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Abstract: In this study, based on ethnobotanical data recorded in Transylvania, the polyphenolic
compounds and the permeability of the aerial part’s extract of Tanacetum balsamita were investigated.
Ultrahigh-performance liquid chromatography-tandem mass spectrometry was applied for the analy-
sis of the extracts. Parallel artificial membrane permeability assay (PAMPA) for the gastrointestinal
tract and the blood-brain barrier was conducted. In the ethanolic and aqueous extracts of the species
traditionally used for wound, furuncle, and liver disorders, 92 polyphenols were characterized (e.g.,
flavonoid, hydroxycinnamic acid, catechin, dihydroxybenzoyl, lignan derivatives, and a monoter-
pene) including 54 compounds identified for the first time in the plant. In the PAMPA tests, eight
components were shown to be capable of passive diffusion across the studied membranes. These
include apigenin and seven methoxylated flavonoid derivatives. Based on these results, methoxy-
lated flavonoids might promote the pharmacological potential of T. balsamita to be applied in the
enhancement of novel remedies.

Keywords: Tanacetum balsamita; costmary; ethnobotany; UHPLC-MS/MS; PAMPA-BBB; PAMPA-
GI; methoxyflavone

1. Introduction

Medicinal plants have been investigated for their traditional role since the ancient times
worldwide. Traditional data inherited from generation to generation can be collected for
their pivotal role for ethnobotanical and ethnomedicinal sciences, which, after comparison
with those obtained from relevant sources, can provide new or underrepresented species,
used parts, or indications for further analyses [1-3].

Our ethnobotanical field surveys started in 2007 in the Uz Valley in Transylvania, a
part of Romania, and continued in many regions of the country. Summarizing the earlier
published ethnomedicinal data from 2007 to 2019 [4-8], Tunacetum balsamita L. (costmary,
Asteraceae) (Figure 1) was selected in our present work for further analyses.
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Figure 1. Tanacetum balsamita (author: Nora Papp).

Tanacetum genus involving species mentioned in the European, Asian, and African
ethnobotany comprises various metabolites, such as terpenes, polyphenols, and polysaccha-
rides [9-12]. The genus has a long history of use in traditional medicine, especially among
Greek and early European herbalists. Based on Etymologia botanica, it comes from the
Greek tanaos (persistent) and athanasia (immortality). It did not appear in Central Europe
until the late 8th or early 9th century; in Capitulare de villis vel curtis imperii or Repertorium
Fontium, it is known as tanazita in Medieval Latin [13], referring to the white flowers which
retain their color and shape. The first-century Greek physician Dioscorides prescribed it as
Pyrethrum tanacetum and P. balsamita, as well as dorycnion, pyrinon, pyrothron, and arnopurites;
the Magi call it purites and the Romans salivaris. In this work, the root has been used
against phlegm, for toothache boiled with vinegar as a mouthwash, for long-lasting chills,
and paralysis [14]. In Matthioli’s works, the plant is described as Tanacetum Athanana [15],
applied in wine, beer, vinegar, milk or honey against worms, kidney stones, as an analgesic
and diaphoretic drug, for pain and swelling of the legs, and for women against enchanted
infatuation as a belief [16].

In Hungarian historical works, the species has been found originally in monaster-
ies and farms [17] and announced as Mary’s symbol in codices of the Middle Ages [18].
Before the 16th century, it was described as Bodog anya me[n]taya [19], while thereafter
as Boldogasszony mentdja [20], levele, fiive, tejes lapu, lapos menta, széles menta, biblialevél,
bazsamint banyaffi, bonyovirdg, vénasszonyvirdg, vénasszonybiizlentyti, balzsammenta, and
balzsamos aranyvirdg [21-25]; among them, menta occurs most frequently in these works.

In the early Hungarian ethnomedicinal works, the species was known as gyonyoriiséges
illatii (delicious scented) and hdzi menta (home mint) [26] and mentioned for impotency
(pressed sap), inflammation (leaf), and wound (root) [27]. In gardens in the Renaissance
era [28,29], it has been used for stomach disorders, fever, as an ingredient of “good spicy
water” [30,31], a leaf in salads [28], for sunspots, for the pursuit of snakes [32-35], and as a
component of “impairing fat” in documents of a witch-hunt from 1728 [36]. In the 19-20th
century, it was mostly documented also for wound, against fleas and worms [37-45], as an
antidote of opium, for spasm, respiratory, menstrual and stomach complaints, migraine,
and epilepsy, and as an ornamental plant grown in gardens and cemeteries [46]. Under the
local name Boldogasszony tenyere, the leaf is used for liver diseases [47,48], for helminthiasis
as a tea [48], for wounds [49] and abscess as a foment [48].

In Persian ethnomedicine, it has been used for its carminative, cardiotonic, hep-
atoprotective, antiallergic, sedative, flavoring, and tonic effects, against migraine and
dysmenorrhea [50-56], for diabetes [57], abscess, wound, diabetes mellitus, rheumatism
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and as an antipyretic agent in Turkey [12,58], for cholecystitis, dyspepsia, inflammation,
and insomnia in Italy [59-62], as well as for heart and skin problems in the Hutsuls of
Bucovina [63]. It is known as a spicy flavor for cosmetics, for herbal tea and various dishes
in Serbia and Italy [59,60,64], and as a fumigant agent [65].

The aerial part of T. balsamita var. tanacetoides has been described in the British Phar-
macopoeia (1788) for its laxative, diuretic, astringent, antiseptic, and anthelmintic effect [66].
Hoppe recommends Flores Tanaceti as a vermifuge and antipyretic drug in veterinary medicine,
for rheumatics, for disorders of the nervous system, and as an abortive remedy [67].

The name Tanacetum balsamita L. was first published by Linnaeus in Species Plantarum
in 1753 [68]. Jozsef Csap0 lists Tanacetum officinarum foliis bipinnatis as the Hungarian drug
name, Tanaife and Tannée as French, Tanaceto Athanasia as Italian, as well as Rheinfarn and
Wurmkraut as German plant names [69]. The species is known actually under several
synonyms, such as Chrysanthemum balsamita Baill., Ch. tanacetifolium (Desr.) Dum. Cours.,
Ch. majus Asch., Balsamita major Desf., B. suaveolens Pers.; B. vulgaris Willd., B. balsamita
Rydb., Matricaria balsamita Desr., Pyrethrum balsamita Willd., P. tanacetum DC., P. majus
(Dest.) Tzvelev, Chamaemelum balsamita E. H. L. Krause (costmary, Asteraceae) [70]. It is
native to Western Asia and widely cultivated for ornamentation and locally naturalized in
Europe [71-73]. Subspecies, varieties, and forma reported in the literature, e.g., T. balsamita
L. ssp. balsamitoides (Schultz Bip.) Grierson [50,74], T. balsamita var. tanacetoides Boiss. (syn.
Ch. balsamita var. tanacetoides Boiss., Balsamita major var. tanacetoides (Boiss.) Moldenke,
Pyrethrum balsamita var. tanacetoides Boiss.), T. balsamita var. balsamita [70] as a perennial
species native to Western Asia [66,75], Ch. balsamita {. tanacetoides (Boiss.) B. Boivin, and
Balsamita major var. major, B. major ssp. major [70].

The aerial part of T. balsamita contains essential oil components, e.g., mono- and
sesquiterpenes [52,74-86]. Based on these components, carvone, camphor, camphor/thujone
and carvone/ x-thujone chemotypes have been described [79,87]. The herb contains, fur-
thermore, diterpenes [88], flavonols [52,83,89-96], flavones, e.g., diosmetin and acacetin
derivatives, as well as phenolic acids [90-92,94,96,97], coumarins, and steroids [86].

The antioxidant activity of costmary was studied by the 2,2-azinobis(3-
ethylbenzothiazoline-6-sulfonic acid (ABTS), cupric reducing antioxidant capacity (CUPRAC),
2,2-diphenyl-1-picrylhydrazyl (DPPH), and ferric reducing antioxidant power (FRAP) as-
says [86,90,94,98,99]. The antimicrobial activity was tested in the case of the aerial part and
the extracted essential oil by different methods [77,81,85,86,92,99-101]. The plant was studied
for cytotoxic activity on human embryonal skin fibroblast cells using the MTT cytotoxicity
assay [81], on Monkey kidney cell lines [101], and on THP-1 monocyte leukemic cells [94].
Studies reported its insecticidal [102], analgesic [83], and anti-inflammatory effect [83,103,104],
as well as the inhibitory potential for smooth muscle contraction of ruminants [93], and for
tyrosinase and o-amylase activity [94], whilst an increasing effect for the activity of intestinal
enzymes in common carp [105].

The aim of this study was to sum ethnobotanical data on T. balsamita collected in
selected regions in Transylvania, Romania. For the identification of polyphenols, the
traditionally used aerial part of the plant was studied by ultrahigh-performance lig-
uid chromatography-diode-array detection-electrospray ionization mass spectrometry
(UHPLC-DAD-ESI-MS), and the effective permeability of the components in the plant
extracts by the parallel artificial membrane permeability assay for the gastrointestinal tract
(PAMPA-GI) and the blood-brain barrier (PAMPA-BBB).

2. Results
2.1. Ethnobotanical Data in Selected Areas in Transylvania

The plant is described as vénasszonvirdg and vénasszonyvirdg (= old women’s flower)
along the Nagy-Homordd, while bédogasszonlapi and boldogasszonylapi (= glad /blessed
women’s leaf) in Ghimes and Uz Valley. The origin of the name vénasszonyvirig was
defined: “...ami elég szivos, s nincs sok baj vele, s hosszan viragzik”. (= ...which is
hard /wiry, it does not cause problems, beeing in flower for a long time). People mentioned
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its use as an ornamental plant was known for a long time in the studied regions: “Minden
haznal vét ezelétt ilyen virdg”. (= This plant has been found in all homegardens long ago).
In addition, the aerial part was mentioned for wound and liver diseases in the Ghimes
region and for furuncle in the Uz Valley as a decoction. Along the Nagy-Homoréd, old
women put the fragrant leaves of the plant into the Bible or prayer books during the mass
as a refreshing material.

2.2. Qualitative Analysis of Phenolic Compounds with UHPLC-DAD-ESI-MS/MS

Ultrahigh-performance liquid chromatography coupled to diode-array detection and
electrospray ionization tandem mass spectrometry (UHPLC-DAD-ESI-MS/MS) in negative
ionization mode was used to characterize the phenolic profile of the T. balsamita ethanolic
and aqueous extracts. UHPLC-DAD chromatograms of the 50% (v/v) ethanol and aqueous
extracts (recorded at 330 nm) are presented in Figures 2A and 2B, respectively. A total
of 92 compounds were characterized by comparing their retention times, UV spectra,
deprotonated molecular ions, and fragment ions generated in their collision-induced
dissociation with the literature data; results are shown in Table 1.

A T. balsamita 50% ethanolic extract
UV 330 nm
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Figure 2. UHPLC-DAD chromatograms of the T. balsamita herb extracts (recorded at 330 nm);
(A): 50% (v/v) ethanol extract; (B): aqueous extract. Compound numbers refer to Table 1.
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Table 1. LC-MS/MS data and tentative characterization of compounds from the herb of Tanacetum

balsamita.
¢ _ Fragment [ons Presence of Compounds
No. (miﬁ) a [M77H gl(“m /2) Tentative Characterization Reference
) TbED Tbw b

1 0.75 133 115,89,73,71 malic acid 9 + + [106,107]

2 0.96 341 377 [M+Cl]—, 179, 135 caffeoyl-O-hexoside + + [108]

3 0.96 315 153,152, 109, 108 dihydroxybenzoyl-O-hexoside + + [94,109]

4 1.00 353 191,179,135 3-O-caffeoylquinic acid + + [94,110,111]

5 1.02 417 405, 285, 223, 152 dihydroxybenzoyl-di-O-pentoside 9 + + [112,113]

6 115 357 195 caffeoyl-O-pentahydroxyhexanoic acid - + [94]

7 1.23 305 225,167,147, 135 epigallocatechin/gallocatechin isomer 9 + + [114]

8 1.25 563 387,327,297, 223,207, 205 dihydrosinapoyl-O-hexuronosyl-hexoside 9 + + [113]

9 1.29 353 707 [2M—H]~, 191 trans-5-O-caffeoylquinic acid + + [94,110,111]
10 1.30 307 227,189,167, 148 catechin/epicatechin hydrated 4 + - [114,115]
11 1.35 353 191,179,173 4-O-caffeoylquinic acid - + [94,110,111]
12 141 325 651 [2M—H] ", 163, 119 p-coumaroyl-O-hexoside isomer - + [108]

