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Abstract: Marigold (Calendula officinalis L.) is one of the most common and widespread plants used
medicinally all over the world. The present study aimed to evaluate the anti-acetylcholinesterase
activity of marigold flowers, detect the compounds responsible and perform chemical analysis of
marigold commercial products. Analysis of 23 varieties of C. officinalis flowers introduced into
Siberia allowed us to select the Greenheart Orange variety due to the superior content of flavonoids
(46.87 mg/g) and the highest inhibitory activity against acetylcholinesterase (IC50 63.52 µg/mL).
Flavonoids, isorhamnetin and quercetin derivatives were revealed as potential inhibitors with
the application of high-performance liquid chromatography (HPLC) activity-based profiling.
Investigation of the inhibitory activity of isorhamnetin glycosides demonstrated the maximal
potency for isorhamnetin-3-O-(2′ ′,6′ ′-di-acetyl)-glucoside (IC50 51.26 µM) and minimal potency for
typhaneoside (isorhamnetin-3-O-(2′ ′,6′ ′-di-rhamnosyl)-glucoside; IC50 94.92 µM). Among quercetin
derivatives, the most active compound was quercetin-3-O-(2′ ′,6′ ′-di-acetyl)-glucoside (IC50 36.47 µM),
and the least active component was manghaslin (quercetin-3-O-(2′ ′,6′ ′-di-rhamnosyl)-glucoside; IC50

94.92 µM). Some structure-activity relationships were discussed. Analysis of commercial marigold
formulations revealed a reduced flavonoid content (from 7.18–19.85 mg/g) compared with introduced
varieties. Liquid extract was the most enriched preparation, characterized by 3.10 mg/mL of total
flavonoid content, and infusion was the least enriched formulation (0.41 mg/mL). The presented
results suggest that isorhamnetin and quercetin and its glycosides can be considered as potential
anti-acetylcholinesterase agents.

Keywords: Calendula officinalis; marigold; acetylcholinesterase inhibition; quercetin; isorhamnetin;
HPLC

1. Introduction

Cognitive-mental deficiency is one of the key signs of the disturbances of higher nervous activity
in many disease states, including neurodegenerative diseases such as Alzheimer’s disease (AD),
Parkinson’s disease, neuroinfections and others. The clinical picture of cognitive mnestic deficits
manifests in disturbance of concentration, a decrease in motivation and malfunction of abstract and
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logical thinking, as well as different versions of memory disorders [1]. In some cases, this pathology
progresses steadily and leads to severe disability of patients; in other cases, it is a slow progressive
process, and therefore, the recovery of patients’ working capacity stretches on for months or even
years. In this regard, effective correction of cognitive and mnestic disorders is not only a medical,
but also a social problem. The creation of new drugs that contribute to the restoration of thinking and
memory is an urgent direction of investigations in the field of neuropharmacology.

The modern strategy of developing drugs for the correction of cognitive mnestic impairments
is based on the molecular mechanisms of brain function and the nature of their violation in
specific pathological states [2]. At the same time, mnestic deficits of any origin have a number
of common pathogenic reasons and mechanisms of development. In this regard, changes in cholinergic
transmission among biochemical disorders occupy a special place. These changes are associated
with the loss of cholinergic neurons, malfunction of acetylcholine production or its release and
downregulation of cholinergic receptors. The currently available information indicates that the
regulation of cholinergic neurotransmission is an effective tool for reducing the side effects caused by
the expression of mnestic deficits. In this way, the prescription of acetylcholinesterase inhibitors is one
of the possible pharmacological approaches for the treatment of these disorders [3,4].

Inhibition of acetylcholinesterase is the most effective therapeutic approach to the restoration of
the cholinergic system in patients with cognitive mnestic impairments. Some herbal medicines such as
rivastigmine or galantamine, which inhibit acetylcholinesterase may be applied for the treatment of
early stages of AD since these compounds increase the level of endogenous acetylcholine and thus
enhance cholinergic neurotransmission [1].

According to the literature data, the availability of anti-cholinesterase activity has been
demonstrated for more than 300 natural compounds such as: alkaloids (53%), monoterpenes (10%),
coumarins (7%), triterpenes (6.5%), flavonoids (5%), simple phenols (5%) and others [5]. Despite the
efficacy of alkaloid and terpene compounds in the process of acetylcholinesterase inhibition, their wide
application in medical therapy is limited due to the presence of toxic properties. In contrast, natural
low molecular phenolic compounds (LMPC) such as flavonoids, xanthones and phenylpropanoids
do not possess this side effect and can be used in long-term therapy of diseases. The data on the
impact of LMPC on acetylcholinesterase activity are insufficient; moreover, there are no data on
advanced structural-functional investigations and the structural features causing the presence of the
anti-cholinesterase activity of these compounds. These circumstances suggest that the investigation of
LMPC of natural origin for the presence of anti-cholinesterase activity is of great practical interest.

Early investigations of Calendula officinalis have shown that extracts of this plant species have
an inhibitory effect on acetyl- and butyrylcholinesterase [6]. Methanol extract from the flowers of
C. officinalis revealed the most pronounced activity. Determination of the compounds responsible for
this activity was not carried out, and therefore, the mechanism of the inhibitory effect of C. officinalis
on cholinesterase is unclear.

It should be noted that C. officinalis extracts exhibit a wide spectrum of biological activity on
the central and peripheral nervous system. In particular, the protective effect of C. officinalis extracts
against neurotoxic oxidative stress induced by monosodium glutamate (MSG) and excitotoxic brain
damage was previously shown [7]. Treatment with the extract significantly attenuated behavioral
alterations, oxidative stress and hippocampal damage in MSG-treated animals. C. officinalis extract
exhibited analgetic activity on a model of an acetic acid-induced writhing test [8]. The application of
the extract in doses of 100–300 mg/kg significantly increased the tail flick latency. The aqueous ethanol
extract from C. officinalis flowers showed both spasmogenic and spasmolytic effects through calcium
channel blocking and cholinergic activity [9]. High doses of C. officinalis extract may have sedative
effects and increase sleep time [10]. The data about low acute and subchronic toxicity of C. officinalis
extracts [11] allows us to consider that C. officinalis extract is a prospective neuropharmacological
remedy for the treatment of a wide range of diseases.
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The present research is aimed at chemical examination of 23 varieties of C. officinalis flowers
introduced into Siberia and determination of their acetylcholinesterase inhibiting activity, detection of
the most active compounds responsible for the manifestation of anti-acetylcholinesterase activity with
the use of high-performance liquid chromatography (HPLC) activity-based profiling and revealing the
active compound content in marigold flower commercial samples.

2. Results and Discussion

2.1. Chemical Composition and Anti-Acetylcholinesterase Potential of 23 Varieties of C. officinalis Flowers

Based on known data of the chemical composition of C. officinalis flowers, we investigated
the most evident correlations between the parameters of compound content and the values of
anti-acetylcholinesterase inhibition. For this purpose, the total extracts of flowers of 23 varieties of
C. officinalis introduced into Siberia were analyzed to determine the content of essential oil, carotenoids,
triterpenoids, flavonoids, phenylpropanoids and polysaccharides, as well as the index of 50% inhibition
of acetylcholinesterase in in vitro experiments (Table 1).

Table 1. Chemical composition and anti-acetylcholinesterase activity (AChA) of total extracts of 23
varieties of C. officinalis flowers (mg/g dry weight (DW) ± standard deviation (SD)) 1.

Variety Essential Oil Carotenoids Triterpenes Flavonoids Phenylpropanoids Polysaccharides AChA, IC50, µg/mL

Amber Bay 1.12 ± 0.04 4.12 ± 0.10 25.17 ± 0.48 18.53 ± 0.42 19.45 ± 0.33 30.27 ± 0.48 133.9 ± 4.3
Big Orange 2.65 ± 0.12 6.56 ± 0.17 39.11 ± 0.82 26.79 ± 0.56 18.54 ± 0.35 35.62 ± 0.64 123.7 ± 3.8

Cardinal 0.32 ± 0.01 8.29 ± 0.19 27.63 ± 0.50 12.65 ± 0.29 25.09 ± 0.40 25.11 ± 0.50 197.2 ± 6.5
Egypt Sun 1.82 ± 0.09 5.47 ± 0.12 65.70 ± 1.31 19.24 ± 0.38 7.30 ± 0.14 39.16 ± 0.67 123.8 ± 4.2

Fiesta 1.43 ± 0.05 10.35 ± 0.27 37.16 ± 0.71 16.35 ± 0.38 15.17 ± 0.27 42.54 ± 0.68 152.4 ± 5.2
Flame Dancer 2.93 ± 0.12 7.59 ± 0.20 10.28 ± 0.19 10.52 ± 0.24 22.63 ± 0.41 11.97 ± 0.22 187.2 ± 6.2

