHj  dehydroaporphine 50 sinomontadine 72 ducloudine F

Compound name R! R? R® R* R® R® R” R® R° R R R R
48 kirinenine A a-OCH; H OAc B-OCH; OH OH H H H OCH; H B-OCH, CH,CH,
49 ranaconidine a-OCH; H OH B-OH H OH OH H OH OCH; H B-OCH, CH,CH,
51 sinomontadine N B-OH B-OH Cl H H OH OH H H OCH; H B-OCH, CH,CH,
52 vaginatunine C a-OH H H B-OCH; B-OH OCH, H H H OCH; H B-OCH; CH,CH,
53 weisaconitine A a-OCH; H H H H OCH,CH; H H H OAc H B-OCH; CH,CH,
54 weisaconitine B a-OCH; H H H H OH H OH H OH H B-OCH; CH,CH,
55 weisaconitine C a-OCH; H H H H OH H H H = H B-OCH; CH,CH,
56 weisaconitine D a-OCH; H H H H OCH,CH; H H H OH H B-OCH; CH,CH,
57 14-acetoxy-8-O-methylsachaconitine a-OCH; H CH, H H OCH, H H H OAc H B-OCH, CH,CH,
58 14-acetoxyscaconine a-OCH; H CH,OH H H OH H H H OAc H B-OCH; CH,CH,
59 14-anisoylliljestrandisine a-OCH; H CH,0CH; H H OH H H H OBzM H B-OH  CH,CH,
60 14-benzoylliljestrandisine a-OCH; H CH,0CH; H H OH H H H OBz H B-OH  CH,CH,
61 14a-benzoyloxy-8B-butoxy-3a,13B,15a-trihydroxy-1a,6a,16p3,18- a-OCH; OH  CH,0CH; o-OCH; H OC4H1I0 H H OH OBz a-OH B-OCH; CH,

tetramethoxy-N-methylaconitane
63  14a-benzoyloxy-8B-butoxy-N-ethyl-3a,13B,15a-trihydroxy-1a,6a,16(3,18- a-OCH; OH  CH,0CH; o-OCH; H OC4H1I0 H H OH OBz  a-OH B-OCH; CH,CH,

tetramethoxyaconitane
65 8-O-ethylcammaconine a-OCH; H CH,0H H H OCH,CH; H H H OH H B-OCH; CH,CH,
66 8B,14a-dibenzoyloxy-N-ethyl-13B,15a-dihydroxy-1a,6a,16(,18-

tetramethoxyaconitane
67 carmichaenine A a-OH H CH,0CH; o-OCH; H OBz H H H OH H B-OCH, CH,CH,
68 carmichaenine B a-OH H CH,OH a-OCH; H OH H OH H OH H B-OCH; CH,CH,
69 carmichaenine C a-OH H CH,0CH; o-OCH; H OH H H H OBz H B-OCH, CH,CH,
70 carmichaenine D o-OH H CH,OH a-OCH; H OH H H H OBz H B-OCH; CH,CH,
71 carmichaenine E a-OH H CH,0CH; o-OCH; H OH H OH H OH H B-OCH; CH,CH,
74 ducloudine D a-OH OH CH,0CH, a-OCH, H OH H H H OH H B-OCH, CH,CH,
75 ducloudine E a-OH OH CH,0CH; o-OCH; H OH H H H OAc H B-OCH; CH,CH,
76 nagaconitine A a-OCH; OH CH,0CH; a-OCH; H OCO(CH,); H H OH OBz o-OH B-OCH; CH,CH,

OH

77 nagaconitine B a-OCH; OH CH,0CH; o-OCH; H OH H H H OMA = B-OCH; CH,CH,
78  nagaconitine C a-OH H CH,O0CH; o-OCH; H OAc H H H OAc  B-OH B-OCH, CH,CH,
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73 ducloudine C 82 swatinine-A 84 szechenyianine A °8s5 szechenyianine B