13 155 593 1187 [2M—H]3;3,' 503, 473, 383, apigenin-6,8-di-C-hexoside N n [94,11 :3]1 16,
14 170 353 191 cis-5-O-caffeoylquinic acid - + [94,110,111]
15 174 637 351,285 luteolin-di-O-hexuronoside + + [118]
16 1.78 387 775 [2M~H] ~, 207, 163, 119 dihydrosinapoyl-O-hexoside 4 + + [113,119]
17 1.86 339 179,161,135 caffeoyl-O-dimethyl-dihydroxybutanedioic acid & + + [113]
517,373, 341, 323, 281, 251, 209, . . .
18 1.97 535 193,179, 161, 149, 135 hydroxypinoresinol-O-hexoside 4 + + [113]
19 201 389 345,227,209, 183, 165 oleoside 9 /secologanside 4 + + [120,121]
20 223 371 249,121 unknown + + -
21 2.28 563 503, 473, 443, 413, 383, 353 apigenin-8-C-hexosyl-6-C-pentoside d + + [117,122,123]
22 2.30 367 191 5-O-feruloylquinic acid + + [108,111]
2 234 623 1247 2M ’?2]7 5 86505/ 561,447, luteolin-O-hexuronosyl-hexoside + + [94,113]
24 2.58 325 163,119 p-coumaroyl-O-hexoside isomer + + [108,124]
25 2.60 343 167,113 vanillyl-O-hexuronoside - + [125,126]
26 2.63 367 193,179, 134 3-O-feruloyl-quinic acid + + [111,127]
27 272 429 475 [M+HCOOI™, 411,257, unknown + + -
619, 513, 351, 285, 193, 179, 161, . .
28 2.84 799 135 luteolin-O-hexuronosyl-caffeoylhexuronoside 4 - + [128]
29 290 393 378,355, 319, 295, 283 unknown + + -
414 [M-2H]2—, 649, 513, 351, od
. 2. = sone-O-] - - 113,129,
30 3.05 829 315, 300,179, 161, 135 tetrahydroxy-methoxyflavone-O-hexuronosyl-caffeoylhexuronoside + [ 1
31 3.15 651 299 trihydroxy-methoxyflavone-O-hexuronosyl-hexuronoside & + + [130]
32 3.20 681 329 trihydroxy-dimethoxyflavone-O-hexuronosyl-hexuronoside d + + [130]
33 3.54 431 341,311, 283, 269 apigenin-8-C-hexoside + + [110,131,132]
34 3.70 677 515, 353, 341, 323, 191, 179, 161 3,5-O-dicaffeoylquinic acid-O-hexoside - + [94,111,133]
35 385 609 300,301, 271, 255 rutin © . + e
36 3.90 607 269 apigenin-O-hexuronosyl-hexoside 4 + + [136,137]
37 4.07 461 923 [2M—H]~, 405, 285 luteolin-O-hexuronoside + + [94,135,138]
12,94,138,
38 417 593 417,285 luteolin-O-hexuronosyl-pentoside & - + [ 139]
39 4.23 491 983 [2M—H] ", 315, 287 tetrahydroxy-methoxyflavone-O-hexuronoside + + [94,135]
40 4.30 637 1275 [2M—H] ~, 299, 284 trihydroxy-methoxyflavone-O-hexuronosyl-hexoside d + + [137]
a1 431 667 1335 MH] 491,329,314, trihydroxy-dimethoxyflavone-O-hexuronosyl-hexoside + + [130,137]
2,
2 439 463 301, 300 quercetin-3-O-hexoside - + i *1149']‘ 34
43 446 785 623,461, 285,179, 161 luteolin-O-hexuronosyl-caffeoylhexoside 4 - + [94,113,135]
4 457 665 285 luteolin-O-hexuronosyl-acetylhexoside + + [113]
45 4.82 477 315,300 tetrahydroxy-methoxyflavone-O-hexoside - + [94,135]
46 4.94 813 329,314,299, 163, 145 trihydroxy-dimethoxyflavone-O-hexuronosyl-coumaroylhexoside 4 - + [113,130]
47 5.14 445 313 dihydroxy-dimethoxyflavone-O-pentoside & + + [140]
48 5.28 843 323/5:,’[?2;291;?;;] 17’9??16/1?51?5 trihydroxy-dimethoxyflavone-O-feruloyl-caffeoylhexuronoside & + + [113,130]
o T . (94,109,133,
49 548 515 353, 335, 191, 179, 173, 161, 135 3,4-O-dicaffeoylquinic acid + 135.141,142]
. s [94,109,133,

50 5.95 515 353,191,179, 135 3,5-O-dicaffeoylquinic acid - + 135,141,142]
51 6.45 515 353, 335,191, 179, 135 1,3-O-dicaffeoylquinic acid d - + [109,133,141]
52 6.48 445 269 apigenin-O-hexuronoside + + [94]

53 6.55 799 315, 300, 163, 145 tetrahydroxy-methoxyflavone-O-hexuronosyl-coumaroylhexoside - + [113,137]
54 6.60 829 329,314, 299,179, 161, 135 trihydroxy-dimethoxyflavone-O-hexuronosyl-caffeoylhexoside 4 - + [113,137]
55 6.80 471 429, 411, 399, 267, 152 unknown + - [113]

56 6.85 507 345, 330, 315, 287 tetrahydroxy-dimethoxyflavone-O-hexoside 4 - + [140]

57 7.01 769 635, 623, 593, 327, 285, 163, 145 luteolin-O-hexuronosyl-coumaroylhexoside 4 + + [113]

58 7.25 505 329, 314, 299, 271 trihydroxy-dimethoxyflavone-O-hexuronoside + + [94,130,135]
59 743 503 445,285,175 luteolin-O-acetylhexuronoside + - [143]

60 7.50 507 329, 314, 299, 285, 271 tetrahydroxy-dimethoxyflavone-O-hexoside 4 - + [140]
61 7.51 503 285,175 luteolin-O-acetylhexuronoside - + [143]
62 7.65 561 369, 351, 191 caffeoylquinic acid derivative + - [109]
. . . [94,109,133,
63 7.86 515 353, 317,191,179, 173,135 4,5-O-dicaffeoylquinic acid - + 135,141,142]
64 8.05 679 379,299, 284 trihydroxy-methoxyflavone-O-hexuronosyl-acetylhexoside 4 + + [140]
7,227,193, 191,179, 173, 161 r
65 8.25 501 867,227,138, 134 3,161, 3-O-feruloylquinic acid derivative 4 - + [111,127]
66 8.73 521 399, 152 trihydroxydihydrochalcone-di-C-pentoside 9 + + [113]
67 8.88 417 285 luteolin-O-pentoside - + [143]
68 8.94 501 537 [M+Cl]~, 399, 351, 152, 137 trihydroxydihydrochalcone-C-glycoside derivative + + [113]
94,109,135,
69 9.24 445 491 [M+HCOO] ~, 313 dihydroxy-dimethoxyflavone-O-pentoside d + + o 140]
70 9.69 813 667,329, 314, 299, 285, 163, 145 trihydroxy-dimethoxyflavone-O-hexuronosyl-coumaroylhexoside 9 + + [140]
71 9.70 461 323,299,179, 161, 137 salicylic acid caffeoyl-O-hexoside - + [135]
383, 353, 323, 285, 179, 163, 161, . 5
72 1018 487 coumaroyl-caffeoyl-O-hexoside 9 + + [135]

145,119
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Table 1. Cont.
£ M—H]~ Fragment lons Presence of Compounds
No. R - Tentative Characterizati Ref
0. (mm) a (m/z) ("l/Z) entative aracterization THE b ToW b eference
N . _O-he: N d . N

73 1034 549 387,207,179, 161 é’ncdmresmol O-hexoside ¢ /eucommin 13 . . [109,1 1_3,14-1/

/dihydrosinapoyl-caffeoyl-O-hexoside 145]
74 10.48 753 607,269, 163, 145 apigenin-O-hexuronosyl-coumaroylhexoside 4 + + [113]
75 10.58 783 637,299, 284,163, 145 trihydroxy-methoxyflavone-O-hexuronosyl coumaroyhexoside 4 + + [113]
76 10.94 913 3297352%22(%”1\17;] R ég/lllg N luteolin-O-coumaroylglycoside derivative + + [143]
77 1114 547 583 [M+C;]14,' 25;)97 487,329, trihydroxy-dimethoxyflavone derivative 4 + + [94,135,140]
78 11.73 445 481 [M+Cl]~, 313 dihydroxy-dimethoxyflavone-O-pentoside 4 + + [94,135,140]
79 12.46 419 153, 152,121, 109, 108 dihydroxybenzoyl-benzoyl-O-hexoside 9 + + [143]

7,337,299, 284, 269, 205, 163, . . .
80 1276 783 367,357, 295, 284, 269, 205, 16 trihydroxy-methoxyflavone-O-coumaroyl-sinapoylhexoside & + + [143]
[12,94,109,135,
81 12.83 285 257 luteolin © + + 138-
140,146,147]

82 13.01 315 dihydroxy-methoxyflavone + + [94,140]
83 13.12 345 330, 315, 300, 287, 271 tetrahydroxy-dimethoxyflavone + + [94,140]
84 13.36 677 515,353,191, 179,173 3,4,5-tri-O-caffeoylquinic acid + + [93;11‘4{33'
85 13.62 345 330, 315, 300, 287, 271 tetrahydroxy-dimethoxyflavone - + [94,140]
86 13.74 269 227 apigenin © + + [94,140]
87 13.98 299 - trihydroxy-methoxyflavone + + [94,140]
88 14.04 359 344, 329, 327, 314, 299, 284 trihydroxy-trimethoxyflavone + + [94,140]
89 14.07 329 314, 299, 284, 271 trihydroxy-dimethoxyflavone + + [94,140]
90 14.34 359 344, 329, 314, 299, 285, 271 trihydroxy-trimethoxyflavone 4 + + [94,140]
91 14.42 359 344, 329, 314, 301, 286 trihydroxy-trimethoxyflavone + + [94,140]
92 14.87 343 328, 313,298 dihydroxy-trimethoxyflavone + + [94,140]

2 Compound numbers and retention times (tg) refer to UV chromatograms shown in Figure 2A,B; ® Abbreviations:
TbE: T. balsamita 50% (v/v) ethanolic extract; ToW: T. balsamita aqueous extract; +: present in the extract; -: not
present in the extract; * Compared to a reference standard; 9 Reported for the first time in T. balsamita.

The extractable matter content was higher in the hydroethanolic extract (as shown
by the remarkably higher peak intensities) and its composition was also greatly different.
Caffeoylquinic acids (compounds 9 and 11) and dicaffeoylquinic acids (49, 50, 68) were
the predominant constituents, while flavonoid methyl ethers (85, 89, 92) also prevailed. In
the aqueous extract, the more polar caffeoyl-O-hexoside (2), dihydroxybenzoyl-O-hexoside
(3), apigenin-6,8-di-C-hexoside (13) as well as an apigenin- and some methoxyflavone-O-
diglycosides with hexuronic acid moieties (36 and 32, 40, 41) were abundant. Methoxyflavone-
O-acylglycosides (70, 75, 81) and flavonoid methyl ethers (87, 88) were representative apolar
constituents in the aqueous extract.

2.2.1. Flavonoid Derivatives

In accordance with a recent study [94], mainly flavone-O- and C-glycosides were
detected in T. balsamita extracts, besides flavonol and chalcone derivatives. During the
collision-induced dissociation of flavonoid-O-glycosides, fragment ions corresponding to
the deprotonated apigenin, luteolin, and quercetin aglycones generated by the loss of the
sugar units were observed at m/z 269, 285, and 301, respectively. Neutral losses deriving
from the cleavage of a pentose (132 Da), a hexose (162 Da), a hexuronic acid 176 Da), an
acetylhexose (204 Da), or an acetylhexuronose (218 Da) moiety were also characteristic [143].
In case of 3-O-glycosylated quercetin derivatives, the homolytic cleavage of the saccharide
moiety resulted in the formation of the [Yo—H]™* radical product ion at m/z 300 [134]. Based
on these, compounds 35, 42, 36, and 52 detected at m/z 609, 463, 607, and 445 were tentatively
identified as rutin (quercetin-3-O-rhamnosyl-glucoside), quercetin-3-O-hexoside, apigenin-
O-hexuronosyl-hexoside, and apigenin-O-hexuronoside. Similarly, 37 (m/z 461), 67 (m/z
417), 59, and 61 (both m/z 503) were characterized as luteolin-O-hexuronoside, luteolin-O-
pentoside, and luteolin-O-acetylhexuronoside isomers, respectively [12,94,135,139].

Compounds 15, 23, 38 with pseudomolecular ions at m/z 637, 623, and 593 presented
the aglycone anion at m/z 285 and further fragment ions at m/z 461, 447, and 417, respec-
tively. Accordingly, the following neutral losses were observed: 176 + 176, 176 + 162, and
176 + 132; thus, 15, 23, and 38 were assigned as luteolin-di-O-hexuronoside, luteolin-O-
hexuronosyl-hexoside, and luteolin-O-hexuronosyl-pentoside, respectively. Analogously,
44 was characterized as luteolin-O-hexuronosyl-acetylhexoside [12,94,118,128,138,139].

Neutral losses of 162, 146, and 176 Da can also point to the cleavage of caffeoyl,
coumaroyl, or feruloyl moieties, respectively. However, these hydroxycinnamic acids
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esterifying flavonoid-glycosides also exhibit characteristic fragment ions contributing to
their identification. Fragment ions corresponding to the deprotonated hydroxycinnamic
acids were detected at m/z 179, 163, and 193 for caffeic acid, coumaric acid, and ferulic
acid, respectively. Ions deriving from the additional cleavage of a H;O molecule were
also present at m/z 161 for caffeic acid, m/z 145 for coumaric acid, and m/z 205 for sinapic
acid. The cleavage of the acylated saccharide moiety, i.e., coumaroylhexose, caffeoylhexose,
caffeoylhexuronose, and sinapoylhexose resulted in neutral losses of 308, 324, 338, and
368 Da, respectively [143]. Compounds 57, 76, and 74 presented a fragment ion at m/z
145 arising from the neutral loss of 146 Da; thus, these compounds were assumed to be
coumaroylhexoside derivatives of luteolin and apigenin. Compounds 28 and 43 showing
a neutral loss of 162 Da and a caffeoyl (caffeic acid—H,O) fragment ion at m/z 161 were
presumed as luteolin-O-hexuronosyl-caffeoylhexuronoside and luteolin-O-hexuronosyl-
caffeoylhexoside, respectively [113].