Gavrish 2.20 ± 0.10 5.22 ± 0.12 12.04 ± 0.24 29.37 ± 0.67 20.01 ± 0.36 28.14 ± 0.59 104.2 ± 3.2
Geisha Girl 2.55 ± 0.12 6.97 ± 0.16 20.33 ± 0.43 20.11 ± 0.44 24.16 ± 0.56 22.67 ± 0.43 137.3 ± 4.5

Gitana Orange 0.93 ± 0.04 6.31 ± 0.15 20.16 ± 0.44 32.54 ± 0.75 4.93 ± 0.09 19.27 ± 0.39 125.2 ± 4.3
Golden Imperator 1.12 ± 0.05 4.09 ± 0.11 42.82 ± 0.86 26.68 ± 0.62 33.47 ± 0.60 17.06 ± 0.34 153.9 ± 5.5

Golden Prince 2.43 ± 0.12 3.31 ± 0.09 14.15 ± 0.25 25.14 ± 0.58 6.07 ± 0.12 23.69 ± 0.50 161.9 ± 5.5
Green Heart Orange 0.89 ± 0.04 8.61 ± 0.22 15.80 ± 0.25 46.87 ± 1.03 30.24 ± 0.51 39.02 ± 0.70 63.5 ± 2.1

Honey Cardinal 1.03 ± 0.04 7.22 ± 0.15 30.70 ± 0.52 37.18 ± 0.78 26.12 ± 0.52 44.15 ± 0.79 105.2 ± 3.6
Indian Prince 1.47 ± 0.07 5.14 ± 0.11 37.93 ± 0.72 17.25 ± 0.36 18.69 ± 0.39 25.10 ± 0.40 169.5 ± 6.1

Jiga-Jiga 3.04 ± 0.15 5.22 ± 0.15 16.72 ± 0.27 11.67 ± 0.23 8.53 ± 0.14 27.82 ± 0.45 223.9 ± 7.6
Lemon Juice 2.47 ± 0.10 5.67 ± 0.14 53.74 ± 1.07 21.38 ± 0.49 25.84 ± 0.52 19.82 ± 0.36 150.1 ± 5.4
Orange Balls 1.45 ± 0.06 7.14 ± 0.17 25.37 ± 0.51 19.53 ± 0.43 11.47 ± 0.21 16.37 ± 0.31 179.5 ± 5.7
Orange King 1.39 ± 0.05 8.26 ± 0.22 53.41 ± 1.07 16.38 ± 0.33 16.72 ± 0.35 38.25 ± 0.77 202.4 ± 7.3

Radio 1.81 ± 0.09 5.98 ± 0.14 61.37 ± 1.29 18.42 ± 0.40 10.83 ± 0.22 22.16 ± 0.42 133.6 ± 4.5
Red Black Centered 2.12 ± 0.11 6.77 ± 0.15 11.39 ± 0.23 16.34 ± 0.32 8.42 ± 0.17 20.38 ± 0.37 175.3 ± 6.3

Rose Surprise 0.73 ± 0.03 11.39 ± 0.29 33.44 ± 0.54 19.63 ± 0.39 29.06 ± 0.64 11.09 ± 0.22 122.2 ± 4.5
Touch of Red 1.64 ± 0.07 2.63 ± 0.06 35.25 ± 0.60 28.16 ± 0.54 28.24 ± 0.48 15.23 ± 0.30 105.6 ± 3.3
Tutti-Frutti 1.73 ± 0.08 9.23 ± 0.23 28.16 ± 0.45 18.37 ± 0.42 18.28 ± 0.29 18.09 ± 0.36 169.8 ± 5.8

1 Averages± standard deviation were obtained from five different experiments. Reference compounds: neostigmine
(positive control; active, IC50 = 0.75 ± 0.01 µg/mL), NaCl (negative control; inactive).

The total essential oil content in the varieties analyzed was from 0.32 (Cardinal) to 3.04 mg/g
(Jiga-Jiga) dry extract weight. Variations of carotenoid and triterpene content were 2.63 (Touch of Red)
to 11.39 mg/g (Rose Surprise) and 10.28 (Flame Dancer) to 65.70 mg/g (Egypt Sun), respectively. The
basic phenolic groups of total extracts of C. officinalis flowers were flavonoids and phenylpropanoids
with content values of 10.52 (Jiga-Jiga) to 46.87 mg/g (Greenheart Orange) and 6.07 (Golden Prince)
to 33.47 mg/g (Golden Imperator), respectively. The concentration of polysaccharide components in
C. officinalis flowers extracts varied from 11.09 (Rose Surprise) to 44.15 mg/g (Honey Cardinal).

Available data about the quantitative chemical composition of C. officinalis describes the content
of essential oil, carotenoids, triterpenoids and flavonoids. Essential oil as a minor component is
present in C. officinalis flowers at values of 1.0 mg/g (Brazil) [12], 1.0–2.7 mg/g (Egypt) [13] and
1.3–9.7 mg/g (South Africa) [14]. The carotenoid concentration in C. officinalis flowers may vary in
a wide range: 0.25–2.17 mg/g (Italy) [15]), 0.4–2.76 mg/g (Romania) [16], 1.0–1.7 mg/g (Japan) [17],
2.0–35.1 mg/g (Estonia) [18]. The triterpenoid content of C. officinalis flowers may reach levels of
20 mg/g (Germany) [19], 20.53 mg/g (Poland) [20] or 25.98–40.82 mg/g (Italy) [21]. Previously
declared data about the content of flavonoids in C. officinalis flowers collected in different places
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were 2.1–6.8 mg/g (Estonia) [22], 2.5–8.8 mg/g (Bratislava) [23], 6.3–7.9 mg/g (Brazil) [24] and
18.3–36.3 mg/g (Italy) [15]. This demonstrates the good ability of the Siberian cultivars of C. officinalis
to concentrate the bioactive components in flowers.

The range of acetylcholinesterase inhibitory value (IC50) of total extracts of 23 varieties of
C. officinalis flowers was from 223.9 µg/mL for the least effective sample, the Jiga-Jiga variety, to
63.5 µg/mL for the most active sample, the Greenheart Orange variety. The inhibitory activity of a
Turkish sample of C. officinalis was lower, reaching 22.37% at a dose of 1000 µg/mL for methanolic
extract [6]. To understand the correlation among all of the studied chemical parameters and biological
potential, linear regression analysis was used (Figure 1). The highest correlation was observed
between total flavonoid content and anti-acetylcholinesterase activity (r2 = 0.6717). No other class
of phytocomponents demonstrated appropriate correlations due to the low r2 value: essential oil
(0.0601), carotenoids (0.0018), triterpenoids (0.0023), phenylpropanoids (0.1152) and polysaccharides
(0.0603). Previously, flavonoids were demonstrated to have good correlative dependency with the
anti-acetylcholinesterase activity of natural extracts of Smallanthus sonchifolius [25], propolis [26] and
Garcinia parvifolia [27].
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collected from a single separation. Compounds: 1, 3-О-сaffeoylquinic acid; 2, caffeic acid; 3, 
manghaslin; 4, calendoflavobioside; 5, typhaneoside; 6, rutin; 7, isoquercitrin; 8, 
quercetin-3-О-(2′′-ramnosyl)-rhamnoside; 9, calendoflavoside; 10, 3,5-di-O-caffeoylquinic acid; 11, 
quercetin-3-О-(6′′-acetyl)-glucoside; 12, 1,5-di-O-caffeoylquinic acid; 13, narcissin; 14, 
isorhamnetin-3-О-glucoside; 15, calendoflaside; 16, 4,5-di-O-caffeoylquinic acid; 17, 
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The flavonoids were both quercetin (3,5,7,3′,4′-pentahydroxyflavone) and isorhamnetin  
(3,5,7,4′-tetrahydroxy-3′-methoxyflavone) derivatives, all in the form of glycosides. The sugar 
components were various combinations of glucose and rhamnose such as 3-O-glucosides 

Figure 1. Correlation graphs (dashed lines) between total content of essential oil (a), carotenoids (b),
triterpenoids (c), flavonoids (d), phenylpropanoids (e) and polysaccharides (f) (mg/g) in total extracts
of flowers of 23 varieties of C. officinalis and their anti-acetylcholinesterase activity value (AChA; IC50,
µg/mL). Reference compounds: neostigmine (positive control; active, IC50 = 0.75 ± 0.01 µg/mL), NaCl
(negative control; inactive).