Compound R R? R3 R* R® R® R” R® R® RY R R R3
80 sinchiangensine A a-OCH; OH CH,0CH; a-OCH; H OFA1 H OH OH OBz a-OH B-OCH; CH,CH,
81 stapfianine A a-OH H CH,0CH; H H OH H H H OSst H B-OCH; CH,CH,
83 swatinine-B a-OCH; H CH,ABz B-OCH; [B-OH OH H H H OCH; H B-OCH; CH,CH4
87 taipeinine A a-OCH; H CH,0CH; o-OCH; H OH H H H OH H a-OCH; CH,CH,
88 taipeinine B a-OCH; H CH,0CH; o-OCH; H OH H H H OH H B-OCH; CH,CH,
89 taipeinine C a-OH H CH,0CH; o-OCH; H OH H H H OH H a-OCH; CH,CH,
93 vilmorine D a-OCH; H H H H OH H H H Ovr H B-OCH; CH,CH,
96 vilmotenitine C =0 H CH, H H OH H H H OH H B-OCH; CH,CH,
113 mesaconitine a-OCH; o-OH CH,0CH; a-OCH; H OAc H H OH OBz a-OH B-OCH; CH,
114 hypaconitine a-OCH; H CH,0CH; o-OCH; H OAc H H OH OBz a-OH B-OCH; CH,
115 14-benzoyltalatisamine a-OCH; H CH,0CH; H H OH H H H OBz H B-OCH; CH,CH4
116 lappaconitine a-OCH; H Ant H H OH OH H H OCH; H B-OCH; CH,CH,
117 cammaconine a-OCH; H CH,OH H H OH H H H OH H B-OCH; CH,CH,
118 columbianine a-OH H CH,OH H H OH H H H OH H B-OCH; CH,CH,
119 1-O-demethylswatinine a-OH H CH,OH B-OCH, B-OH OH H OH H OCH, H B-OCH, CH,CH.
Ac: Ant: Bz: ABz: | BzM: | vr: o St

T e S0

58S

"<

FAL: OCO-(CH,),-CH=CH-CH,-CH=CH-(CH,),-CH,

OCH3 OH CH3 OCH3 Sy, OCH3
gy oy O
(| QBz 3CO H OBz 3CO H o lnnQBz
: N /é H \I RN
N “OH 0= N - "OH " OH
OAc OAc
" och .
HsCO H;CO S 90 vilmorine A (R = CH,)

86 szechenyianine C 94 vilmotenitine A (R = H)
95 vilmotenitine B (R = OCH,)

OCH,

R
91 vilmorine B (R=H)
92 vilmorine C (R = OCH,)

62 140-benzoyloxy-8B-butoxy-N-ethyl-138,15a-
dihydroxy-1a,6a,16B-18-tetramethoxyaconitane
formate (R, = C,H;,, R, = OH)

64 140-benzoyloxy-N-ethyl-15a-hydroxy-
1a,60,8B,16B,18-pentamethoxyaconitane formate
(R, = CH;, R, = OH)
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79 nagaconitine D 97 1,11-diacetoxy-2,13-dibenzoyloxy-7-hydroxy-15- 98 aconicarmicharcutinium A 99 bullatine H
isobutanoyloxy-N-methyl-N,19-secohetisan-19-al hydroxide

104 pubesine 105 sinomontanidine A (R = Ac) 107 trichocarpisine A
106 sinomontanidine B (R = H)

101 carmichaeline A 102 Guan-Fu base J

OH
108 trichocarpisine B (R=CH;) 110 vilmorrianine £ 111 vilmorrianine F(R=0H) 129 Guan-Fu base A 121 Guan-Fu base G
109 trichocarpisine C (R = H) 112 vilmorrianine G (R = H) (acehytisine)
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B) Cy diterpene alkaloids reported from Spiraea species