Methoxyflavonoids (82, 83, 85, 87-92), their glycosides (31, 32, 39-41, 45, 47, 48, 55, 58, 60,
69, 77, 78), and acylglycosides (30, 46, 48, 53, 54, 64, 70, 75, 80) have also been detected in T.
balsamita extracts. In case of these compounds, the cleavage of a methyl radical (15 Da) leading
to the formation of [M—CHj3]~* ions points to the presence of a methoxy group [150,151].
Compounds 88, 90, 91 as well as 92 suffered 3 neutral losses of 15 Da (m/z 359 — 344 —
329 — 314 and m/z 343 — 328 — 313 — 298) indicating a trihydroxy-trimethoxyflavone
(88, 90, 91) or dihydroxy-trimethoxyflavone (92) structure. In the mass spectra of 83, 85,
and 89, two neutral losses of 15 Da occurred (m/z 345 — 330 — 315 and m/z 329 — 314 —
299) suggesting a tetrahydroxy-dimethoxyflavone (83, 85) or a trihydroxy-dimethoxyflavone
(89) skeleton. Compounds 82 and 87 with a single loss of 15 Da were characterized as
tetrahydroxy-methoxyflavone and trihydroxy-methoxyflavone, respectively [94,140]. The
structures of glycoside and acylglycoside derivatives of methoxy-flavone were proposed as
detailed previously. The neutral losses yielded by the cleavage of sugar residues and cin-
namoyl moieties, together with the fragment ions corresponding to the deprotonated and/or
dehydrated cinnamic acids were analyzed for the structural characterization of flavonoid
methyl ether derivatives [113,129,137,143].

During the analysis of apigenin-C-glycosides, the neutral losses of 120 and 90 Da for
C-hexoses, as well as 90 and 60 Da for C-pentoses, were characteristic [152]. Compound
13 presented the [M—H]~ ion at m/z 593 and its fragment ions at m/z 503, 473, 383, and
353, indicating two neutral losses of 120 Da (m/z 593 — 473 — 353); thus, it was identified
as apigenin-6,8-di-C-hexoside [94,110,116,117]. Compound 33 showing a neutral loss of
120 Da (m/z 431 — 311) did not exhibit a [M—H—-2H,0]~ fragment ion (at m/z 395) typical
for flavone-6-C-hexosides; thus, it was suggested to be apigenin-8-C-hexoside [110,131,132].
Compound 21 presenting a neutral loss of 120 Da and an abundant [M—H—60]~ ion (at
m/z 503), characteristic of flavone-6-C-pentosides but not of flavone-8-C-pentosides, was
proposed to be apigenin-8-C-hexosyl-6-C-pentoside [117,122,123].

Furthermore, dihydrochalcone-C-glycosides (66, 68) were also tentatively character-
ized, by comparing their MS spectra with the literature [112,113].

2.2.2. Hydroxycinnamic Acid Derivatives

Characteristic fragment ions of caffeic, coumaric, ferulic, and dihydrosinapic acid deriva-
tives (at m/z 179-161, 163-145, 193-175, and 225-207, respectively) were used for their tentative
characterization, as described earlier. The neutral losses of 162 and 176 Da referred to a hexose
and a hexuronose moiety; therefore, compounds 2, 12, 24, 72, 8, and 16 were identified as
caffeoyl-O-hexoside (2), two p-coumaroyl-O-hexoside isomers (12, 24), coumaroyl-caffeoyl-O-
hexoside (72), dihydrosinapoyl-O-hexuronosyl-hexoside (8), and dihydrosinapoyl-O-hexoside
(16) [108,113,124].

Compounds 4, 9, 11, and 14 were characterized as caffeoylquinic acid isomers, while
22 and 26 were proposed to be feruloylquinic acids. The isomers could be differentiated
based on the relative intensities of their fragment ions. In case of 4 and 26, the abundance
of the m/z 191 (deprotonated quinic acid) fragment ion and the m/z 179 (deprotonated
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caffeic acid) or the m/z 193 (deprotonated ferulic acid) secondary fragment ions referred to
3-O-caffeoylquinic acid and 3-O-feruloylquinic acid, respectively. Compounds 9, 14, and
22, presenting the base peak at m/z 191 without any secondary peaks, were identified as
5-O-caffeoylquinic acid isomers and 5-O-feruloylquinic acid. According to Jaiswal et al., the
cis isomer of cinnamoylquinic acids is assumed to be the more hydrophobic and is therefore
eluted at higher retention times. Thus, 9 was characterized as trans-5-O-caffeoylquinic
acid, while (14) as cis-5-O-caffeoylquinic acid. The presence of the fragment ion at m/z
173 indicated a 4-substituted isomer; therefore, 11 was characterized as 4-O-caffeoylquinic
acid [108,111,127,133].

Similarly, dicaffeoylquinic acid isomers with [M—H]~ ions at m/z 515 could also be
distinguished based on their fragment ions. In case of 3,4-O-dicaffeoylquinic acid (49),
the fragment ion at m/z 173 was the base peak; however, the intensity of the secondary
peaks at m/z 191 and 179 was relatively high. The domination of the fragment ion at m/z
191 indicated the 3,5-O-dicaffeoylquinic acid isomer for 50, while the base peak at m/z
173 with relatively low intensity secondary peaks referred to the 4,5-O-dicaffeoylquinic
acid isomer (63). Compound 51 presenting [M—H—H,O]~, [quinic acid—H]~ and [caffeic
acid—H]~ at m/z 335, 191, and 179, respectively, pointed to the 1,3-O-dicaffeoylquinic acid
isomer [109,133,135,141,142]. Additionally, a tri-O-caffeoylquinic acid isomer (84) was also
identified in the extracts [111,133,148,149].

Further caffeoyl derivatives with distinctive fragment ions have also been detected.
Compounds 6, 17, 71, and 25 with the following pseudomolecular and fragment ions:
m/z 357 — 195, m/z 339 — 179, m/z 461 — 323, 299, and m/z 343 — 167 were assigned as
caffeoyl-O-pentahydroxyhexanoic acid (caffeoyl-O-gluconic acid), caffeoyl-O-dimethyl-
dihydroxybutanedioic acid, salicylic acid caffeoyl-O-hexoside, and vanillyl-O-hexuronoside,
respectively [113,125,126,135].

2.2.3. Other Constituents

The fragmentation patterns of compounds 3 and 5 indicated the presence of a di-
hydroxybenzoic acid moiety with its typical fragment ion at m/z 153. The neutral losses
of 162 Da and 2 x 132 Da referred to a hexose and two pentose moieties; thus, the com-
pounds were characterized as dihydroxybenzoyl-O-hexoside and dihydroxybenzoyl-di-O-
pentoside [94,109,112,113].

Compounds 7 and 10 showing the characteristic ions at m/z 305 and 225, as well as m/z
307 and 227 were supposed to be an epigallocatechin/gallocatechin isomer and a hydrated
catechin/epicatechin isomer, respectively [114,115].

Compound 18 (m/z 535) was identified as hydroxypinoresinol-O-hexoside. The pres-
ence of another lignan was presumed for 73: medioresinol-O-hexoside or eucommin A.
However, according to the literature, the dihydrosinapoyl-caffeoyl-O-hexoside structure
presenting the same fragment ions may also be probable for 73 [109,113,144].

Compound 19 presented a pseudomolecular ion at m/z 389 and fragment ions at
m/z 345,227, and 209 indicating the loss of a CO (m/z 389 — 345) and a hexose molecule
(m/z 389 — 209). Based on the literature, these characteristics suggested the structure of
oleoside/secologanside [120,121].

2.3. Parallel Artificial Membrane Permeability Assay (PAMPA)

The ability of the compounds in T. balsamita extract (TbE and TbW) to cross biological
membranes of the gastrointestinal (GI) tract and the blood-brain barrier (BBB) by passive
diffusion was investigated using the PAMPA model [153]. The coupling of this assay
with UHPLC separation allowed the rapid simultaneous investigation of the membrane
permeability of the compounds present in the extract (Figure 3). The PAMPA is considered
to be one of the most effective and versatile screening tools for early drug discovery. Due to
the artificial nature of the membrane used in the assay, only passive transport mechanisms
can occur, unlike in cell-based assays. This is particularly important in the case of plant
extracts due to their complexity, as the evaluation of results obtained by different co-existing
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mechanisms (e.g., active transport, or metabolism) can be challenging. Furthermore, no
significant differences in effective permeabilities are observed in the PAMPA, whether
assessed with single compounds or mixtures [153].
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Figure 3. Representative UHPLC-DAD chromatograms (max plot) of the PAMPA-BBB studies: T.

balsamita 50% (v/v) ethanolic extract (TbE) before (red) and acceptor solution after the PAMPA-BBB
experiment (green).

In the case of both extracts (TbE and TbW), eight compounds (85-92) were detected
in the acceptor phase of both PAMPA models. Of these, apigenin (86) was identified by
comparison of its chromatographic, as well as UV and mass spectrometric behavior to the
authentic standard. The remaining seven methoxylated flavonoid derivatives (85, 87-92)
were characterized by quadrupole time-of-flight mass spectrometry (QTOF-MS).

Based on the chromatographic peak areas (UHPLC-DAD), these compounds were
present in higher relative concentrations in the extract prepared with 50% (v/v) ethanol
(TbE); therefore, data from this extract were used for the calculation of the logP, values
(n =9), as the larger peak areas help to obtain more accurate results, especially in the case of
minor constituents. All of these eight flavonoids exhibited logP, values greater than —6.0 in
the PAMPA-BBB studies and greater than —5.0 in the PAMPA-GI experiments (Table 2).

Table 2. Results of the PAMPA experiments expressed as logP, values (n =9).

logP, logP,
Compound PAMPA-BBB PAMPA-GI

(n=9) n=9)
Tetrahydroxy-dimethoxyflavone (85) —4.78 + 0.15 —4.54 +0.13
Apigenin (86) —4.46 £ 0.11 —4.75 £ 0.26
Trihydroxy-methoxyflavone (87) —4.56 +0.17 —4.56 +0.19
Trihydroxy-trimethoxyflavone (88) —4.88 +0.13 —4.75 +0.18
Trihydroxy-dimethoxyflavone (89) —4.46 = 0.14 —4.53 £0.13
Trihydroxy-trimethoxyflavone (90) —4.54 +0.08 —4.74 +£0.13
Trihydroxy-trimethoxyflavone (91) —4.43 +0.21 —4.74 +0.14
Dihydroxy-trimethoxyflavone (92) —4.30£0.13 —4.93 £0.13

Accordingly, these components can be considered as having good membrane perme-
ability [153]; thus, it can be assumed that they are absorbed in the gastrointestinal tract and
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cross the blood-brain barrier by passive diffusion. Although, it must be pointed out that
due to the artificial nature of the membrane used in the assays, merely passive transport
mechanisms can occur, and active (e.g., efflux) transport of the compounds cannot be
studied.

Nevertheless, it is also worth noting that apigenin and the methoxylated flavonoids
axillarin, sudachitin, casticin, and nevadensin isolated from a related species, Tanacetum
parthenium (L.) Sch. Bip., have already been reported to have good permeability in the
PAMPA-BBB model [140].

3. Discussion

Tanacetum balsamita has been known for centuries in European ethnomedicine and as
an ornamental plant. Among the recorded use of the species in the study areas, treatment
for wounds was also documented earlier in Transylvania [27,48,49,154], Bucovina [63], and
Turkey [12,58], for liver diseases also in Transylvania [47,48] and in Persian traditional
medicine [52], while similar to our record as a refreshment, it was found in tonic and
flavoring preparations in Iran [52], Lithuania [90], Serbia, and Italy [59,60,64]. In the
ethnodermatological aspect, our record to treat furuncle was documented as a decoction in
Uz Valley.

In search of the potentially bioactive constituents, we tentatively characterized 91 phe-
nolic compounds and a monoterpene in T. balsamita extracts by UHPLC-ESI-MS. In line with
the literature data, the most prevalent constituents were flavonoids and cinnamoylquinic
acids, with a prominent difference between the composition of the aqueous and the 50%
ethanolic extract. The former mainly comprised apigenin-C-glycosides, methoxyflavone-
di-O-glycosides, and methoxyflavone-O-acylglycosides, while caffeoylquinic acids and
methoxyflavone aglycones were prevailing in the latter.

Benedec et al. identified the flavonols kaempferol and quercetin as well as rutin,
isoquercitrin, and quercitrin (the glycosides of quercetin) in two T. balsamita varieties [97].
We also detected flavonol-O-glycosides such as rutin (35) and quercetin-3-O-hexoside
(42) as minor constituents; however, kaempferol, quercetin, and quercitrin (quercetin-3-O-
rhamnoside) were not present in our extracts.

Baczek et al. concluded that cichoric acid is the dominant phenolic compound, and
apigenin-7-O-glucoside is the main flavonoid of T. balsamita. They also determined the
quantities of caffeic acid, 3-O-caffeoylquinic acid, rosmarinic acid, and the flavonoids
quercetin, luteolin-7-O-glucoside, and chrysoeriol [99]. Surprisingly, we did not detect
cichoric acid, caffeic acid, and rosmarinic acid. Additionally, we only observed C-glycosides
of apigenin (21, 33) as well as hexurunosides (37, 59, 61), a pentoside (67), di- (15, 23, 38),
and acylglycosides (28, 43, 44, 57), but no glucoside for luteolin. We described apigenin-
8-C-hexoside (33) and apigenin-8-C-hexosyl-6-C-pentoside (21) in costmary for the first
time.

In alignment with the results of Pukalskas et al. who identified the major antioxidative
components of costmary, we also detected 5-O-caffeoylquinic acids (9, 14), 3,5-O-dicaffeoylquinic
acid (50), trihydroxy-dimethoxyflavone (89), and tetrahydroxy-dimethoxyflavon (83, 85) [90].
We reported the presence of distinct frans (9) and cis (14) isomers of 5-O-caffeoylquinic acid in
extracts of this plant for the first time.