2.2. Flavonoid Profile of C. officinalis Flowers’ Extract and High-Performance Liquid Chromatography (HPLC)
Activity-Based Profiling of Acetylcholinesterase Inhibitors

According to the preliminary stage of the study, the Greenheart Orange variety of C. officinalis
flowers was selected and investigated as the most active sample with anti-acetylcholinesterase
activity and superior flavonoid content. In order to examine the phenolic profile of the selected
marigold, its 60% ethanol extract from flowers was subjected to a previously developed microcolumn
reversed-phase HPLC procedure with ultraviolet (UV) detection (MC-RP-HPLC-UV) [28]. From
the comparison of retention times, UV and mass spectrometry (MS) data with reference substances,
12 flavonoids and five phenylpropanoids were detected (Figure 2, Table 2).
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Figure 2. Chromatograms (microcolumn reversed-phase high-performance liquid chromatography
with ultraviolet detection (MC-RP-HPLC-UV)) of 60% ethanol extract from C. officinalis of the
Greenheart Orange variety at 350 nm (A) and HPLC-based anti-acetylcholinesterase activity (AChE)
profiling (B). The bar graphs on B show the inhibitory activity of the individual HPLC fractions
collected from a single separation. Compounds: 1, 3-O-caffeoylquinic acid; 2, caffeic acid; 3,
manghaslin; 4, calendoflavobioside; 5, typhaneoside; 6, rutin; 7, isoquercitrin; 8, quercetin-3-O-
(2”-ramnosyl)-rhamnoside; 9, calendoflavoside; 10, 3,5-di-O-caffeoylquinic acid; 11, quercetin-3-O-
(6”-acetyl)-glucoside; 12, 1,5-di-O-caffeoylquinic acid; 13, narcissin; 14, isorhamnetin-3-O-glucoside;
15, calendoflaside; 16, 4,5-di-O-caffeoylquinic acid; 17, isorhamnetin-3-O-(6”- acetyl)-glucoside.
Rome numbers indicate numbers of fractions after semi-preparative HPLC microfractionation.
AU—absorbance units.
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Table 2. HPLC parameters, UV and electrospray ionization mass spectrometry (ESI-MS) data and
the content of phenylpropanoids, quercetin and isorhamnetin derivatives in 60% ethanol extract of
C. officinalis (Greenheart Orange variety).

Compound tR, min UV, λmax, nm ESI-MS, m/z Content, mg/g DW ± SD 1

Phenylpropanoids
3-O-Caffeoylquinic acid 6.83 324 353 [M − H]−, 191, 179, 135 3.32 ± 0.08

Caffeic acid 7.90 325 179 [M − H]−, 135 0.92 ± 0.02
3,5-Di-O-caffeoylquinic acid 15.31 333 515 [M − H]−, 353, 191, 179, 135 1.16 ± 0.03
1,5-Di-O-caffeoylquinic acid 17.52 332 515 [M − H]−, 353, 191, 179 3.03 ± 0.07
4,5-Di-O-caffeoylquinic acid 20.37 331 515 [M − H]−, 353, 179 1.02 ± 0.02

Flavonoids. Quercetin derivatives
Manghaslin 10.63 255, 356 757 [M + H]+, 611, 465, 303 12.62 ± 0.32

Calendoflavobioside 12.06 255, 356 611 [M + H]+, 465, 303 10.12 ± 0.25
Rutin 13.18 255, 356 611 [M + H]+, 465, 303 2.26 ± 0.05

Isoquercitrin 13.87 257, 356 465 [M + H]+, 303 0.66 ± 0.01
Quercetin-3-O-(2”-ramnosyl)-rhamnoside 14.16 259, 353 595 [M + H]+, 449, 303 0.49 ± 0.01

Quercetin-3-O-(6”-acetyl)-glucoside 16.14 261, 352 507 [M + H]+, 303 0.60 ± 0.01
Flavonoids. Isorhamnetin derivatives

Typhaneoside 10.51 254, 356 771 [M + H]+, 625, 479, 317 42.46 ± 1.10
Calendoflavoside 14.63 255, 357 625 [M + H]+, 479, 317 6.43 ± 0.16

Narcissin 18.46 255, 355 625 [M + H]+, 479, 317 12.92 ± 0.33
Isorhamnetin-3-O-glucoside 19.09 258, 361 479 [M + H]+, 317 1.79 ± 0.04

Calendoflaside 19.82 253, 354 609 [M + H]+, 463, 317 0.33 ± 0.01
Isorhamnetin-3-O-(6”-acetyl)-glucoside 22.21 253, 354 521 [M + H]+, 317 1.86 ± 0.04

Total content:
phenylpropanoids 9.45

quercetin derivatives 26.75
isorhamnetin derivatives 65.79

flavonoids 92.54
1 Averages ± standard deviation were obtained from three different experiments.

The flavonoids were both quercetin (3,5,7,3′,4′-pentahydroxyflavone) and isorhamnetin
(3,5,7,4′-tetrahydroxy-3′-methoxyflavone) derivatives, all in the form of glycosides. The sugar
components were various combinations of glucose and rhamnose such as 3-O-glucosides
(isoquercitrin, Peak 7; isorhamnetin-3-O-glucoside, Peak 14), 3-O-(6′ ′-acetyl)-glucosides (Peaks
11 and 17), 3-O-(2′ ′-rhamnosyl)-rhamnosides (Peaks 8 and 15), 3-O-(2′ ′-rhamnosyl)-glucosides
or 3-O-neohesperidosides (calendoflavobioside, Peak 4; calendoflavoside, Peak 9), 3-O-(6′ ′-
rhamnosyl)-glucosides or 3-O-rutinosides (rutin, Peak 6; narcissin, Peak 13) and 3-O-(2′ ′,6′ ′-di-
rhamnosyl)-glucosides (manghaslin, Peak 3; typhaneoside, Peak 5). The non-flavonoid components
were phenylpropanoids such as 3-O-caffeoylquinic acid (Peak 1), caffeic acid (Peak 2) and three
di-O-caffeoylquinic acids (Peaks 10, 12 and 16) (Figure S1).

The flavonoids isoquercitrin, isorhamnetin-3-O-glucoside, calendoflavobioside, calendoflavoside,
rutin, narcissin and isorhamnetin-3-O-(2′ ′-rhamnosyl)-rhamnosides (calendoflaside) had been
previously reported in C. officinalis [29], as well as manghaslin and typhaneoside [30]. Quercetin-3-
O-(6′ ′-acetyl)-glucoside, isorhamnetin-3-O-(6′ ′-acetyl)-glucoside, quercetin-3-O-(2′ ′-rhamnosyl)-
rhamnosides and the mentioned phenylpropanoids were identified as components of seven Russian
varieties of C. officinalis [28]. The total flavonoid content in C. officinalis extract was 92.54 mg/g,
consisting of 26.75 mg/g of quercetin derivatives and 65.79 mg/g of isorhamnetin derivatives (Table 2).
Typhaneoside (42.46 mg/g), narcissin (12.92 mg/g), manghaslin (12.62 mg/g) and calendoflavobioside
(10.12 mg/g) were the prevailing flavonoid compounds. The concentration of phenylpropanoids was
not more 10 mg/g of dry weight of extract.

To identify the compounds of interest in C. officinalis flower extract with high acetylcholinesterase
inhibitory activity, the extract investigated was submitted to HPLC activity-based profiling.
This technique is a miniaturized and highly effective approach for localization and characterization of
bioactive natural products with minute amounts of injected extracts [31–33]. This technique combines
the speed and separation power of HPLC with the structural information of online spectroscopy and
miniaturized bioassays. For the detection of acetylcholinesterase inhibitors in C. officinalis flower
extract, the procedure of small-scale semi-preparative microfractionation by reversed-phase HPLC was
used. This yielded 60 microfractions of 30 s each that were transferred to a deep-well microtiter plate.
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Then, microfractions were dried, redissolved in buffer solution and subjected to post-chromatographic
reaction with an acetylcholinesterase/α-naphthyl acetate/Fast Blue B salt model system to evaluate
the anti-acetylcholinesterase activity. The anti-acetylcholinesterase activity of the microfractions after
post-column derivatization is shown in Figure 2B. Major inhibition was observed in Fractions xxv, xxvi,
xxx, xxxviii and xiv, which displayed the highest anti-cholinesterase activity potential with inhibition
values of 14.2%, 16.1%, 8.5%, 16.9% and 9.8%, respectively, while the activity of the other fractions
was not significantly different from zero. The data obtained showed considerable acetylcholinesterase
inhibiting activity of the fractions containing flavonoids. The majority of compounds eluted in the most
active fractions were derivatives of isorhamnetin like typhaneoside (Fraction xxvi), calendoflavoside
(Fraction xxx), narcissin (Fraction xxxviii) and isorhamnetin-3-O-(6′ ′-acetyl)-glucoside (Fraction xlv),
while only calendoflavobioside was a derivative of quercetin (Fraction xxv). The fractions containing
other derivatives of quercetin are characterized as inhibitors of moderate power, and caffeoylquinic
acids do not show a pronounced mode of action.