R, R, R,
spiramine Z-2 (122) (R = o-H) o R, R, R spiramine G (128) o-OH H =
spiramine 2-3 (123) (R = p-H)  deacetylspiramine S (124) H @CH  o-OH spiramine H (129) H a-OH =0

spiramide (125) B-OAc a-OAc H spiramine | (130) H a-OAC =
spiramine S (126) H a-0H  f-Ac spiratine A(131) =0  «OH oOH H
spiramine V (127) H 0-OH,Ac  a-OH
Rs R, R, R,
spiradine F (132) B-OAc H H
spiradine G (133) B-OH H H
spiramine A (134) H a-OAc B-H Ry R,
spiramine B (135) H a-OAc a-H deacetylspiramine F (143) H OH H OH
spiramine C (136) H a-OH B-H spiraeaine A (144) B-OH H H OH
spiramine D (137) H a-OH  o-H R, R, R, R, spiramilactam A (145) B-OH H =0 OH
spiramine P (138) B- OH a-Me B-OH a-H spiramilactam B (146) a-OH H =0 OH
spiramine Q (139) B- OH B- Me a-OH a-H Spiramine E (147) H a-0Ac H  OAc
spiramine T (140) B- Ac B- Me @-OH  o-H Spiramine F (148) H oa-OAc H  OH
spiramine U (141) B- OAc a- Me B-OH a-H spiramine R (149) H a-OAc = OH
spiramine W (142) B-OH  a-Me  B-OH  P-H spiramine X (150) B-OAc H =0 OAc
spiramine Y (151) B-OAc H =0 OH

spiradine D (153) H H

spirasine |1 (154) B-OH

spirasine |1 (155)  B-OH =0 o

spiredine (156) H =0 SPirasineV(158)
spirasine VI (159)
spirasine VII (160)

spirasine | (157) spirasine VIII {161)

spirafine Il (163)

R, Ry R, R, Rs spiraqine (193) (R=H)
19-0-deethylspiramine N (164) a-OH  a-OH B-OH  spiradine A(173) B-OH = H 6-hydroxyspiraquine (194) (R=0OH)
spiramine J (165) a-OH  a-OH a-CH,-Ac  spiradine B (174)  B-OH OH H o |
spiramine K (166) o-OH o-OH B-CH,-Ac  spiradine C (175) B-OH OAc H
spiramine L (167) a-OH o-OAc  a-CH,-Ac spirasine IV (176) H = H

spiramine M (168) a-0Ac  o-OH B-CH,-Ac spirasine 1X (177) H H =0 Skt T
spiramine N (169) a-OH  a-OH B-OEt  Sirasine X (178) H = a-OH spirein (195)
spiramine O (170) H @-OH  a-OH B-OMe spirasine XI (179) H H a-OH

spiramine Z (171) B-OAc  a-OAc H OFt Spirasine XIl(180) B-OH =0 «-OH

spiratine B (172) B-OAc  a-OAc H OH spirasine X1l (190) B-OH =0  B-OH

spirasine XIV (191) B-OH H a-OH
spirasine XV (192) B-OH H B-OH
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C) Sesquterpene lactones reported from Ambrosia artemisiifolia

AcO

AcO

cumanin diacetate (198) peruvin (199) coronopilin (200)

H,,

K AcO”
OH O
dihydrocoronopilin (201)  tetrahydrocoronopilin (202) damsin (203) 3a-acetoxydamsin (204)  11aH,13-dihydrodamsin (205)

o] (e} o) o] o
3a-hydroxy- 3a-acetoxy-
11aH,13-dihydrodamsin (206) 11aH,13-dihydrodamsin (207)  ambrosin (208) artesovin (209) 3,4-seco-ambrosanolide {210)

8-angeloyloxy- paulitin (212) isopaulitin (213) psilostachyin A (214) psilostachyin B (215)
10-acetoxyguai-3-en-6,12-olide (211)

HO SH OH

artemisiifolinic acid (218) isoartemisiifolinic acid (219) isabelin (220)

]

o}
nd

0]
isoalantolactone (221) dihydroisoalantolactone (222) ~ 11B,13-dihydroparthenolide (223)  5-oxo-8a-hydroxy-1-epiartemorin (224)
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