The lipophilic and polar flavonoids of T. balsamita were analyzed in previous stud-
ies [94,155]. In agreement with these results, we also identified a trihydroxy-methoxyflavone
(87), presumably hispiduline; a dihydroxy-methoxyflavone (82), nepetin or isorhamnetin; a
trihydroxy-dimethoxyflavone (89), jaceosidin or cirsiliol; two tetrahydroxy-dimethoxyflavones
(83, 85), probably spinacetin and axillarin, and a dihydroxy-trimethoxyflavone (92), eupatilin
or santin. In a recent paper, two quercetagetin-trimethyl ether (trihydroxy-trimethoxyflavone)
isomers were detected in T. balsamita [94]. However, in our work, we report three trihydroxy-
trimethoxyflavone isomers (87, 90, 92) for the first time. After comparing the retention times
of the compounds with the literature data, 90 can be presumed as the new metabolite.
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In addition, the flavan-3-ols epigallocatechin/gallocatechin isomer (7) and catechin/
epicatechin hydrated (10), the secoiridoid glycoside oleoside or secologanside (19), the lig-
nans hydroxypinoresinol-O-hexoside (18), and medioresinol-O-hexoside or eucommin A (73),
as well as vanillyl-O-hexuronoside (25), have been proposed in T. balsamita for the first time.

Besides the phytochemical analyses, we performed PAMPA experiments to assess the
capability of the constituents in costmary extracts to cross biological membranes by passive
diffusion. According to our results, lipophilic flavonoids are presumably absorbed in the
gastrointestinal tract and cross the blood—-brain barrier by passive diffusion. Thus, these
may contribute to the biological effects of T. balsamita such as the in vivo hepatoprotective
activity observed in rats [156], or the sedative [54], and anti-migraine actions [157] reported
in ethnobotanical studies.

According to the literature data, T. balsamita extracts characterized by polyphenols such
as flavonol glycosides and hydroxycinnamic acid derivatives exerted in vitro antioxidant ef-
fects [97,99,158]. Extracts of costmary and other Tanacetum species containing caffeoylquinic
acids and flavonoids also showed fungistatic and antibacterial effects [99,159,160]. How-
ever, the results of these in vitro experiments should be assessed carefully. Most of the
constituents presumed to be responsible for the antioxidative and antibacterial effects
could not permeate through the membrane in our PAMPA studies and, thus, might not be
absorbed in the gastrointestinal tract.

4. Materials and Methods
4.1. Ethnobotanical Survey and Research Areas

The studied settlements and data were selected based on earlier surveys conducted in
the period of 2007-2019 in Transylvania, Romania. Lunca de Jos (32 informants = IF/1091
inhabitants = IH) in the Ghimes region (Bacau County) and Cinod (45 IF/200 IH) and
Egershec (25 IF/100 TH) in the Uz Valley (Harghita County) are inhabited by the Csdngé
people, while Calugareni (15 IF/52 TH), Ghipes (12 IF/138 TH), Locodeni (10 IF/83 IH), and
Petreni (12 IF/120 IH) along the Nagy-Homordd river are inhabited by the Székely people
(Harghita County). The Hungarian language skills of rural people facilitated the process
of semi-structured interviews, complemented with the explanations of local dialects in all
villages. Except for Lunca de Jos, villages are not provided by permanent pharmaceutical,
medical, and veterinary services. People work mostly in agriculture and livestock farming
in a close relationship with nature, involving plants” use from wild habitat or cultivation
based on their own experiences and observation. In this study, only the data mentioned
on T. balsamita are summarized. The visited informants aged between 62 and 85 years
were asked for the vernacular name, cultivation, preparation, and use of the plant. The
original quotations were written in italics between inverted commas according to the folk
terminology of Csangos and Székelys.

4.2. Plant Material and Sample Preparation

Aerial parts of T. balsamita were collected in the EGSC-Melius Medicinal Plant Garden,
Pécs, Hungary, in June 2022. The herb was dried at room temperature and stored in the
dark until analyses. The voucher specimen of the species labelled with a unique code
was deposited at the Department of Pharmacognosy, University of Pécs, Pécs, Hungary
(Voucher code: TB_06). The plant name follows the terminology of The World Flora Online
(WFO, 2023) [70].

4.3. Reagent and Chemicals

Ethanol, as well as HPLC grade methanol and acetonitrile, was purchased from
Molar Chemicals Kft. (Halasztelek, Hungary). Acetic acid 100% for HPLC LiChropur™
was acquired from Sigma-Aldrich (Steinheim, Germany). Dimethyl sulfoxide (DMSO),
n-dodecane, hydrochloric acid (HCl), sodium hydroxide (NaOH), disodium hydrogen phos-
phate heptahydrate (NayHPO,-7H,0), and sodium dihydrogen phosphate monohydrate
(NaHPO4-H,O) were obtained from Reanal-Ker (Budapest, Hungary), while apigenin,
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caffeine and rutin standards, phosphatidylcholine, cholesterol, the porcine polar brain lipid
extract, and the PBS tablet (Phosphate Buffered Saline, pH 7.4) were purchased from Merck
(Darmstadt, Germany). High-purity water was gained by a Millipore Direct Q5 Water
Purification System (Billerica, MA, USA).

For UHPLC-MS and PAMPA analyses, the aqueous and 50% (v/v) ethanolic extracts
were obtained by extracting 3.0 g of herb powder in 30 mL of distilled water (TbW) or 50%
(v/v) ethanol (TbE) using an ultrasonic bath (three times, 30 min each) at room temperature.
The extracts were distilled to dryness under reduced pressure with a rotary evaporator
(Btichi Rotavapor R-200, Flawil, Switzerland) at 45 °C. The residues were dissolved in
20 mL of 70% (v/v) HPLC grade methanol and filtered through Minisart RC 15 0.2 pm
syringe filters (Sartorius AG, Goettingen, Germany).

4.4. Phytochemical Analyses by Ultrahigh-Performance Liquid Chromatography (UHPLC)
Coupled to Diode-Array Detector (DAD) and Mass Spectrometry (MS)

4.4.1. UHPLC Conditions

For the analysis of the TboW and TbE extracts and the samples from the PAMPA studies,
an ultrahigh-performance liquid chromatography-diode-array detection-mass spectrometry
(UHPLC-DAD-MS) method was developed. Briefly, an ACQUITY UPLC H-Class PLUS
System (Waters Corporation, Milford, MA, USA) hyphenated with a quaternary solvent
delivery pump (QSM), an auto-sampler manager (FTN), a column compartment (CM),
and a photodiode array (PDA) detector (Waters Corporation, Milford, MA, USA) were
employed. The chromatographic separation was performed using an Acquity UPLC BEH
C18 (Waters, Dublin, Ireland) (100 mm x 2.1 mm i.d., 1.7 pm) column, with column
temperature: 30 °C. The mobile phase consisted of 0.1% formic acid in water (eluent A) and
acetonitrile (eluent B). All aqueous solvents were filtered through MF-Millipore (Millipore,
Billerica, MA, USA) (0.45 um, mixed cellulose esters) membrane filters. The following
gradient elution was applied at a flow rate of 0.3 mL/min: 0 min 15.0% B, 10.0 min 25.0%
B, 16.0 min 80.0% B, 16.5 min 100.0% B, 19.0 min 100.0% B, 19.5 min 15.0% B. UV spectra
and chromatograms were recorded at 200—400 nm. The injection volume was 5 puL.

4.4.2. MS Conditions

Mass spectrometric analyses were performed with a Xevo Q-TOF instrument equipped
with an electrospray ionization source (ESI) (Waters Corporation). ESI conditions were as
follows: capillary voltage 2.6 kV, sampling cone voltage 40 V, source temperature 120 °C,
desolvation temperature 300 °C, desolvation N; gas flow 600 L/h. High purity nitrogen
was used as collision gas, and the collision energy was changed between 10 eV and 45 eV,
depending on the analyzed structure. Full-scan mass spectra were acquired over the range
of m/z 100-2000 in negative ionization mode. The Masslynx 4.1 software was used for data
acquisition and qualitative analysis.

4.5. Parallel Artificial Membrane Permeability Assay (PAMPA)

A parallel artificial membrane permeability assay (PAMPA) was used to determine the
effective permeability (Pe) for the components of Tanacetum extracts prepared with water
(TbW) and 50% (v/v) aqueous ethanol (TbE). Stock solutions of the extracts (100 mg/mL in
DMSO) were diluted with the defined buffer (pH 7.4 for the PAMPA-BBB and pH 6.8 for
the PAMPA-GI assays) to obtain the donor solutions (composition: 594.0 uL buffer + 6.0 puL
stock solution). The buffers were prepared as follows: pH 6.8: 20.2 g NayHPO,4-7H,0 and
3.4 g NaH,PO,4-H,O dissolved in distilled water to achieve the final volume of 1000.0 mL,
pH adjustment with 0.5 M NaOH or 0.5 M HCl; pH 7.4: one PBS tablet (Phosphate Buffered
Saline, pH 7.4; Sigma Aldrich) dissolved in 200.0 mL distilled water. Donor solutions
were filtered through Phenex-RC 15 mm, 0.2 pum syringe filters (Gen-Lab Ltd., Budapest,
Hungary).

For the PAMPA-BBB test, 5 uL of porcine polar brain lipid extract (PBLE) solution
(16.0 mg PBLE + 8.0 mg cholesterol dissolved in 600.0 uL n-dodecane) was applied for each
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well of the 96-well polycarbonate-based filter donor plates (top plate) (Multiscreen™-IP,
MAIPN4510, pore size 0.45 um; Merck). For the PAMPA-GI assay, the wells of the top
plate were coated with 5 puL of the mixture of 16.0 mg phosphatidylcholine and 8.0 mg
cholesterol dissolved in 600.0 uL n-dodecane. Some 150.0 pL aliquots of the filtrated
donor solutions were placed on the membrane. The 96-well PTFE acceptor plates (bottom
plates) (Multiscreen Acceptor Plate, MSSACCEPTOR; Merck) were filled with 300.0 uL
buffer solution (0.01 M PBS buffer, pH 7.4). The donor plate was placed upon the acceptor
plate, and both plates were incubated together at 37 °C for 4 h in a Heidolph Titramax
1000 Vibrating platform shaker (Heidolph, Schwabach, Germany).

After incubation, sandwich plates were separated, and the concentrations of each
compound in the starting donor solution and in the acceptor and donor wells were deter-
mined in triplicate by chromatographic peak areas derived from the UHPLC-DAD method
described above. UV spectra and chromatograms were recorded at 200-400 nm, and the
chromatograms acquired at the UV absorption maxima of each compound were used for
data evaluation. The effective permeability and the membrane retention in the PAMPA-BBB
and the PAMPA GI experiments were calculated using data from the chromatograms of the
TbE extract by Equations (1)-(4), respectively [161]:

"= ng () 8l () (Gm)| o
v dimm (e ol () < (G0)) @

where Pe is the effective permeability coefficient (cm/s), A is the filter area (0.24 cm?), Vp
and V4 are the volumes in the donor (0.15 cm?) and acceptor phases (0.30 cm?), t is the
incubation time (s), Tsg is the time (s) to reach steady-state (240 s), Cp(t) is the concentration
(mol/cm?) of the compound in the donor phase at time t, and Cp(0) is the concentration
(mol/cm?) of the compound in the donor phase at time 0. MR is the estimated membrane
retention factor (the estimated mole fraction of solute lost to the membrane), and r; is the
sink asymmetry ratio (gradient-pH-induced), defined as follows:

o Vo 2D 3)
TV, Pe(D—m)

Cp(0)  Vp Cp(0)

All experiments were performed in three triplicates on three consecutive days (n = 9);
caffeine standard was used as positive, while rutin as negative control.

5. Conclusions

Ethnomedicinal surveys are of pivotal importance to document and maintain tra-
ditional treatments by plants in Transylvania, Romania, and to select species for further
analyses. The selected Tanacetum balsamita is applied in recent ethnomedicine in the studied
regions in Transylvania nowadays. In our work, polyphenolic compounds of T. balsamita
were detected by UHPLC-MS/MS, including 54 constituents identified for the first time
in the plant. The PAMPA study of the plant extracts revealed eight compounds with
good permeability across the membranes of the gastrointestinal tract and the blood-brain
barrier. Based on our recent results and previous data, it can be assumed that methoxylated
flavonoids contribute to the pharmacological activity of Tanacetum species. Therefore, fur-
ther studies investigating the structure, biological activity, and pharmacokinetic properties
of T. balsamita flavonoids would be of great interest.

Author Contributions: Conceptualization, A.A. and N.P; methodology, A.A., ER, C.AE-T. and
N.P; software, A.A.; validation, A.A.; formal analysis, A.A. and N.P; investigation, A.A., ER,



Plants 2024, 13, 1652 14 of 20

C.A.E-T. and N.P; resources, A.A. and N.P; data curation, A.A. and N.P; writing—original draft
preparation, A.A.S.C.,D.C,RF and N.P; writing—review and editing, A.A.,S.C.,D.C,RF and
N.P; visualization, A.A., E.R. and C.A.E-T; supervision, A.A. S.C.and N.P; project administration,
A.A. and N.P; funding acquisition, N.P. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was supported by grants from the National Research, Development and In-
novation Office (NKFIH K 127944, NKFIH K 120342), also by the Ministry of Education, Research,
Development and Youth of the Slovak Republic Grants (VEGA 1/0226/22 and VEGA 1/0101/23),
and the Library Foundation of FaF CU.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors thank the informants for sharing their ethnobotanical knowledge on
the species in Transylvania.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study, in the collection, analyses, or interpretation of data, in the writing of the manuscript, or
in the decision to publish the results.

References

1.

11.

12.

13.
14.
15.
16.

17.
18.

19.

20.
21.