2.3. Acetylcholinesterase Inhibitory Activity of C. officinalis Flavonoids

For the further detailed studies, samples of the individual flavonoids previously isolated from
C. officinalis flowers were used [28,34–36]. The acetylcholinesterase inhibition assay was performed
using a spectrophotometric method [37]. A number of compounds were investigated including
HPLC-detected isorhamnetin and quercetin derivatives, 3-O-glucosides, 3-O-(6′ ′-acetyl)-glucosides,
3-O-(2′ ′-rhamnosyl)-glucosides, 3-O-(6′ ′-rhamnosyl)-glucosides, 3-O-(2′ ′,6′ ′-di-rhamnosyl)- glucosides
and 3-O-(2′ ′-rhamnosyl)-rhamnosides. Additionally minor flavonoids of C. officinalis flowers
were included for analysis such as 3-O-(2′ ′-acetyl)-glucosides, 3-O-(2′ ′,6′ ′-di-acetyl)-glucosides,
3-O-(3′ ′-rhamnosyl)-glucosides, 3-O-(4′ ′-rhamnosyl)-glucosides and 3-O-rhamnosides (Figure 3).
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The inhibitory activity of isorhamnetin glycosides expressed as IC50 was from 51.26–98.45 µM
with maximal potency for 3-O-(2′ ′,6′ ′-di-acetyl)-glucoside and minimal potency for 3-O-(2′ ′,6′ ′-
di-rhamnosyl)-glucoside; the latter was the dominant compound in the plant object investigated
(Table 3). The isorhamnetin inhibition power was highest (24.18 µM), demonstrating the negative
influence of 3-O-glycosylation on the anti-acetylcholinesterase activity of flavonoids. However,
according to the literature data, the hydroxyl group at position C-3 is not involved in the hydrogen
bonding with acetylcholinesterase. Hydroxylation at these positions is important for metal chelation,
antioxidant effect and the prevention of Aβ aggregation [38–40]. Attaching a rhamnosyl moiety to
an isorhamnetin skeleton resulted in the formation of a more active compound compared with a
glucosyl analogue (IC50 isorhamnetin-3-O-rhamnoside 73.96 µM vs. IC50 isorhamnetin-3-O-glucoside
89.04 µM). Substitution of hydroxyl groups in the carbohydrate fragment with acetyls in the 2′ ′-
and/or 6′ ′-positions increased the activity of the resultant compound. Comparing the activity of
isorhamnetin-3-O-glucoside and its rhamnosylated analogues demonstrated the reduction of the
power of the latter, and the position of the rhamnosyl moiety (2′ ′, 3′ ′, 4′ ′ or 6′ ′) has a weak influence on
the severity of inhibition. Quercetin glycosides were 20–35% more active than the same analogues of
isorhamnetin, and the general character of the structure-activity dependence was close.

Table 3. Anti-acetylcholinesterase activity of isorhamnetin, quercetin and its glycosides (IC50, µM± SD) 1.

Carbohydrate Unit Isorhamnetin Quercetin

- 24.18 ± 0.74 14.37 ± 0.34
3-O-Glcp 89.04 ± 2.49 70.12 ± 1.82

3-O-(2”-Ac)-Glcp 70.85 ± 1.84 48.01 ± 1.20
3-O-(6”-Ac)-Glcp 68.22 ± 1.71 45.16 ± 1.12

3-O-(2”,6”-di-Ac)-Glcp 51.26 ± 1.53 36.47 ± 1.02
3-O-(2”-Rhap)-Glcp 94.27 ± 2.82 71.86 ± 1.94
3-O-(3”-Rhap)-Glcp 91.16 ± 2.73 69.15 ± 1.84
3-O-(4”-Rhap)-Glcp 92.07 ± 2.85 70.35 ± 1.90
3-O-(6”-Rhap)-Glcp 97.32 ± 2.91 72.09 ± 2.04

3-O-(2”,6”-di-Rhap)-Glcp 98.45 ± 3.04 94.92 ± 2.65
3-O-Rhap 73.96 ± 2.14 48.80 ± 1.26

3-O-(2”-Rhap)-Rhap 84.90 ± 2.37 67.91 ± 1.76
1 Averages ± standard deviation were obtained from three different experiments. Reference compounds:
neostigmine (positive control; active, IC50 = 3.37 ± 0.09 µM), NaCl (negative control; inactive). Abbreviations used:
Glcp, glucopyranose; Ac, acetyl; Rhap, rhamnopyranose.

The high potency of quercetin and its glucosides to inhibit acetylcholinesterase has been described
previously in many works [41–43]. Information about isorhamnetin derivatives is not so common.
However, the results obtained allow us to conclude that isorhamnetin and its glucosides are natural
components with anti-acetylcholinesterase potency. Previously, some authors mentioned that all
flavonols possess a similar binding pattern in the active site of acetylcholinesterase [40]. The general
interactions were found to be between the flavonol skeleton and enzyme active sites. Interaction of the
A-ring-involved functional groups was described as between the hydroxyl group at the C-7 position
and Asp74 or Tyr72 residues, forming a hydrogen bond [44]. Hydroxylation of the B-ring at C-3′ and
C-4′ may also form a hydrogen bond with the residues Ser203 and Gly121 and often with Gly122.
The possibility of interaction between the C-4-keto function of C-rings and the residue Phe295 was
shown. The structural differences between quercetin and isorhamnetin are only in the methoxy group
in the 3′-position in the B-ring of the latter compound. Based on these data, it can be concluded that
both substances may decrease the activity of acetylcholinesterase by binding to its active sites.

2.4. Flavonoid Content in Marigold Flower Products

In order to evaluate the possible anti-cholinesterase activity of commercial marigold products, we
conducted HPLC analysis of flavonoids (quercetin and isorhamnetin derivatives) of 16 marigold tea
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batches (Table 4). The samples analyzed were purchased from four regions of Russia: Central federal
district, five samples (01, 09, 10, 15, 16), Siberian federal district, eight samples (03, 05, 06, 07, 08, 11,
13, 14), Southern federal district, one sample (02), and Ural federal district, one sample (12). Thus,
the acquired commercial samples were grown in different regions of the country. In addition, one
sample was acquired in the Republic of Uzbekistan (sample 03). The maximal total flavonoid content
(19.85 mg/g) was observed in sample 15, and the minimal flavonoid content (7.18 mg/g) was observed
in sample 13. The content of isorhamnetin derivatives was 6.8–16.2-times higher than the content of
quercetin derivatives.

Table 4. Content of quercetin and isorhamnetin derivatives in 16 marigold tea batches (01–16; mg/g
DW ± SD) 1.

Compound 01 02 03 04 05 06 07 08

Quercetin derivatives
Manghaslin 0.21 ± 0.00 0.43 ± 0.01 0.72 ± 0.02 0.27 ± 0.00 0.52 ± 0.01 0.28 ± 0.00 0.30 ± 0.01 0.33 ± 0.00

Calendoflavobioside 0.54 ± 0.01 0.71 ± 0.02 0.38 ± 0.01 0.35 ± 0.01 0.96 ± 0.02 0.32 ± 0.01 0.40 ± 0.01 0.38 ± 0.00
Rutin 0.18 ± 0.00 0.23 ± 0.00 0.18 ± 0.00 0.27 ± 0.00 0.25 ± 0.00 0.06 ± 0.00 0.08 ± 0.00 0.11 ± 0.00

Isoquercitrin 0.15 ± 0.00 0.14 ± 0.00 0.05 ± 0.00 0.07 ± 0.00 0.19 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 0.06 ± 0.00
Quercetin-3-O-(2”-Rha)-Rha 0.03 ± 0.00 0.03 ± 0.00 0.04 ± 0.00 0.01 ± 0.00 0.05 ± 0.00 0.03 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
Quercetin-3-O-(6”-Ac)-Glc 0.16 ± 0.00 0.09 ± 0.00 0.04 ± 0.00 0.17 ± 0.00 0.11 ± 0.00 0.00 ± 0.00 0.04 ± 0.00 0.09 ± 0.00

Subtotal
Isorhamnetin derivatives

Typhaneoside 5.01 ± 0.11 5.83 ± 0.14 10.45 ± 0.24 4.17 ± 0.09 7.18 ± 0.16 4.04 ± 0.09 3.94 ± 0.09 6.03 ± 0.14
Calendoflavoside 0.90 ± 0.02 1.11 ± 0.02 1.21 ± 0.03 0.58 ± 0.01 2.14 ± 0.05 0.87 ± 0.02 0.97 ± 0.02 1.34 ± 0.03

Narcissin 3.49 ± 0.08 3.50 ± 0.08 4.19 ± 0.09 4.16 ± 0.09 4.29 ± 0.09 1.85 ± 0.04 1.70 ± 0.04 3.18 ± 0.07
Isorhamnetin-3-O-Glc 0.30 ± 0.00 0.35 ± 0.01 0.08 ± 0.00 0.11 ± 0.00 0.29 ± 0.00 0.18 ± 0.00 0.17 ± 0.00 0.15 ± 0.00

Calendoflaside 0.15 ± 0.00 0.15 ± 0.00 0.05 ± 0.00 0.04 ± 0.00 0.14 ± 0.00 0.02 ± 0.00 0.15 ± 0.00 0.04 ± 0.00
Isorhamnetin-3-O-(6”-Ac)-Glc 0.68 ± 0.01 0.30 ± 0.01 0.35 ± 0.01 0.57 ± 0.01 0.31 ± 0.01 0.12 ± 0.00 0.14 ± 0.00 0.40 ± 0.01

Subtotal 10.53 11.24 16.33 9.63 14.35 7.08 7.07 11.14
Total flavonoids 11.80 12.87 17.74 10.77 16.43 7.79 7.91 12.11

Compound 09 10 11 12 13 14 15 16

Quercetin derivatives
Manghaslin 0.37 ± 0.01 0.56 ± 0.02 0.41 ± 0.01 0.39 ± 0.01 0.15 ± 0.00 0.42 ± 0.01 0.49 ± 0.01 0.34 ± 0.01

Calendoflavobioside 0.45 ± 0.01 0.51 ± 0.01 0.47 ± 0.01 0.47 ± 0.01 0.21 ± 0.00 0.24 ± 0.00 0.57 ± 0.01 0.33 ± 0.01
Rutin 0.09 ± 0.00 0.12 ± 0.00 0.11 ± 0.00 0.11 ± 0.00 0.09 ± 0.00 0.28 ± 0.00 0.79 ± 0.02 0.15 ± 0.00

Isoquercitrin 0.07 ± 0.00 0.09 ± 0.00 0.07 ± 0.00 0.06 ± 0.00 0.05 ± 0.00 0.03 ± 0.00 0.07 ± 0.00 0.07 ± 0.00
Quercetin-3-O-(2”-Rha)-Rha 0.00 ± 0.00 0.02 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.02 ± 0.00 0.00 ± 0.00 0.03 ± 0.00 0.00 ± 0.00
Quercetin-3-O-(6”-Ac)-Glc 0.10 ± 0.00 0.11 ± 0.00 0.09 ± 0.00 0.08 ± 0.00 0.09 ± 0.00 0.11 ± 0.00 0.04 ± 0.00 0.04 ± 0.00

Subtotal 1.08 1.41 1.15 1.11 0.61 1.08 1.99 0.93
Isorhamnetin derivatives

Typhaneoside 5.23 ± 0.12 5.52 ± 0.12 6.24 ± 0.14 6.17 ± 0.14 3.88 ± 0.08 7.89 ± 0.18 8.89 ± 0.20 9.16 ± 0.21
Calendoflavoside 1.35 ± 0.03 1.16 ± 0.03 1.17 ± 0.02 1.20 ± 0.02 0.28 ± 0.00 0.35 ± 0.01 0.36 ± 0.01 0.29 ± 0.00

Narcissin 2.25 ± 0.05 2.42 ± 0.06 2.70 ± 0.06 2.90 ± 0.07 2.00 ± 0.05 4.69 ± 0.11 7.98 ± 0.18 4.82 ± 0.11
Isorhamnetin-3-O-Glc 0.14 ± 0.00 0.15 ± 0.00 0.18 ± 0.00 0.20 ± 0.00 0.15 ± 0.00 0.34 ± 0.01 0.11 ± 0.00 0.11 ± 0.00

Calendoflaside 0.15 ± 0.00 0.19 ± 0.00 0.12 ± 0.00 0.17 ± 0.00 0.12 ± 0.00 0.12 ± 0.00 0.09 ± 0.00 0.14 ± 0.00
Isorhamnetin-3-O-(6”-Ac)-Glc 0.33 ± 0.01 0.34 ± 0.00 0.35 ± 0.01 0.35 ± 0.01 0.14 ± 0.00 0.39 ± 0.01 0.43 ± 0.01 0.56 ± 0.02

Subtotal 9.45 9.78 10.76 10.99 6.57 13.78 17.86 15.08
Total flavonoids 10.53 11.19 11.91 12.10 7.18 14.86 19.85 16.01

1 Averages ± standard deviation were obtained from three different experiments. Abbreviations used: Glcp,
glucopyranose; Ac, acetyl; Rhap, rhamnopyranose.

The data obtained demonstrated the dominance of typhaneoside (isorhamnetin derivative)
in all analyzed marigold tea batches, from 3.88 mg/g (sample 13) to 10.45 mg/g (sample 03).
In turn, the dominance of both manghaslin, from 0.34 mg/g (sample 16) to 0.72 mg/g (sample
03), and calendoflavobioside, from 0.21 mg/g (sample 13) to 0.96 mg/g (sample 05), was
noticed in the analysis of quercetin derivatives. It should be noted that the minor flavonoids
quercetin-3-O-(2′ ′-rhamnosyl)-rhamnoside and quercetin-3-O-(6′ ′-acetyl)-glucoside were not detected
or revealed in trace amounts in some samples (07, 08, 09, 11, 12, 14, 16). Thus, the commercial sample 15
was chosen for further investigation due to the high content of quercetin and isorhamnetin derivatives.

Given the widespread use of preparations from C. officinalis in therapeutic practice, we also
investigated the qualitative and quantitative content of phenolic compounds in four medicinal forms,
including commercial ethanol-containing forms (liquid extract and tincture) and aqueous forms
(decoction and infusion) as frequently applied home-made preparations.

The qualitative composition of the analyzed preparations from C. officinalis was similar to those of
native plant material (Table 5). This indicates the safety of the componential profile of the analyzed
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preparations within the manufacturing process. The most enriched liquid formulation was liquid
extract, characterized by 3.10 mg/mL of total flavonoid content. Tincture, decoction and infusion are
dosage forms prepared by low technology, which affects the composition of the resulting product.
The content of flavonoids in tincture, decoction and infusion was significantly lower (0.70, 0.57 and
0.45 mg/mL, respectively) than in liquid extract. In all liquid preparations, a predominance of the
quercetin derivative calendoflavobioside and isorhamnetin derivative typhaneoside was observed.

Table 5. Content of quercetin and isorhamnetin derivatives in liquid preparations of C. officinalis
(mg/mL DW ± SD) 1 and daily intake of flavonoids (mg/day).

Compound Infusion Decoction Tincture Liquid Extract

Quercetin derivatives
Manghaslin 0.02 ± 0.00 0.02 ± 0.00 0.03 ± 0.00 0.14 ± 0.00

Calendoflavobioside 0.02 ± 0.00 0.03 ± 0.00 0.04 ± 0.00 0.21 ± 0.00
Rutin 0.01 ± 0.00 0.01 ± 0.00 0.02 ± 0.00 0.07 ± 0.00

Isoquercitrin 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00
Quercetin-3-O-(2”-Rha)-Rha 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.02 ± 0.00
Quercetin-3-O-(6”-Ac)-Glc 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.03 ± 0.00

Subtotal 0.08 0.09 0.12 0.48
Isorhamnetin derivatives

Typhaneoside 0.19 ± 0.01 0.23 ± 0.01 0.26 ± 0.01 1.24 ± 0.03
Calendoflavoside 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.10 ± 0.00

Narcissin 0.14 ± 0.01 0.21 ± 0.01 0.26 ± 0.01 1.09 ± 0.03
Isorhamnetin-3-O-Glc 0.01 ± 0.00 0.01 ± 0.00 0.03 ± 0.00 0.15 ± 0.00

Calendoflaside 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.02 ± 0.00
Isorhamnetin-3-O-(6”-Ac)-Glc 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.02 ± 0.00

Subtotal 0.37 0.48 0.58 2.62
Total flavonoids 0.45 0.57 0.70 3.10

Daily intake of flavonoids 112.50 2 142.50 2 3.15 3 9.30 4

1 Averages ± standard deviation were obtained from three different experiments. Abbreviations used: Glcp,
glucopyranose; Ac, acetyl; Rhap, rhamnopyranose. 2 Recommended maximal daily intake of infusions and
decoctions, 250 mL. 3 Recommended maximal daily intake of tincture, 4.5 mL. 4 Recommended maximal daily
intake of liquid extract, 3.0 mL.

Information on the acceptable intake of various liquid preparations [45] allowed us to calculate
values for maximal daily consumption of flavonoids after the application of the mentioned marigold
preparations. The results obtained showed that despite the archaic character of aqueous preparations
of C. officinalis, their application maximized the intake values of flavonoids compared with ethanol
formulations. Thus, the intake from daily dosage of marigold decoction (142.50 mg/day) increased
flavonoid consumption by 45-times compared to a daily dose of tincture (3.15 mg/day). Despite the
high content of flavonoids in liquid extract, daily uptake (9.30 mg/day) is 15.3-times lower than for
consumption of a daily dose of decoction.

These data demonstrate the possibility of adequate substitution of liquid extract or tincture by
infusions or decoctions when it is not appropriate to administer ethanol-containing formulations
(children’s therapy, allergy to ethanol, etc.).