Gurib-Fakim, A. Medicinal Plants: Traditions of Yesterday and Drugs of Tomorrow. Mol. Asp. Med. 2006, 27, 1-93. [CrossRef]
[PubMed]

Stintar, I. Importance of Ethnopharmacological Studies in Drug Discovery: Role of Medicinal Plants. Phytochem. Rev. 2020, 19,
1199-1209. [CrossRef]

Abdallah, E.M.; Alhatlani, B.Y.; de Paula Menezes, R.; Martins, C.H.G. Back to Nature: Medicinal Plants as Promising Sources for
Antibacterial Drugs in the Post-Antibiotic Era. Plants 2023, 12, 3077. [CrossRef] [PubMed]

Papp, N.; Birkas-Frendl, K.; Farkas, A_; Pieroni, A. An Ethnobotanical Study on Home Gardens in a Transylvanian Hungarian
Csango Village (Romania). Genet. Resour. Crop Evol. 2013, 60, 1423-1432. [CrossRef]

Papp, N.; Sali, N.; Csepregi, R.; Toth, M.; Gyergydk, K.; Dénes, T.; Bartha, S.G.; Varga, E.; Kaszas, A.; Készegi, T. Antioxidant
Potential of Some Plants Used in Folk Medicine in Romania. Farmacia 2019, 67, 323-330. [CrossRef]

Papp, N.; Czégényi, D.; Téth, M.; Dénes, T.; Bartha, S.G.; Csepregi, R.; Gyergyak, K.; Bukovics, P; Stranczinger, S.; Varga, E.; et al.
Ethnomedicine Survey on Folk Dermatology in Transylvania, Romania. Clin. Dermatol. 2022, 40, 651-664. [CrossRef] [PubMed]
Papp, N. “A Virdgok .. .Mindegyik Orvossig”- Hagyomdnyok és Népi Orvoslds Lovétén; Lovétei Kozbirtokossaga és Polgarmesteri
Hivatal: Lueta, Romania, 2018.

Csepregi, R.; Temesf&i, V.; Das, S.; Alberti, A.; Téth, C.A.; Herczeg, R.; Papp, N.; Készegi, T. Cytotoxic, Antimicrobial, Antioxidant
Properties and Effects on Cell Migration of Phenolic Compounds of Selected Transylvanian Medicinal Plants. Antioxidants 2020, 9,
166. [CrossRef] [PubMed]

Mozaffarian, V. Dictionary of Iranian Plant Names: Latin-English-Persian; Farhang Moaser: Tehran, Iran, 1998.

Bagci, E.; Kocak, A. Essential Oil Composition of Two Endemic Tanacetum (T. nitens (Boiss.&Noe) Grierson and T. argenteum
(Lam.) Willd. Subsp. argenteum) (Asteraceae) Taxa, Growing Wild in Turkey. Ind. Crops Prod. 2010, 31, 542-545. [CrossRef]
Triana, J.; Eiroa, J.L.; Morales, M.; Pérez, E].; Brouard, 1.; Marrero, M.T.; Estévez, S.; Quintana, J.; Estévez, F.; Castillo, Q.A.; et al.
A Chemotaxonomic Study of Endemic Species of Genus Tanacetum from the Canary Islands. Phytochemistry 2013, 92, 87-104.
[CrossRef]

Zengin, G.; Sieniawska, E.; Senkardes, I.; Picot-Allain, M.C.N.; Ibrahime Sinan, K.; Fawzi Mahomoodally, M. Antioxidant Abilities,
Key Enzyme Inhibitory Potential and Phytochemical Profile of Tanacetum poteriifolium Grierson. Ind. Crops Prod. 2019, 140, 111629.
[CrossRef]

Quattrocchi, U. CRC World Dictionary of Medicinal and Poisonous Plants. Common Names, Scientific Names, Eponyms, Synonyms, and
Etymology (5 Volume Set); CRC Press: Boca Raton, FL, USA, 2012; Vol. V (R-Z).

Dioscorides. De Materia Medica; Ibidis Press: Johannesburg, South Africa, 2000; ISBN 0-620-23435-0.

Matthioli, P.A. Senensis, Medici, Compendium (Facsimile); In officina Valgrisiana: Venetiis, Italy, 1562.

Matthioli, P.A. Herbar Neboli Bylindi. Commentarrii in Sex Libros Pedacii Dioscoridis (Facsimile); Melantrichius ab Aventino ad Inst.
Vinc. Valgrisii: Pragae, Czech Republic, 1562.

Rapaics, R. A Magyarsig Virdgai. A Virdgkultusz Torténete; Kirdlyi Magyar Természettudomanyi Tarsulat: Budapest, Hungary, 1932.
Stirling, J. A kés6 kozépkori kertm{ivészet szakralis szimbdélumai a novénynevek tiikrében. In “Lippay Jdnos” Tudomdinyos Ulésszak
Eléaddsai és Poszterei; Kertészeti és Elelmiszeripari Egyetem kiadvanyai: Budapest, Hungary, 1992; pp. 114-117.

Berrar, J.; Karoly, S. Régi Magyar Glosszdrium. Szotdrak, Széjegyzekek és Glosszik Egyesitett Szotdira; Akadémiai Kiad6: Budapest,
Hungary, 1984.

Clusius, C.; Beythe, 1. Stirpium Nomenclator Pannonicus; Ex Officina Christophori Plantini: Németajvar, Austria, 1583.

Schram, F. Népi novénynevek a XVIIIL. szazadbol. Magy. Nyelvér 1961, 1-4, 209-214.


https://doi.org/10.1016/j.mam.2005.07.008
https://www.ncbi.nlm.nih.gov/pubmed/16105678
https://doi.org/10.1007/s11101-019-09629-9
https://doi.org/10.3390/plants12173077
https://www.ncbi.nlm.nih.gov/pubmed/37687324
https://doi.org/10.1007/s10722-012-9930-7
https://doi.org/10.31925/farmacia.2019.2.18
https://doi.org/10.1016/j.clindermatol.2022.07.013
https://www.ncbi.nlm.nih.gov/pubmed/35914644
https://doi.org/10.3390/antiox9020166
https://www.ncbi.nlm.nih.gov/pubmed/32085594
https://doi.org/10.1016/j.indcrop.2010.02.006
https://doi.org/10.1016/j.phytochem.2013.04.015
https://doi.org/10.1016/j.indcrop.2019.111629

Plants 2024, 13, 1652 15 of 20

22.
23.

24.

25.

26.
27.
28.
29.
30.

31.

32.
33.
34.
35.

36.
37.
38.
39.
40.
41.

42.
43.
44.
45.
46.
47.
48.
49.
50.

51.

52.

53.

54.

55.

56.

57.
58.
59.

Priszter, S. Novényneveink. A Magyar és a Tudomdnyos Novénynevek Szotira; Mezégazda Kiad6: Budapest, Hungary, 1998.

Koltay, E. Boldogasszony viragai. In Boldogasszony: Szfiz Mdria tisztelete Magyarorszigon és Kozép-Eurdpdban; Szegedi Vallasi
Néprajzi Konyvtar; Néprajzi Tanszék: Szeged, Hungary, 2001; pp. 318-332. ISBN 963-482-319-X.

Vorss, E. A Magyar Gydgynovények Neveinek Torténeti-Etimoldgiai Szdtdra; A Debreceni Egyetem Magyar Nyelvtudomanyi
Intézetének Kiadvanyai; Késziilt a Debreceni Egyetem Egyetemi és Nemzeti Kényvtaranak Sokszorosité Uzemében: Debrecen,
Hungary, 2008; ISBN 978-963-473-084-2.

Récz, J. Novénynevek Enciklopédidja. Az Elnevezések Eredete, a Novények Kultiirtorténete és Elettani Hatdsa; Tinta Kiadé: Budapest,
Hungary, 2010; ISBN 978-963-9902-40-4.

Melius Juhasz, P. Herbarium; Heltai Gasparné: Colosvarat, Romania, 1578.

Varjas, B. XVI. Szdzadi Magyar Orvosi Konyv; Erdélyi Tudomanyos Intézet: Kolozsvar, Romania, 1943.

Lippay, J. Posoni Kert. I1. Veteményes Kert; Cosmerovius Maté: Vienna, Austria, 1664.

Fekete, A. Lugaskert, filegoria, halast6. Erdélyi reneszansz kertemlékeinkbdl. Korunk 2008, I1I, 46-51.

Mollay, K. Hans Seyfridt Hazipatikdja és Eceteskonyvecskéje (1609-1633). Sopron Viros Torténeti Forrdsai; B Sorozat; Gy&r-Moson-
Sopron Megye Soproni Levéltara és a Soproni Muzeum: Sopron, Hungary, 1995; Volume 2.

Hoffmann, G. Probdlt Orvossigok. Medicusi és Borbélyi Mesterség. Régi Magyar Ember- és Allatorvoslé Konyvek Radvinszky Béla
Gyiijtésebdl. (Adattdr a XVI-XVIII. Szazad Szellemi Mozgalmainak Torténetéhez, 9); MTA Irodalomtudomanyi Intézet: Budapest,
Hungary, 1989.

Matyus, L. O és 1ij Diaetetica, 4.; Landerer: Pozsony, Slovakia, 1789.

Szent-Mihalyi, M. Hdzi Orvossidgok; Ambré: Vac, Hungary, 1791.

Cyprian monk. Cypridnov herbdr (Facsimile); monastery Cerveny klastor: Cerveny Klastor, Slovakia, 1766/1771.

Veszelszki, A. A ‘Novevény-Plintik’ Orszigdbdl Vald Erdei, Es Mezei Gyfijtemény, Vagy-Is Fa- Es Fiiszeres Konyv, Mellyben Azoknak Dedk,
Magyar, Német, Frantz, Tseh, Es Olidh Neveik, Kiilsd, Belsd, Es Koz Hasznaikkal Egyetemben Mathiolusbdl “s Mds Tobb Fa-, Es Filvész-Irékbol a”
Koz-Rendii Hazafiak” Kedvekért Szalanként EQybe-Szedettek; Veszelszki Antal altal. Trattner-Kiss: Pesth, Hungary, 1798.

Berde, K. A Magyar Nép Dermatoldgidja; A Magyar Orvosi Kényvkiad6 Tarsulat Kényvtara: Budapest, Hungary, 1940.

Marton, J. Novénynevek a Nép Nyelvében. Ethnographia 1892, 3, 55-60.

Borbas, V. Balzsammenta. Pallas Nagy Lexikona 1893, II, 558.

Szabo, T.E.A.; Péntek, ]. Népi novényismereti gyfijtés (Tajékoztato és szemelvények). Miivelddés 1974, 27, 51-57.

Péntek, J.; Szabo, T.A. Egy haromszéki falu népi névényismerete. Ethnographia 1976, 87, 203-225.

Sandor, M. Egy bihari parasztasszony hiedelmei. In Folklér Archivum 4; MTA Néprajzi Kutatocsoport: Budapest, Hungary, 1976;
pp. 187-282.

Péntek, J. Viragnyelv-Virdgének. TETT 1979, 3, 15-20.

Palfalvi, P. Biizlik-e a vénasszonyvirdg? Hargita Népe 1990, 2, 2.

Kovacs, K. Kerti viragok és disznovények Csikszépvizen. Miivel6dés 1993, 42, 53.

Gub, J. Borogatdk, kenbesok, sebtapaszok a Sovidéken. Hazanézg 2000, 11, 27-29.

Halmali, J. Adatok a “Herbadrium” orvos-botanikai értékeléséhez. Commun. ex Bibl. Hist. Medicae Hung. 1962, 23, 281-334.
Butura, V. Enciclopedie de Etnobotanici Romadneasci; Editura Stiintifica si Enciclopedica: Bucharest, Romania, 1979.

Péntek, J.; Szabo, T.A. Emberés Novenyvilag. Kalotaszeg Novényzete és Népi Novényismerete; Kriterion: Bucuresti, Romania, 1985.
Rab, J. Ujabb népgydgyaszati adatok Gyimesb6l. Gydgyszerészet 1982, 26, 325-333.

Jaimand, K.; Rezaee, M.B. Chemical Constituents of Essential Oils from Tanacetum balsamita L. ssp. Balsamitoides (Schultz-Bip.)
Grierson. from Iran. J. Essent. Oil Res. 2005, 17, 565-566. [CrossRef]

Hassanpouraghdam, M.; Tabatabaie, S.J.; Nazemiyeh, H.; Aflatuni, A. N and K Nutrition Levels Affect Growth and Essential Oil
Content of Costmary (Tanacetum balsamita L.). ]. Food Agric. Environ. 2008, 6, 145-149.

Hassanpouraghdam, M.B.; Tabatabaei, S.J.; Nazemiyeh, H.; Vojodi, L.; Aazami, M.-A.; Shoja, A. Chrysanthemum balsamita (L.)
BAILL.: A Forgotten Medicinal Plant. Med. Biol. 2008, 15, 119-124.

Hassanpouraghdam, M.B.; Tabatabaie, S.J.; Nazemiyeh, H.; Aflatuni, A. Effects of different concentrations of nutrient solution on
vegetative growth and essential oil of costmary (Tanacetum balsamita L.). J. Agric. Sci. 2008, 18, 27-38.

Hassanpouraghdam, M.B. Flowerhead Volatile Oil Composition of Soilless Culture-Grown Chrysanthemum balsamita L. Nat. Prod.
Res. 2009, 23, 672—677. [CrossRef]

Hassanpouraghdam, M.B.; Vojodi Mehrabani, L.; Kheiri, M.; Chrysargyris, A.; Tzortzakis, N. Physiological and Biochemical
Responses of Tanacetum balsamita L. to the Foliar Application of Dobogen Biostimulant, Glucose and KNOj3 under Salinity Stress.
Sci. Rep. 2022, 12, 9320. [CrossRef] [PubMed]

Alizadeh, M. A ; Jafari, A.A.; Sayedian, S.E. Evaluation of Aerial Biomass Yield and Essential Oil Content of Seven Species of
Tanacetum. |. Hortic. Res. 2017, 25, 19-25. [CrossRef]

Dalar, A. Plant Taxa Used in the Treatment of Diabetes in Van Province, Turkey. Int. J. Sec. Metab. 2018, 5, 171-185. [CrossRef]
Giines, F; Ozhatay, N. An Ethnobotanical Study from Kars Eastern Turkey. Biyolojik Cesitlilik Ve Koruma 2011, 4, 30—41.
Guarrera, PM.; Forti, G.; Marignoli, S. Ethnobotanical and Ethnomedicinal Uses of Plants in the District of Acquapendente
(Latium, Central Italy). J. Ethnopharmacol. 2005, 96, 429-444. [CrossRef] [PubMed]


https://doi.org/10.1080/10412905.2005.9698996
https://doi.org/10.1080/14786410802591182
https://doi.org/10.1038/s41598-022-13150-z
https://www.ncbi.nlm.nih.gov/pubmed/35661114
https://doi.org/10.1515/johr-2017-0002
https://doi.org/10.21448/ijsm.430703
https://doi.org/10.1016/j.jep.2004.09.014
https://www.ncbi.nlm.nih.gov/pubmed/15619562

Plants 2024, 13, 1652 16 of 20

60.

61.

62.

63.

64.

65.

66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Ghirardini, M.P.; Carli, M.; del Vecchio, N.; Rovati, A.; Cova, O.; Valigi, F.; Agnetti, G.; Macconi, M.; Adamo, D.; Traina, M.; et al.
The Importance of a Taste. A Comparative Study on Wild Food Plant Consumption in Twenty-One Local Communities in Italy. J.
Ethnobiol. Ethnomed. 2007, 3, 22. [CrossRef] [PubMed]

Guarino, C.; De Simone, L.; Santoro, S. Ethnobotanical Study of the Sannio Area, Campania, Southern Italy. Ethnobot. Res. Appl.
2008, 6, 255-317. [CrossRef]

Vitalini, S.; Puricelli, C.; Mikerezi, I.; Iriti, M. Plants, People and Traditions: Ethnobotanical Survey in the Lombard Stelvio
National Park and Neighbouring Areas (Central Alps, Italy). J. Ethnopharmacol. 2015, 173, 435-458. [CrossRef] [PubMed]
Soukand, R.; Pieroni, A. The Importance of a Border: Medical, Veterinary, and Wild Food Ethnobotany of the Hutsuls Living on
the Romanian and Ukrainian Sides of Bukovina. J. Ethnopharmacol. 2016, 185, 17-40. [CrossRef] [PubMed]

Cornara, L.; La Rocca, A.; Terrizzano, L.; Dente, F.; Mariotti, M.G. Ethnobotanical and Phytomedical Knowledge in the North-
Western Ligurian Alps. J. Ethnopharmacol. 2014, 155, 463—484. [CrossRef] [PubMed]

Attighi Lorestani, F.; Khashaveh, A.; Attighi Lorestani, R. Fumigant Toxicity of Essential Oil from Tanacetum balsamita L.
(Compositae) against Adults and Eggs of Callosobruchus maculatus F. (Coleoptera: Bruchidae). Arch. Phytopathol. Plant Prot. 2013,
46, 2080-2086. [CrossRef]

Voigt, R.E; Rogers, C.H; Fischer, E.B. A Pharmacognostic Study of Chrysanthemum balsamita L., var. Tanacetoides Boiss., Together
with a Study of Its Volatile Oil. J. Am. Pharm. Assoc. (1912) 1938, 27, 643-654. [CrossRef]

Hoppe, H.A. Drogenkunde; De Gruyter & Co.: Hamburg, Germany, 1942.

Linnaeus, C. Species Plantarum; Laurentius Salvius: Stockholm (Holmiae), Sweden, 1753.

Csap6, J. Uj Fiives Es Virdgos Magyar Kert; Landerer Mihaly: Pozsony, Slovakia, 1775.

WEFO World Flora Online. Available online: https://www.worldfloraonline.org/ (accessed on 18 May 2024).

Mozaffarian, V. Flora of Iran, Asteraceae (Compositae): Tribes Anthemideae and Echinopeae, 1st ed.; Institute of Forests and Rangelands
Press: Tehran, Iran, 2008. (In Persian)

Kiraly, G. Uj Magyar Fiivészkinyv. Magyarorszig Hajtdsos Novényei. Hatdrozokulcsok; Aggteleki Nemzeti Park Igazgatosaga: Jésvafs,
Hungary, 2009.

Tutin, T.G.; Heywood, V.H.; Burges, N.A.; Moore, D.M.; Valentine, D.H.; Walters, S.M.; Webb, D.A. Flora Europaea; Cambridge
University Press: Cambridge, UK, 2010; Volume 4, pp. 171-172.

Monfared, A.; Davarani, S.5.H.; Rustaiyan, A.; Masoudi, S. Composition of the Essential Oil of Tanacetum balsamita L. ssp.
Balsamitoides (Schultz Bip.) Grierson from Iran. J. Essent. Oil Res. 2002, 14, 1-2. [CrossRef]

Muresan, M.L.; Oniga, I.; Georgescu, C.; Paltinean, R.; Gligor, F; Craciunas, M.T.; Oprean, R. Botanical and Phytochemical Studies
on Tanacetum vulgare L. from Transylvania. Acta Med. Transilv. 2014, 2, 300-302.

Todorova, M.N.; Ognyanov, I.V. Sesquiterpene Lactones in a Population of Balsamita major Cultivated in Bulgaria. Phytochemistry
1989, 28, 1115-1117. [CrossRef]

Pérez-Alonso, M.].; Velasco-Negueruela, A.; Burzaco, A. Tanacetum balsamita L.: A Medicinal Plant from Guadalajara (Spain). Acta
Hortic. 1992, 306, 188-193. [CrossRef]

Bohlmann, F,; Zdero, C.; Schwarz, H. Naturally Occurring Terpene Derivatives. XLVIL. New Sesquiterpene from Tanacetum
balsamita Subspecies Balsamitoides. Chem. Berichte 1975, 108, 1369-1372. [CrossRef]

Bylaité, E.; Venskutonis, R.; Roozen, J.P.; Posthumus, M.A. Composition of Essential Oil of Costmary [Balsamita major (L.) Desf.] at
Different Growth Phases. J. Agric. Food Chem. 2000, 48, 2409-2414. [CrossRef] [PubMed]

Gallori, S.; Flamini, G.; Bilia, A.R.; Morelli, I; Landini, A.; Vincieri, EF. Chemical Composition of Some Traditional Herbal Drug
Preparations: Essential Oil and Aromatic Water of Costmary (Balsamita Suaveolens Pers.). ]. Agric. Food Chem. 2001, 49, 5907-5910.
[CrossRef] [PubMed]

Yousefzadi, M.; Ebrahimi, S.N.; Sonboli, A.; Miraghasi, F; Ghiasi, S.; Arman, M.; Mosaffa, N. Cytotoxicity, antimicrobial activity
and composition of essential oil from Tanacetum balsamita L. subsp. balsamita. Nat. Prod. Commun. 2009, 4, 119-122. [CrossRef]
[PubMed]

Venskutonis, PR. Costmary (Chrysanthemum balsamita) Oils. In Essential Oils in Food Preservation, Flavor and Safety; Preedy, VR.,
Ed.; Academic Press: San Diego, CA, USA, 2016; pp. 365-375. ISBN 978-0-12-416641-7.

Kazemzadeh, M.; Yaghmaei, P.; Mohammadi, S. Analgesic and Anti-Inflammatory Effects of Tanacetum balsamita Essential Oil and
One of Its Major Constituents (Quercetin) in Male Rats. Clin. Neurol. Neurosci. 2017, 1, 60-66. [CrossRef]

Khodayari, M.; Basti, A.A.; Khanjari, A.; Misaghi, A.; Kamkar, A.; Shotorbani, PM.; Hamedi, H. Effect of Poly(Lactic Acid)
Films Incorporated with Different Concentrations of Tanacetum balsamita Essential Oil, Propolis Ethanolic Extract and Cellulose
Nanocrystals on Shelf Life Extension of Vacuum-Packed Cooked Sausages. Food Packag. Shelf Life 2019, 19, 200-209. [CrossRef]
Vukic, M.D.; Vukovic, N.L.; Obradovic, A.D.; Galovi¢ov4, L.; Cmikova, N.; Kaddniova, M.; Matic, M.M. Chemical Composition and
Biological Activity of Tanacetum balsamita Essential Oils Obtained from Different Plant Organs. Plants 2022, 11, 3474. [CrossRef]
Servi, H.; Goren, N.; Sen, A_; Servi, E.Y. A New Eudesmanolide from Tanacetum balsamita L. and Biological Activities of Extracts.
Nat. Prod. Res. 2023, 37, 1338-1348. [CrossRef] [PubMed]

Marculescu, A.; Sand, C.; Barbu, C.H.; Bobit, D.; Hanganu, D. Possibilities of Influencing the Biosynthesis and Accumulation of
the Active Principles in Chrysanthemum balsamita L. Species. Rom. Biotechnol. Lett. 2001, 7, 577-584.

Kubo, I.; Jamalamadaka, V.; Kamikawa, T.; Takahashi, K.; Tabata, K.; Kusumi, T. Absolute Stereochemistry of Tanabalin, an Insect
Antifeedant Clerodane from Tanacetum balsamita. Chem. Lett. 1996, 25, 441-442. [CrossRef]


https://doi.org/10.1186/1746-4269-3-22
https://www.ncbi.nlm.nih.gov/pubmed/17480214
https://doi.org/10.17348/era.6.0.255-317
https://doi.org/10.1016/j.jep.2015.05.036
https://www.ncbi.nlm.nih.gov/pubmed/26031473
https://doi.org/10.1016/j.jep.2016.03.009
https://www.ncbi.nlm.nih.gov/pubmed/26965364
https://doi.org/10.1016/j.jep.2014.05.046
https://www.ncbi.nlm.nih.gov/pubmed/24910407
https://doi.org/10.1080/03235408.2013.785112
https://doi.org/10.1002/jps.3080270805
https://www.worldfloraonline.org/
https://doi.org/10.1080/10412905.2002.9699741
https://doi.org/10.1016/0031-9422(89)80194-3
https://doi.org/10.17660/ActaHortic.1992.306.19
https://doi.org/10.1002/cber.19751080503
https://doi.org/10.1021/jf990245z
https://www.ncbi.nlm.nih.gov/pubmed/10888559
https://doi.org/10.1021/jf0107656
https://www.ncbi.nlm.nih.gov/pubmed/11743783
https://doi.org/10.1177/1934578X0900400126
https://www.ncbi.nlm.nih.gov/pubmed/19370888
https://doi.org/10.11648/j.cnn.20170103.17
https://doi.org/10.1016/j.fpsl.2018.11.009
https://doi.org/10.3390/plants11243474
https://doi.org/10.1080/14786419.2021.2005594
https://www.ncbi.nlm.nih.gov/pubmed/34791965
https://doi.org/10.1246/cl.1996.441

Plants 2024, 13, 1652 17 of 20

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.
101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Nickavar, B.; Amin, G.; Mehregan, N. Quercetine, a Major Flavonol Aglycon from Tanacetum balsamita L. Iran. ]. Pharm. Res. 2003,
2,249-250.

Pukalskas, A.; Venskutonis, P.R.; Dijkgraaf, I.; van Beek, T.A. Isolation, Identification and Activity of Natural Antioxidants from
Costmary (Chrysanthemum balsamita) Cultivated in Lithuania. Food Chem. 2010, 122, 804-811. [CrossRef]

Ivashchenko, I.V. Chromatographic Analysis of Phenolic Compounds of Tanacetum balsamita L. (Asteraceae) under the Conditions
of Introduction in Zhytomir Pollissya. Plant Physiol. Genet. 2016, 48, 178-183. [CrossRef]

Ivashchenko, I.V. Antimicrobial Properties of Tanacetum balsamita L. (Asteraceae) Introduced in Ukrainian Polissya. Ukr. J. Ecol.
2017, 7, 52-57. [CrossRef] [PubMed]

Ahmadnejad-Asl-Gavgani, M.; Maham, M.; Dalair-Naghadeh, B. In Vitro Effects of Essential Oils of Tanacetum balsamita and
Carvone on the Contractility of Bovine Ileum Smooth Muscles. Vet. Res. Forum. 2022, 13, 29-37. [CrossRef] [PubMed]
Gevrenova, R.; Zengin, G.; Sinan, K.I.; Zheleva-Dimitrova, D.; Balabanova, V.; Kolmayer, M.; Voynikov, Y.; Joubert, O. An
In-Depth Study of Metabolite Profile and Biological Potential of Tanacetum balsamita L. (Costmary). Plants 2023, 12, 22. [CrossRef]
Gevrenova, R.; Balabanova, V.; Zheleva-Dimitrova, D.; Momekov, G. The Most Promising Southeastern European Tanacetum
Species: A Review of Chemical Composition and Biological Studies. Pharmacia 2023, 70, 1067-1081. [CrossRef]

Khatib, S.; Sobeh, M.; Faraloni, C.; Bouissane, L. Tanacetum Species: Bridging Empirical Knowledge, Phytochemistry, Nutritional
Value, Health Benefits and Clinical Evidence. Front. Pharmacol. 2023, 14, 1169629. [CrossRef] [PubMed]

Benedec, D.; Filip, L.; Vlase, L.; Bele, C.; Sevastre, B.; Raita, O.; Olah, N.-K.; Hanganu, D. In Vitro Study of Antioxidant Activity
and Phenolic Content of Chrysanthemum balsamita Varieties. Pak. ]. Pharm. Sci. 2016, 29, 1359-1364. [PubMed]

Derakhshani, Z.; Hassani, A.; Sadaghiani, M.H.R.; Hassanpouraghdam, M.B.; Khalifani, B.H.; Dalkani, M. Effect of Zinc
Application on Growth and Some Biochemical Characteristics of Costmary (Chrysanthemum balsamita L.). Commun. Soil Sci. Plant
Anal. 2011, 42, 2493-2503. [CrossRef]

Baczek, K.B.; Kosakowska, O.; Przyby}, J.L.; Piéro-Jabrucka, E.; Costa, R.; Mondello, L.; Gniewosz, M.; Synowiec, A.; Weglarz, Z.
Antibacterial and Antioxidant Activity of Essential Oils and Extracts from Costmary (Tanacetum balsamita L.) and Tansy (Tanacetum
vulgare L.). Ind. Crops Prod. 2017, 102, 154-163. [CrossRef]

Kubo, A.; Kubo, I. Antimicrobial Agents from Tanacetum balsamita. ]. Nat. Prod. 1995, 58, 1565-1569. [CrossRef]

Bagci, E.; Kursat, M.; Kocak, A.; Gur, S. Composition and Antimicrobial Activity of the Essential Oils of Tanacetum balsamita L.
subsp. balsamita and T. chiliophyllum (Fisch. et Mey.) Schultz Bip. var. chiliophyllum (Asteraceae) from Turkey. J. Essent. Oil Bear. PI.
2008, 11, 476-484. [CrossRef]

Bestmann, H.J.; Claien, B.; Kobold, U.; Vostrowsky, O. Pflanzliche Insektizide, III [1], Pyrethrin I Im Etherischen Ol von
Chrysanthemum balsamita L./Herbal Insecticides III [1]. Pyrethrin I in the Essential Oil of Chrysanthemum balsamita L. Z. fiir
Naturforschung C 1986, 41, 725-728. [CrossRef]

Sanz, A; Silvan, A.M.; Abad, M.].; Bermejo, P,; Villar, A.M. Anti-Inflammatory Activity of the Hexane Extract from Tanacetum
balsamita. Methods Find. Exp. Clin. Pharmacol. 1997, 19, 177.