3. Materials and Methods

3.1. Chemicals

The following chemicals were purchased from Extrasynthese (Lyon, France): 3-O-caffeoylquinic
acid (chlorogenic acid; Cat. No. 4991, ≥99%); caffeic acid (Cat. No. 6034,≥99%); 3,5-di-O-caffeoylquinic
acid (Cat. No. 4946, ≥97%); isorhamnetin (Cat. No. 1120, ≥99%); isorhamnetin-3- O-glucoside (Cat.
No. 1228, ≥95%); isorhamnetin-3-O-rutinoside (narcissin; Cat. No. 1333, ≥99%); quercetin-3-O-
rutinoside (rutin; cat. No. 1139, ≥99%); quercetin-3-O-rhamnoside (quercitrin; Cat. No. 1236, ≥98.5%);
Sigma-Aldrich (St. Louis, MO, USA): acetylcholinesterase from Electrophorus electricus (electric eel)
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(Cat. No. C2888, Type V-S, ≥1000 units/mg protein), Fast Blue B salt (Cat. No. D9805, dye content
95%), lithium perchlorate (Cat. No. 431567, ≥99.99%), α-naphthyl acetate (Cat. No. N8505, ≥98%),
neostigmine bromide (Cat. No. 2001, ≥98%), perchloric acid (Cat. No. 311421, ≥70%, 99.999%
trace metals basis), quercetin (Cat. No. Q0125, ≥98%), quercetin-3- O-glucoside (Cat. No. 16654,
≥98%), sodium dodecyl sulfate (Cat. No. 436143, ≥99%). 1,5-Di-O-caffeoylquinic acid, 4,5-di-O-
caffeoylquinic acid, isorhamnetin-3-O-(2′′-acetyl)-glucoside, isorhamnetin-3-O-(6′′-acetyl)-glucoside,
isorhamnetin-3-O-(2′′,6′′-di-acetyl)-glucoside, isorhamnetin-3-O-(2′′-rhamnosyl)-glucoside
(calendoflavoside), isorhamnetin-3-O-(3′′-rhamnosyl)-glucoside, isorhamnetin-3-O-(4′′-rhamnosyl)-
glucoside, isorhamnetin-3-O-(2′′,6′′-di-rhamnosyl)-glucoside (typhaneoside), isorhamnetin-3-O-
rhamnoside, isorhamnetin-3-O-(2′′-rhamnosyl)- rhamnoside (calendoflaside), quercetin-3-O-(2′′-
acetyl)-glucoside, quercetin-3-O-(6′′-acetyl)-glucoside, quercetin-3-O-(2′′,6′′-di-acetyl)-glucoside,
quercetin-3-O-(2′′-rhamnosyl)-glucoside (calendoflavobioside), quercetin-3-O-(3′′-rhamnosyl)-
glucoside, quercetin-3-O- (4′′-rhamnosyl)- glucoside, 3-O-(2′′,6′′-di-rhamnosyl)-glucoside (manghaslin)
and quercetin-3-O-(2′′-rhamnosyl)- rhamnoside were isolated previously from C. officinalis [28,34–36].

3.2. Plant Material

Plants of Calendula officinalis L. in twenty three double-flowered varieties (Amber Bay, Big Orange,
Cardinal, Egypt Sun, Fiesta, Flame Dancer, Gavrish, Geisha Girl, Gitana Orange, Golden Imperator,
Golden Prince, Green Heart Orange, Honey Cardinal, Indian Prince, Jiga-Jiga, Lemon Juice, Orange
Balls, Orange King, Radio, Red Black Centered, Rose Surprise, Touch of Red, Tutti-Frutti) were grown
from authenticated seeds obtained from Tsitsin’s Main Botanical Garden of the Russian Academy of
Science (Moscow, Russian) by cultivation in the fields of the Botanical Garden of the North-Eastern
Federal University (NEFU, Yakutsk, Russian). The flowers were collected in the middle of August 2016
and then dried in vacuo at 40 ◦C (12 h) and stored at 4 ◦C in the Institute of General and Experimental
Biology Plant Repository. Commercial samples of marigold tea were purchased from Pharmaceutical
Company Magnolia (Moscow, Russia; Batch No. 080616; Sample 01), Company Phytopharm (Anapa,
Russia; Batch No. 03116; Sample 02), Shalfey Ltd. (Irkutsk, Russia; Batch No. 010116; Sample
03), Zamona Rano Ltd. (Nomdanak, Uzbekistan; Batch No. 050616; Sample 04), Eastern Medicine
Ltd. (Ulan-Ude, Russia; Batch No. 150816; Sample 05), Company Khorst Ltd. (Barnaul, Russia;
Batch No. 060216; Sample 06), Altaivitaminy Ltd. (Biisk, Russia; Batch No. 1931116; Sample 07),
Company Tayga Produkt (Angarsk, Russia; Batch No. 010716; Sample 08), Company Ivan-Chai
(Moscow, Russia; Batch No. 021116; Sample 09), LeksPlus Ltd. (Khimki, Russia; Batch No. 01016;
Sample 10), TsSI Ltd. (Barnaul, Russia; Batch No. 100116; Sample 11), Pharmaceutical Company
Zdorov’e (Magnitogorsk, Russia; Batch No. 040416; Sample 12), Ortilia Ltd. (Irkutsk, Russia; Batch No.
01066; Sample 13), Company Travy Daurii (Chita, Russia; Batch No. 250616; Sample 14), Public
Corporation Krasnogorskleksredstva (Moscow, Russia; Batch No. 150616; Sample 15), ST-Medipharm
(Moscow, Russia; Batch No. 010516; Sample 16). Commercial samples of C. officinalis preparations
were purchased in Company Flora Kavkaza (tincture, Pregradnaya, Russia; Batch No. 090816) and
Company Arura (liquid extract, Ulan-Ude, Russia; Batch No. 100916).

3.3. Sample Preparation for the Extraction of Total Phytochemicals and Anti-acetylcolinesterase
Acitivity Determination

For preparation of total extracts of twenty three varieties of C. officinalis with maximal content of
basic groups of compounds (essential oils, carotenoids, triterpenoids, flavonoids, phenylpropanoids
and polysaccharides), plant material was extracted by following solvents, as 96% ethanol for extraction
of essential oils, carotenoids and triterpenoids; 60% ethanol as an optimal solvent for flavonoids and
phenylpropanoids; water as an optimal solvent for polysaccharides. Accurately-weighed C. officinalis
plant sample (100 g) was placed in a conical flask. Then, 1500 mL of the 96% ethanol solution were
added, and the mixture was extracted twice in an ultrasonic bath for 90 min at 45 ◦C. The extracted
solution A was filtered through a cellulose filter. The plant residue was repeatedly extracted by 60 %
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ethanol and water in the same conditions receiving extracts B and C, accordingly. Finally extracts A,
B and C were combined and evaporated in vacuo until dryness using a rotary evaporator. The total
extracts were stored at 4 ◦C until further chemical composition analysis and anti-acetylcholinesterase
activity microplate assay.

3.4. Chemical Composition Analytical Methods

The essential oil content was determined gravimetrically after hydrodistillation in a Clevenger-type
apparatus for 150 min [46]. The concentration of carotenoids was estimated as β-carotene equivalent
using the spectrophotometric method at 450 nm in preliminary saponified extracts [47]. The total
triterpenoid content was determined by HPTLC-densitometric analysis after acidic hydrolysis in 7%
HCl/acetone media as oleanolic acid equivalents [48]. The flavonoid content was estimated as narcissin
equivalents after spectrophotometric procedure after 5% AlCl3 addiction [49]. The phenylpropanoid
content was determined by the colorimetric Arnow method using 3-O-caffeoylquinic acid as
the standard [50]. The polysaccharides content was determined by the spectrophotometric
anthrone-sulfuric acid method with galactose as the standard [51].

3.5. Anti-Acetylcholinesterase Activity Microplate Assay

The acetylcholinesterase inhibition assay was performed using a spectrophotometric microplate
assay [37]. The reaction mixture consisted of 235.7 µL of 0.1 M phosphate buffer pH 7.4, 20 µL of a
solution of acetylcholinesterase (final concentration 0.1 U/mL in 0.1 M phosphate buffer pH 7.4), 2.7 µL
of test compound or plant extract solutions in dimethyl sulfoxide (DMSO). The controls contained the
corresponding volume of DMSO of test compound solutions. The enzymatic reaction was initiated by
the addition of 1.6 µL of α-naphthyl acetate solution in DMSO. After mixing for 90 s and incubation
at 25 ◦C for 90 s, the reaction was stopped with 20 µL of a 5% solution of sodium dodecyl sulfate
(SDS) in water. The color was developed with 20 µL of Fast Blue B salt solution (final concentration
0.17 mM in water). The method was realized in 96-well plates. The microplate was read by a Bio-Rad
microplate reader Model 3550 UV. Enzyme activity and inhibition were quantified by determination of
the absorbance at 600 nm after the formation of the purple-colored diazonium dye as a percentage.
A control sample was considered to have 100% was carried out using the same volume of DMSO
instead of tested compound (or plant extract). The percentage of inhibition was calculated relative to a
control sample, for which the anti-acetylcholinesterase activity was assessed under identical conditions,
but in the absence of the test compound, using the expression:

% Inhibition = {[(ACE − AC) − (ATE − AT)]/(ACE − AC)} × 100%

where ACE is the absorbance at 600 nm of the control sample with enzyme; AC is the absorbance at
600 nm of the control sample without enzyme; ATE is the absorbance at 600 nm of the test compound
(or plant extract) with enzyme; AT is the absorbance at 600 nm of the test compound (or plant extract)
without enzyme. Linear equation indicating the correlation between the common logarithm of the
compound concentration (µM) and percentage of acetylcholinesterase inhibition (%) was build, and
from which the IC50 values (concentration that inhibits 50% of acetylcholinesterase activity) of tested
compounds (or plant extracts) were extrapolated.