Karaca, M.; Ozbek, H.; Akkan, H.; Tutuncu, M.; Ozgékge, F.; Him, A.; Bakir, B. Anti-Inflammatory Activities of Diethyl-Ether
Extracts of Helichrysum Plicatum DC. and Tanacetum balsamita L. in Rats. Asian ]. Anim. Vet. Adv. 2009, 4, 320-325. [CrossRef]
Yousefi, M.; Adineh, H.; Sedaghat, Z.; Yilmaz, S.; Elgabry, S.E. Effects of Dietary Costmary (Tanacetum balsamita) Essential Oil on
Growth Performance, Digestive Enzymes’ Activity, Inmune Responses and Subjected to Ambient Ammonia of Common Carp
Cyprinus Carpio. Aquaculture 2023, 569, 739347. [CrossRef]

Alberti, A.; Béni, S.; Lacké, E.; Riba, P,; Al-Khrasani, M.; Kéry, A. Characterization of Phenolic Compounds and Antinociceptive
Activity of Sempervivum tectorum L. Leaf Juice. ]. Pharm. Biomed. Anal. 2012, 70, 143-150. [CrossRef]

Bylund, D.; Norstrom, S.H.; Essén, S.A.; Lundstrom, U.S. Analysis of Low Molecular Mass Organic Acids in Natural Waters by
Ion Exclusion Chromatography Tandem Mass Spectrometry. J. Chromatogr. A 2007, 1176, 89-93. [CrossRef] [PubMed]
Felegyi-Toth, C.A.; Garadi, Z.; Darcsi, A.; Csernak, O.; Boldizsar, I.; Béni, S.; Alberti, A. Isolation and Quantification of
Diarylheptanoids from European Hornbeam (Carpinus betulus L.) and HPLC-ESI-MS/MS Characterization of Its Antioxidative
Phenolics. J. Pharm. Biomed. Anal. 2022, 210, 114554. [CrossRef] [PubMed]

Yur, S.; Tekin, M.; Goger, F.; Baser, KH.C.; Ozek, T,; Ozek, G. Composition and Potential of Tanacetum Haussknechtii Bornm.
Grierson as Antioxidant and Inhibitor of Acetylcholinesterase, Tyrosinase, and x-Amylase Enzymes. Int. J. Food Prop. 2017, 20,
52359-52378. [CrossRef]

Ouyang, H.; Fan, Y,; Wei, S.; Chang, Y.; He, J. Study on the Chemical Profile of Chrysanthemum (Chrysanthemum morifolium) and
the Evaluation of the Similarities and Differences between Different Cultivars. Chem. Biodivers. 2022, 19, €202200252. [CrossRef]
[PubMed]

Jaiswal, R.; Miiller, H.; Miiller, A.; Karar, M.G.E.; Kuhnert, N. Identification and Characterization of Chlorogenic Acids,
Chlorogenic Acid Glycosides and Flavonoids from Lonicera henryi L. (Caprifoliaceae) Leaves by LC-MSn. Phytochemistry 2014,
108, 252-263. [CrossRef] [PubMed]

Beelders, T.; De Beer, D.; Stander, M.A.; Joubert, E. Comprehensive Phenolic Profiling of Cyclopia genistoides (L.) Vent. by
LC-DAD-MS and -MS/MS Reveals Novel Xanthone and Benzophenone Constituents. Molecules 2014, 19, 11760-11790. [CrossRef]
[PubMed]


https://doi.org/10.1016/j.foodchem.2010.03.064
https://doi.org/10.15407/frg2016.02.178
https://doi.org/10.15421/20176
https://www.ncbi.nlm.nih.gov/pubmed/38079345
https://doi.org/10.30466/vrf.2021.521204.3118
https://www.ncbi.nlm.nih.gov/pubmed/35601771
https://doi.org/10.3390/plants12010022
https://doi.org/10.3897/pharmacia.70.e110748
https://doi.org/10.3389/fphar.2023.1169629
https://www.ncbi.nlm.nih.gov/pubmed/37153781
https://www.ncbi.nlm.nih.gov/pubmed/27592486
https://doi.org/10.1080/00103624.2011.609257
https://doi.org/10.1016/j.indcrop.2017.03.009
https://doi.org/10.1021/np50124a013
https://doi.org/10.1080/0972060X.2008.10643656
https://doi.org/10.1515/znc-1986-7-811
https://doi.org/10.3923/ajava.2009.320.325
https://doi.org/10.1016/j.aquaculture.2023.739347
https://doi.org/10.1016/j.jpba.2012.06.017
https://doi.org/10.1016/j.chroma.2007.10.064
https://www.ncbi.nlm.nih.gov/pubmed/18001753
https://doi.org/10.1016/j.jpba.2021.114554
https://www.ncbi.nlm.nih.gov/pubmed/34973466
https://doi.org/10.1080/10942912.2017.1370600
https://doi.org/10.1002/cbdv.202200252
https://www.ncbi.nlm.nih.gov/pubmed/35831709
https://doi.org/10.1016/j.phytochem.2014.08.023
https://www.ncbi.nlm.nih.gov/pubmed/25236695
https://doi.org/10.3390/molecules190811760
https://www.ncbi.nlm.nih.gov/pubmed/25105916

Plants 2024, 13, 1652 18 of 20

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

Jakabfi-Csepregi, R.; Alberti, A Felegyi-T6th, C.A.; Készegi, T.; Czigle, S.; Papp, N. A Comprehensive Study on Lathyrus tuberosus
L.: Insights into Phytochemical Composition, Antimicrobial Activity, Antioxidant Capacity, Cytotoxic, and Cell Migration Effects.
Plants 2024, 13, 232. [CrossRef] [PubMed]

Taamalli, A.; Arrdez-Roman, D.; Abaza, L.; Iswaldj, I.; Fernandez-Gutiérrez, A.; Zarrouk, M.; Segura-Carretero, A. LC-MS-Based
Metabolite Profiling of Methanolic Extracts from the Medicinal and Aromatic Species Mentha Pulegium and Origanum Majorana.
Phytochem. Anal. 2015, 26, 320-330. [CrossRef] [PubMed]

Kerebba, N.; Oyedeji, A.O.; Byamukama, R.; Kuria, S.K.; Oyedeji, O.0. UHPLC-ESI-QTOF-MS/MS Characterisation of Phenolic
Compounds from Tithonia diversifolia (Hemsl.) A. Gray and Antioxidant Activity. ChemistrySelect 2022, 7, e202104406. [CrossRef]
Martucci, M.E.P,; Vos, R.C.H.D.; Carollo, C.A.; Gobbo-Neto, L. Metabolomics as a Potential Chemotaxonomical Tool: Application
in the Genus Vernonia Schreb. PLoS ONE 2014, 9, €93149. [CrossRef]

Llorent-Martinez, E.J.; Spinola, V.; Gouveia, S.; Castilho, P.C. HPLC-ESI-MSn Characterization of Phenolic Compounds, Terpenoid
Saponins, and Other Minor Compounds in Bituminaria bituminosa. Ind. Crops Prod. 2015, 69, 80-90. [CrossRef]

Ezzat, M.L; El Gendy, S.N.; Saad, A.S.; Abdo, W.S.; EL Sayed, A.M.; ElImotayam, A.K. Secondary Metabolites from Lantana Camara
L. Flowers Extract Exhibit in vivo Anti-Urolithiatic Activity in Adult Wistar Albino Rats. Nat. Prod. Res. 2020, 36, 1115-1117.
[CrossRef] [PubMed]

Deng, J.; Fan, C.; Jiang, Z.; Ye, W.; Yang, Y. Quality Assessment and Origin Tracing of Guangdong Liangcha Granules Using Direct
Mass Spectrometry Fingerprinting. Anal. Methods 2012, 4, 3638-3645. [CrossRef]

Té6th, G.; Alberti, A.; Sélyomvary, A.; Barabas, C.; Boldizsar, I.; Noszal, B. Phenolic Profiling of Various Olive Bark-Types and
Leaves: HPLC-ESI/MS Study. Ind. Crops Prod. 2015, 67, 432-438. [CrossRef]

Kabbash, E.M.; Abdel-Shakour, Z.T.; El-Ahmady, S.H.; Wink, M.; Ayoub, .M. Comparative Metabolic Profiling of Olive Leaf
Extracts from Twelve Different Cultivars Collected in Both Fruiting and Flowering Seasons. Sci. Rep. 2023, 13, 612. [CrossRef]
Cao, J.; Yin, C.; Qin, Y,; Cheng, Z.; Chen, D. Approach to the Study of Flavone Di-C-Glycosides by High Performance Liquid
Chromatography-Tandem Ion Trap Mass Spectrometry and Its Application to Characterization of Flavonoid Composition in
Viola Yedoensis. . Mass Spectrom. 2014, 49, 1010-1024. [CrossRef] [PubMed]

Qiao, X,; Li, R.; Song, W.; Miao, W.; Liu, ].; Chen, H.; Guo, D.; Ye, M. A Targeted Strategy to Analyze Untargeted Mass Spectral
Data: Rapid Chemical Profiling of Scutellaria Baicalensis Using Ultra-High Performance Liquid Chromatography Coupled with
Hybrid Quadrupole Orbitrap Mass Spectrometry and Key Ion Filtering. J. Chromatogr. A 2016, 1441, 83-95. [CrossRef]

Bystrom, L.M.; Lewis, B.A.; Brown, D.L.; Rodriguez, E.; Obendorf, R.L. Characterisation of Phenolics by LC-UV /Vis, LC-MS/MS
and Sugars by GC in Melicoccus Bijugatus Jacq. ‘Montgomery’ Fruits. Food Chem. 2008, 111, 1017-1024. [CrossRef]

Gevrenova, R.; Zheleva-Dimitrova, D.; Balabanova, V.; Voynikov, Y.; Sinan, K.I.; Mahomoodally, M.F,; Zengin, G. Integrated
Phytochemistry, Bio-Functional Potential and Multivariate Analysis of Tanacetum macrophyllum (Waldst. & Kit.) Sch.Bip. and
Telekia Speciosa (Schreb.) Baumg. (Asteraceae). Ind. Crops Prod. 2020, 155, 112817. [CrossRef]

Venditti, A.; Frezza, C.; Sciubba, E; Serafini, M.; Bianco, A.; Cianfaglione, K.; Lupidi, G.; Quassinti, L.; Bramucci, M.; Maggi, F.
Volatile Components, Polar Constituents and Biological Activity of Tansy Daisy (Tanacetum macrophyllum (Waldst. et Kit.) Schultz
Bip.). Ind. Crops Prod. 2018, 118, 225-235. [CrossRef]

Clifford, M.N.; Johnston, K.L.; Knight, S.; Kuhnert, N. Hierarchical Scheme for LC-MSn Identification of Chlorogenic Acids. J.
Agric. Food Chem. 2003, 51, 2900-2911. [CrossRef] [PubMed]

Murakami, S.; Takahara, H.; Shiraiwa, M. Purification and Characterization of Three Neutral Extracellular Isoperoxidases from
Rye Leaves. Phytochemistry 2007, 68, 777-784. [CrossRef] [PubMed]

Osman, S.M.; El Kashak, W.A.; Wink, M.; El Raey, M.A. New Isorhamnetin Derivatives from Salsola imbricata Forssk. Leaves with
Distinct Anti-Inflammatory Activity. Pharmacogn. Mag. 2016, 12, S47-S51. [CrossRef] [PubMed]

Marczak, L.; Znajdek-Awizen, P.; Bylka, W. The Use of Mass Spectrometric Techniques to Differentiate Isobaric and Isomeric
Flavonoid Conjugates from Axyris amaranthoides. Molecules 2016, 21, 1229. [CrossRef] [PubMed]

Shao, S.-Y,; Ting, Y.; Wang, J.; Sun, J.; Guo, X.-F. Characterization and Identification of the Major Flavonoids in Phyllostachys
Edulis Leaf Extract by UPLC-QTOF-MS/MS. Acta Chromatogr. 2020, 32, 228-237. [CrossRef]

Waridel, P.; Wolfender, J.-L.; Ndjoko, K.; Hobby, K.R.; Major, H.].; Hostettmann, K. Evaluation of Quadrupole Time-of-Flight
Tandem Mass Spectrometry and Ion-Trap Multiple-Stage Mass Spectrometry for the Differentiation of C-Glycosidic Flavonoid
Isomers. . Chromatogr. A 2001, 926, 29-41. [CrossRef] [PubMed]

Clifford, M.N.; Wu, W.; Kirkpatrick, J.; Kuhnert, N. Profiling the Chlorogenic Acids and Other Caffeic Acid Derivatives of Herbal
Chrysanthemum by LC—MSn. J. Agric. Food Chem. 2007, 55, 929-936. [CrossRef] [PubMed]