3.6. Microcolumn Reversed-Phase High-Performance Liquid Chromatography with Ultraviolet Detection
(MC-RP-HPLC-UV) Conditions

MC-RP-HPLC-UV experiments were performed on an Econova MiLiChrom A-02 microcolumn
chromatograph (Novosibirsk, Novosibirsk Oblast, Russia) coupled with UV-detector, using a
ProntoSIL-120-5-C18 AQ column (1 × 75 mm, Φ 1 µm; Metrohm AG, Herisau, Switzerland); the
column temperature was 35 ◦C. Eluent A was 0.2 M LiClO4 in 0.006 M HClO4, and Eluent B was
acetonitrile. The injection volume was 1 µL, and elution was at 100 µL/min. Gradient program:
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0–7.5 min 11–18% B, 7.5–13.5 min 18% B, 13.5–15 min 18–20% B, 15–18 min 20–25% B, 18–24.0 min 25%
B, 24–30.0 min 25–100% B. UV-Spectral data from all peaks were accumulated in the range of 200–600
nm, and chromatograms were recorded at 330 nm.

MC-HPLC-UV quantification experiments were carried out at the same chromatographic
conditions with UV-detection at 350 nm. Stock solutions of standards were made by accurately weighing
1 mg samples of 3-O-caffeoylquinic acid (chlorogenic acid), caffeic acid, 1,5-di-O-caffeoylquinic acid,
4,5-di-O-caffeoylquinic acid, 3,5-di-O-caffeoylquinic acid, isorhamnetin, isorhamnetin-3-O-glucoside,
isorhamnetin-3-O-rutinoside (narcissin), isorhamnetin-3-O-(2′ ′-acetyl)-glucoside, isorhamnetin-3-O-
(6′′-acetyl)-glucoside, isorhamnetin-3-O-(2′′,6′′-di-acetyl)-glucoside, isorhamnetin-3-O-(2′′-rhamnosyl)-
glucoside (calendoflavoside), isorhamnetin-3-O-(3′′-rhamnosyl)-glucoside, isorhamnetin-3-O-
(4′′-rhamnosyl)-glucoside, isorhamnetin-3-O-(2′′,6′′-di-rhamnosyl)-glucoside (typhaneoside),
isorhamnetin-3-O-rhamnoside, isorhamnetin-3-O-(2′′-rhamnosyl)-rhamnoside (calendoflaside), quercetin,
quercetin-3-O-rutinoside (rutin), quercetin-3- O-rhamnoside (quercitrin), quercetin-3- O-glucoside,
quercetin-3-O-(2′′-acetyl)-glucoside, quercetin-3-O-(6′′-acetyl)-glucoside, quercetin-3-O-(2′′,6′′-di-
acetyl)-glucoside, quercetin-3-O-(2′′-rhamnosyl)-glucoside (calendoflavobioside), quercetin-3-O-
(3′′-rhamnosyl)-glucoside, quercetin-3-O-(4′′-rhamnosyl)-glucoside, 3-O-(2′′,6′′-di-rhamnosyl)-
glucoside (manghaslin), quercetin-3-O-(2′′-rhamnosyl)-rhamnoside and separately dissolving them in
1 mL of 20 % DMSO solution in methanol in a volumetric flask. The appropriate amounts of stock
solutions were diluted with methanol in order to obtain standard solutions containing 0.25–1.00
mg/mL. As all of the compounds used for quantification were well separated under the experimental
conditions, mixtures of standards were analyzed. Prepared solutions were stored at 4 ◦C for no more
than 72 h. The results are presented as the mean values ± SD (standard deviations) of three replicates.

For preparation of 60% ethanol extract, used for MC-RP-HPLC-UV and MC-RP-HPLC-UV-ESI-MS
analysis, accurately-weighed C. officinalis plant sample of Greenheart Orange variety (100 g) was placed
in a conical flask. Then, 1500 mL of the 60% ethanol solution were added, and the mixture was extracted
twice in an ultrasonic bath for 90 min at 45 ◦C. The extracted solutions were filtered through a cellulose
filter and evaporated in vacuo until dryness using a rotary evaporator. For the preparation of 60%
ethanol extract solution, an accurately weighed dry extract of C. officinalis (10 mg) was placed in an
Eppendorf tube; 1 mL of 60% ethanol was added; and the mixture was weighed again. Then, the
sample was extracted in an ultrasonic bath for 10 min at 40 ◦C. After cooling, the resultant extract was
filtered through a 0.22-µm polytetrafluoroethylene (PTFE) syringe filter before injection into the HPLC
system for analysis.

For the preparation of the sample solution of commercial of marigold tea batches (samples 01–16),
accurately-weighed plant sample (1 g) was placed in conical flasks. Then, 100 mL of the 60% ethanol
solution were added, and the mixture was extracted in an ultrasonic bath for 30 min at 45 ◦C. The
extracted solution was filtered through a 0.22-µm PTFE syringe filter before injection into the HPLC
system for analysis.

For the preparation of the decoction, accurately-weighed C. officinalis plant Sample 15 (1 g) was
placed in conical flasks. Then, 100 mL of distilled water was added, and the sample was heated on a
hotplate and boiled for 10 min. The mixture was left to stand at room temperature for 15 min, then
filtered under reduced pressure and made up to 100 mL in a volumetric flask. The resultant decoction
was filtered through a 0.22-µm PTFE syringe filter before injection into the HPLC system for analysis.

For the preparation of infusion, accurately-weighed C. officinalis plant Sample 15 (1 g) was placed
in conical flasks. Then, 100 mL of boiled distilled water was added. The sample was then stirred for
40 min. Then, the mixture was filtered under reduced pressure and made up to 100 mL in a volumetric
flask. The resultant infusion was filtered through a 0.22-µm PTFE syringe filter before injection into
the HPLC system for analysis.
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3.7. Microcolumn Reversed-Phase High-Performance Liquid Chromatography with Electrospray Ionization
Mass Spectrometry Detection (MC-RP-HPLC-ESI-MS) Conditions

MC-RP-HPLC-ESI-MS experiments were performed on an Econova MiLiChrom A-02 microcolumn
chromatograph (Novosibirsk, Novosibirsk Oblast, Russia) coupled with triple-quadrupole electrospray
ionization mass-spectrometer LCMS 8050 (Shimadzu, Columbia, MD, USA). LC conditions were
the same as described in Section 3.5. MS conditions were: ionization mode, ESI (negative for
phenylpropanoids and positive for flavonoids); electrospray ionization (ESI) interface temperature,
300 ◦C; desolvation line temperature, 250 ◦C; heat block temperature, 400 ◦C; nebulizing gas flow
(N2), 3 L/min; heating gas flow (air), 10 L/min; heating gas flow (N2), 10 L/min; collision-induced
dissociation gas (Ar) pressure, 270 kPa; Ar flow, 0.3 mL/min; capillary voltage, 3 kV. The full scan
mass covered the range from m/z 100 up to m/z 1900.

3.8. HPLC Activity-Based Profiling

HPLC activity-based profiling was realized using the post-chromatographic reaction of
HPLC-eluates with the acetylcholinesterase/α-naphthyl acetate/Fast Blue B salt model system.
Aliquots (100 µL) of extract solution (10 mg/mL) were separated under analytical HPLC conditions
(Section 2.4). The eluates (50 µL) were collected every 30 s using an automated fraction collector
(Econova) in 96-well plates, then dried under a N2-steam and redissolved in 2.7 µL of DMSO. To each
sample, 235.7 µL of 0.1 M phosphate buffer pH 7.4 and 20 µL of a solution acetylcholinesterase (final
concentration 0.1 U/mL in 0.1 M phosphate buffer) and 1.6 µL of α-naphthyl acetate solution in
DMSO were added. After mixing for 90 s and incubation at 25 ◦C for 90 s, 20 µL of a 5% solution
of sodium dodecyl sulfate (SDS) in water and 20 µL of Fast Blue B salt solution in water (final
concentration 0.17 mM) were added. The microplate was read by a Bio-Rad microplate reader Model
3550 UV (Bio-Rad Labs, Richmond, CA, USA). Enzyme activity and inhibition were quantified by
determination of the absorbance at 600 nm after the formation of the purple-colored diazonium dye as
a percentage. The percentage of inhibition was calculated relative to a control sample, for which the
anti-acetylcholinesterase activity was assessed under identical conditions, but in the absence of the
test compound.

3.9. Statistical Analysis

All experiments were done in triplicates, and the results were given as the mean ± standard
deviation (SD). One-way analysis of variance (ANOVA) with a post hoc least significant difference
test was used to determine significance (p ≤ 0.05) with Statistica 5.5 software (Dell Technologies Inc.,
Round Rock, TX, USA) together with the correlation matrix with the use of elementary statistics.