Alberti, A.; Riethmiiller, E.; Béni, S.; Kéry, A. Evaluation of Radical Scavenging Activity of Sempervivum tectorum and Corylus
avellana Extracts with Different Phenolic Composition. Nat. Prod. Commun. 2016, 11, 1934578X1601100412. [CrossRef]

Ak, G.; Gevrenova, R;; Sinan, K.I; Zengin, G.; Zheleva, D.; Mahomoodally, M.E; Senkardes, I.; Brunetti, L.; Leone, S.; Di Simone,
S.C.; et al. Tanacetum vulgare L. (Tansy) as an Effective Bioresource with Promising Pharmacological Effects from Natural Arsenal.
Food Chem. Toxicol. 2021, 153, 112268. [CrossRef]

Zengin, G.; Mahomoodally, M.E,; Paksoy, M.Y.; Picot-Allain, C.; Glamocilja, J.; Sokovic, M.; Diuzheva, A ; Jekd, J.; Czidky, Z,;
Rodrigues, M.J.; et al. Phytochemical Characterization and Bioactivities of Five Apiaceae Species: Natural Sources for Novel
Ingredients. Ind. Crops Prod. 2019, 135, 107-121. [CrossRef]


https://doi.org/10.3390/plants13020232
https://www.ncbi.nlm.nih.gov/pubmed/38256785
https://doi.org/10.1002/pca.2566
https://www.ncbi.nlm.nih.gov/pubmed/25982347
https://doi.org/10.1002/slct.202104406
https://doi.org/10.1371/journal.pone.0093149
https://doi.org/10.1016/j.indcrop.2015.02.014
https://doi.org/10.1080/14786419.2020.1853726
https://www.ncbi.nlm.nih.gov/pubmed/33342292
https://doi.org/10.1039/C2AY25651G
https://doi.org/10.1016/j.indcrop.2015.01.077
https://doi.org/10.1038/s41598-022-27119-5
https://doi.org/10.1002/jms.3413
https://www.ncbi.nlm.nih.gov/pubmed/25303391
https://doi.org/10.1016/j.chroma.2016.02.079
https://doi.org/10.1016/j.foodchem.2008.04.058
https://doi.org/10.1016/j.indcrop.2020.112817
https://doi.org/10.1016/j.indcrop.2018.03.056
https://doi.org/10.1021/jf026187q
https://www.ncbi.nlm.nih.gov/pubmed/12720369
https://doi.org/10.1016/j.phytochem.2006.11.015
https://www.ncbi.nlm.nih.gov/pubmed/17266998
https://doi.org/10.4103/0973-1296.176110
https://www.ncbi.nlm.nih.gov/pubmed/27041858
https://doi.org/10.3390/molecules21091229
https://www.ncbi.nlm.nih.gov/pubmed/27657025
https://doi.org/10.1556/1326.2019.00688
https://doi.org/10.1016/S0021-9673(01)00806-8
https://www.ncbi.nlm.nih.gov/pubmed/11554416
https://doi.org/10.1021/jf062314x
https://www.ncbi.nlm.nih.gov/pubmed/17263495
https://doi.org/10.1177/1934578X1601100412
https://doi.org/10.1016/j.fct.2021.112268
https://doi.org/10.1016/j.indcrop.2019.04.033

Plants 2024, 13, 1652 19 of 20

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

Marczak, L.; Stobiecki, M.; Jasiriski, M.; Oleszek, W.; Kachlicki, P. Fragmentation Pathways of Acylated Flavonoid Diglucuronides
from Leaves of Medicago truncatula. Phytochem. Anal. 2010, 21, 224-233. [CrossRef] [PubMed]

Li, Y;; Yang, P; Luo, Y.; Gao, B.; Sun, J.; Lu, W,; Liu, J.; Chen, P; Zhang, Y.; Yu, L. (Lucy) Chemical Compositions of Chrysanthemum
Teas and Their Anti-Inflammatory and Antioxidant Properties. Food Chem. 2019, 286, 8-16. [CrossRef] [PubMed]

Lin, L.-Z.; Harnly, J.M. Identification of the Phenolic Components of Chrysanthemum Flower (Chrysanthemum morifolium Ramat).
Food Chem. 2010, 120, 319-326. [CrossRef]

Végh, K,; Riethmdiller, E.; Hossz, L.; Darcsi, A.; Miiller, J.; Alberti, A.; Téth, A.; Béni, S.; Konczol, A.; Balogh, G.T.; et al. Three
Newly Identified Lipophilic Flavonoids in Tanacetum parthenium Supercritical Fluid Extract Penetrating the Blood-Brain Barrier. J.
Pharm. Biomed. Anal. 2018, 149, 488-493. [CrossRef] [PubMed]

Clifford, M.N.; Knight, S.; Kuhnert, N. Discriminating between the Six Isomers of Dicaffeoylquinic Acid by LC-MSn. ]. Agric.
Food Chem. 2005, 53, 3821-3832. [CrossRef] [PubMed]

Wu, C.; Chen, F; Wang, X.; Wu, Y.; Dong, M.; He, G.; Galyean, R.D.; He, L.; Huang, G. Identification of Antioxidant Phenolic
Compounds in Feverfew (Tanacetum parthenium) by HPLC-ESI-MS/MS and NMR. Phytochem. Anal. 2007, 18, 401-410. [CrossRef]
[PubMed]

Cuyckens, E; Claeys, M. Mass Spectrometry in the Structural Analysis of Flavonoids. ]. Mass Spectrom. 2004, 39, 1-15. [CrossRef]
[PubMed]

Marzouk, M.M.; Hussein, S.R.; Elkhateeb, A.; El-shabrawy, M.; Abdel-Hameed, E.-S.S.; Kawashty, S.A. Comparative Study of
Mentha Species Growing Wild in Egypt: LC-ESI-MS Analysis and Chemosystematic Significance. J. Appl. Pharm. Sci. 2018, 8,
116-122. [CrossRef]

Achour, M.; Mateos, R.; Ben Fredj, M.; Mtiraoui, A.; Bravo, L.; Saguem, S. A Comprehensive Characterisation of Rosemary Tea
Obtained from Rosmarinus officinalis L. Collected in a Sub-Humid Area of Tunisia. Phytochem. Anal. 2018, 29, 87-100. [CrossRef]
[PubMed]

Baranauskiené, R.; Kazernaviciaite, R.; Pukalskiené, M.; MazdZierieng, R.; Venskutonis, P.R. Agrorefinery of Tanacetum vulgare L.
into Valuable Products and Evaluation of Their Antioxidant Properties and Phytochemical Composition. Ind. Crops Prod. 2014, 60,
113-122. [CrossRef]

Lai, J.-P.; Lim, Y.H.; Su, J.; Shen, H.-M.; Ong, C.N. Identification and Characterization of Major Flavonoids and Caffeoylquinic
Acids in Three Compositae Plants by LC/DAD-APCI/MS. J. Chromatogr. B 2007, 848, 215-225. [CrossRef]

Jaiswal, R.; Patras, M.A.; Eravuchira, PJ.; Kuhnert, N. Profile and Characterization of the Chlorogenic Acids in Green Robusta
Coffee Beans by LC-MSn: Identification of Seven New Classes of Compounds. J. Agric. Food Chem. 2010, 58, 8722-8737. [CrossRef]
Jaiswal, R.; Kuhnert, N. Hierarchical Scheme for Liquid Chromatography/Multi-Stage Spectrometric Identification of 3,4,5-Triacyl
Chlorogenic Acids in Green Robusta Coffee Beans. Rapid Commun. Mass Spectrom. 2010, 24, 2283-2294. [CrossRef]
Sanchez-Rabaneda, F.; Jauregui, O.; Lamuela-Raventés, R.M.; Viladomat, F,; Bastida, J.; Codina, C. Qualitative Analysis of
Phenolic Compounds in Apple Pomace Using Liquid Chromatography Coupled to Mass Spectrometry in Tandem Mode. Rapid
Commun. Mass Spectrom. 2004, 18, 553-563. [CrossRef]

Sanchez-Rabaneda, F.; Jduregui, O.; Casals, I.; Andrés-Lacueva, C.; Izquierdo-Pulido, M.; Lamuela-Raventés, R.M. Liquid
Chromatographic/Electrospray Ionization Tandem Mass Spectrometric Study of the Phenolic Composition of Cocoa (Theobroma
cacao). J. Mass Spectrom. 2003, 38, 35-42. [CrossRef]

Kachlicki, P; Piasecka, A.; Stobiecki, M.; Marczak, L. Structural Characterization of Flavonoid Glycoconjugates and Their
Derivatives with Mass Spectrometric Techniques. Molecules 2016, 21, 1494. [CrossRef]

Konczol, A.; Miiller, J.; Foldes, E.; Béni, Z.; Végh, K.; Kéry, A Balogh, G.T. Applicability of a Blood—Brain Barrier Specific Artificial
Membrane Permeability Assay at the Early Stage of Natural Product-Based CNS Drug Discovery. J. Nat. Prod. 2013, 76, 655-663.
[CrossRef]

Borza, A. Dictionar Etnobotanic; Editura Academiei Republicii Socialiste Romania: Bucuresti, Romania, 1968.

Williams, C.A.; Harborne, J.B.; Eagles, J. Variations in Lipophilic and Polar Flavonoids in the Genus Tanacetum. Phytochemistry
1999, 52, 1301-1306. [CrossRef]

Rusu, M.A.; Tamas, M.; Puica, C.; Roman, I.; Sabadas, M. The Hepatoprotective Action of Ten Herbal Extracts in CCl4 Intoxicated
Liver. Phytother. Res. 2005, 19, 744-749. [CrossRef]

Jari¢, S.; Macukanovic¢-Joci¢, M.; Djurdjevi¢, L.; Mitrovi¢, M.; Kosti¢, O.; KaradZi¢, B.; Pavlovi¢, P. An Ethnobotanical Survey of
Traditionally Used Plants on Suva Planina Mountain (South-Eastern Serbia). J. Ethnopharmacol. 2015, 175, 93-108. [CrossRef]
Varga, E.; Orbéan, K,; Finta, A.; Kursinszki, L.; Domokos, E. Phytochemical Analysis of Chrysanthemum balsamita Var. Tanacetoides.
Acta Pharm. Hung. 2018, 88, 244-248.

Devrnja, N.; Andelkovi¢, B.; Arandelovi¢, S.; Radulovi¢, S.; Sokovi¢, M.; Krsti¢-MiloSevi¢, D.; Risti¢, M.; Cali¢, D. Comparative
Studies on the Antimicrobial and Cytotoxic Activities of Tanacetum vulgare L. Essential Oil and Methanol Extracts. S. Afr. J. Bot.
2017, 111, 212-221. [CrossRef]


https://doi.org/10.1002/pca.1189
https://www.ncbi.nlm.nih.gov/pubmed/19950391
https://doi.org/10.1016/j.foodchem.2019.02.013
https://www.ncbi.nlm.nih.gov/pubmed/30827670
https://doi.org/10.1016/j.foodchem.2009.09.083
https://doi.org/10.1016/j.jpba.2017.11.029
https://www.ncbi.nlm.nih.gov/pubmed/29182998
https://doi.org/10.1021/jf050046h
https://www.ncbi.nlm.nih.gov/pubmed/15884803
https://doi.org/10.1002/pca.995
https://www.ncbi.nlm.nih.gov/pubmed/17624900
https://doi.org/10.1002/jms.585
https://www.ncbi.nlm.nih.gov/pubmed/14760608
https://doi.org/10.7324/JAPS.2018.8816
https://doi.org/10.1002/pca.2717
https://www.ncbi.nlm.nih.gov/pubmed/28895237
https://doi.org/10.1016/j.indcrop.2014.05.047
https://doi.org/10.1016/j.jchromb.2006.10.028
https://doi.org/10.1021/jf1014457
https://doi.org/10.1002/rcm.4639
https://doi.org/10.1002/rcm.1370
https://doi.org/10.1002/jms.395
https://doi.org/10.3390/molecules21111494
https://doi.org/10.1021/np300882f
https://doi.org/10.1016/S0031-9422(99)00425-2
https://doi.org/10.1002/ptr.1625
https://doi.org/10.1016/j.jep.2015.09.002
https://doi.org/10.1016/j.sajb.2017.03.028

Plants 2024, 13, 1652 20 of 20

160. Ivanescu, B.; Tuchilus, C.; Corciova, A.; Lungu, C.; Mihai, C.T.; Gheldiu, A.-M.; Vlase, L. Antioxidant, Antimicrobial and Cytotoxic
Activity of Tanacetum vulgare, Tanacetum corymbosum and Tanacetum macrophyllum Extracts. Farmacia 2018, 66, 282-288.

161. Avdeef, A. Permeability-PAMPA. In Absorption and Drug Development; John Wiley & Sons, Ltd.: Hoboken, NJ, USA, 2012; pp.
319-498. ISBN 978-1-118-28606-7.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



	Introduction 
	Results 
	Ethnobotanical Data in Selected Areas in Transylvania 
	Qualitative Analysis of Phenolic Compounds with UHPLC-DAD-ESI-MS/MS 
	Flavonoid Derivatives 
	Hydroxycinnamic Acid Derivatives 
	Other Constituents 

	Parallel Artificial Membrane Permeability Assay (PAMPA) 

	Discussion 
	Materials and Methods 
	Ethnobotanical Survey and Research Areas 
	Plant Material and Sample Preparation 
	Reagent and Chemicals 
	Phytochemical Analyses by Ultrahigh-Performance Liquid Chromatography (UHPLC) Coupled to Diode-Array Detector (DAD) and Mass Spectrometry (MS) 
	UHPLC Conditions 
	MS Conditions 

	Parallel Artificial Membrane Permeability Assay (PAMPA) 

	Conclusions 
	References