4. Conclusions

In this study, we investigated the anti-acetylcholinesterase potential of C. officinalis flowers
introduced into Siberia based on their chemical composition, which has not been reported previously.
The effect of total flavonoid content on the anti-acetylcholinesterase activity of ethanolic extracts
was significant. HPLC activity-based profiling data suggested that the quercetin and isorhamnetin
derivatives possess strong and moderate anti-acetylcholinesterase activity, respectively. Structural
characteristics that may contribute to the understanding of the bioactivity of quercetin and
isorhamnetin glycosides were identified. The presence of a rhamnosyl moiety and acetyl groups
at the 2′′- and/or 6′′-position of the carbohydrate function of a flavonoid skeleton has an influence
on their anti-acetylcholinesterase properties. In addition, the flavonoid content of 16 commercial
batches of marigold flowers and four liquid preparations was analyzed. The levels of isorhamnetin
and quercetin derivatives detected in samples of marigold tea were 6.57–17.86 and 0.61–2.08 mg/g,
respectively, and in liquid preparations were 0.37–2.62 and 0.08–0.48 mg/mL, respectively. On the basis
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of this study, it can be concluded that quercetin and isorhamnetin glycosides from C. officinalis flowers
have the potential to be promising candidates for the development of anti-acetylcholinesterase agents.

Supplementary Materials: Supplementary materials can be found at www.mdpi.com/1422-0067/18/8/1685/s1.

Acknowledgments: The authors acknowledge the financial support provided by the Ministry of Education and
Science of Russia (Project No. 20.7216.2017/6.7), Ministry of Education and Science of Sakha (Yakutia) Republic
(Project “2nd Complex Scientific Expedition in Yakutia”) and Presidium of Siberian Division of Russian Academy
of Science (Projects Nos. VI.62.1.8 and 0337-2016-0006).

Author Contributions: Daniil N. Olennikov and Nina I. Kashchenko designed the experiments.
Nadezhda K. Chirikova and Nina I. Kashchenko performed the experiments. Daniil N. Olennikov and
Anzurat Akobirshoeva analyzed the data. Ifrat N. Zilfikarov contributed analysis tools. Daniil N. Olennikov and
Cecile Vennos wrote the paper.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Brühlmann, C.; Marston, A.; Hostettmann, K.; Carrupt, P.A.; Testa, B. Screening of non-alkaloidal natural
compounds as acetylcholinesterase inhibitors. Chem. Biodivers. 2004, 1, 819–829. [CrossRef] [PubMed]

2. Ni, R.; Marutle, A.; Nordberg, A. Modulation of α7 nicotinic acetylcholine receptor and fibrillary amyloid-β
interactions in Alzheimer’s disease brain. J. Alzheimers Dis. 2013, 33, 841–851. [CrossRef] [PubMed]

3. Moss, D.E.; Perez, R.G.; Kobayashi, H. Cholinesterase inhibitor therapy in Alzheimer’s: The limits and
tolerability of irreversible CNS-selective acetylcholinesterase inhibition in primates. J. Alzheimers Dis. 2017,
55, 1285–1294. [CrossRef] [PubMed]

4. Nelson, P.T.; Kryscio, R.G.; Abner, E.L.; Schmitt, F.A.; Jicha, G.A.; Mendiondo, M.S.; Cooper, G.; Smith, C.B.;
Markesbery, W.R. Acetylcholinesterase inhibitor treatment is associated with relatively slow cognitive decline
in patients with Alzheimer’s disease and AD + DLB. J. Alzheimers Dis. 2009, 16, 29–34. [CrossRef] [PubMed]

5. Filho, J.M.B.; Medeiros, K.C.P.; Diniz, M.F.F.M.; Batista, L.M.; Athayde-Filho, P.F.; Silva, M.S.;
da-Cunha, E.V.L.; Almeida, J.R.G.S.; Quintans-Júnior, L.J. Natural products inhibitors of the enzyme
acetylcholinesterase. Rev. Bras. Farmacogn. 2006, 16, 258–285. [CrossRef]

6. Ercetin, T.; Senol, F.S.; Orhan, I.E.; Toker, G. Comparative assessment of antioxidant and cholinesterase
inhibitory properties of the marigold extracts from Calendula arvensis L. and Calendula officinalis L. Ind. Crops
Prod. 2012, 36, 203–208. [CrossRef]

7. Shivasharan, B.D.; Nagakannan, P.; Thippeswamy, B.S.; Veerapur, V.P. Protective effect of Calendula officinalis
L. flowers against monosodium glutamate induced oxidative stress and excitotoxic brain damage in rats.
Ind. J. Clin. Biochem. 2013, 28, 292–298. [CrossRef] [PubMed]

8. Shahidi, S.; Mahmoodi, M.; Farahmandlou, N. Antinociceptive properties of hydro-alcoholic extract of
Calendula officinalis in rats. Basic Clin. Neurosci. 2012, 3, 45–48.

9. Bashir, S.; Janbaz, K.H.; Jabeen, Q.; Gilani, A.H. Studies on spasmogenic and spasmolytic activities of
Calendula officinalis flowers. Phytother. Res. 2006, 20, 906–910. [CrossRef] [PubMed]

10. Hechtman, L. Clinical Naturopathic Medicine; Elsevier Science: Chatswood, Australia, 2012; pp. 301–337.
11. Lagarto, A.; Bueno, V.; Guerra, I.; Valdes, O.; Vega, Y.; Torres, L. Acute and subchronic oral toxicities of

Calendula officinalis extract in Wistar rats. Exp. Toxicol. Pathol. 2011, 63, 387–391. [CrossRef] [PubMed]
12. Gazim, Z.C.; Rezende, C.M.; Fraga, S.R.; Svidzinski, T.I.E.; Cortez, D.A.G. Antifungal activity of the essential

oil from Calendula officinalis L. (asteraceae) growing in Brazil. Braz. J. Microbiol. 2008, 39, 61–63. [CrossRef]
[PubMed]

13. Khalid, K.A.; da Silva, J.A.T. Yield, essential oil and pigment content of Calendula officinalis L. flower heads
cultivated under salt stress conditions. Sci. Hort. 2010, 126, 297–305. [CrossRef]

14. Okoh, O.O.; Sadimenko, A.A.; Afolayan, A.J. The effects of age on the yield and composition of the essential
oils of Calendula officinalis. J. Appl. Sci. 2007, 7, 3806–3810. [CrossRef]

15. Piccaglia, R.; Marotti, M.; Chiavari, G.; Gandini, N. Effects of harvesting date and climate on the flavonoid
and carotenoid contents of marigold (Calendula officinalis L.). Flavor Fragr. J. 1997, 12, 85–90. [CrossRef]

16. Pintea, A.; Bele, C.; Andrei, S.; Socaciu, C. HPLC analysis of carotenoids in four varieties of Calendula officinalis L.
flowers. Acta Biol. Szeged. 2003, 47, 37–40.

www.mdpi.com/1422-0067/18/8/1685/s1
http://dx.doi.org/10.1002/cbdv.200490064
http://www.ncbi.nlm.nih.gov/pubmed/17191882
http://dx.doi.org/10.3233/JAD-2012-121447
http://www.ncbi.nlm.nih.gov/pubmed/23042213
http://dx.doi.org/10.3233/JAD-160733
http://www.ncbi.nlm.nih.gov/pubmed/27858711
http://dx.doi.org/10.3233/JAD-2009-0926
http://www.ncbi.nlm.nih.gov/pubmed/19158418
http://dx.doi.org/10.1590/S0102-695X2006000200021
http://dx.doi.org/10.1016/j.indcrop.2011.09.007
http://dx.doi.org/10.1007/s12291-012-0256-1
http://www.ncbi.nlm.nih.gov/pubmed/24426226
http://dx.doi.org/10.1002/ptr.1980
http://www.ncbi.nlm.nih.gov/pubmed/16906636
http://dx.doi.org/10.1016/j.etp.2010.02.015
http://www.ncbi.nlm.nih.gov/pubmed/20335011
http://dx.doi.org/10.1590/S1517-83822008000100015
http://www.ncbi.nlm.nih.gov/pubmed/24031180
http://dx.doi.org/10.1016/j.scienta.2010.07.023
http://dx.doi.org/10.3923/jas.2007.3806.3810
http://dx.doi.org/10.1002/(SICI)1099-1026(199703)12:2&lt;85::AID-FFJ616&gt;3.0.CO;2-L


Int. J. Mol. Sci. 2017, 18, 1685 16 of 17

17. Kishimoto, S.; Sumitomo, K.; Yagi, M.; Nakayama, M.; Ohmiya, A. Three routes to orange petal color via
carotenoids components in 9 compositae species. J. Jpn. Soc. Hort. Sci. 2007, 76, 250–257. [CrossRef]

18. Raal, A.; Kirsipuu, K.; Must, R.; Tenno, S. Content of total carotenoids in Calendula officinalis L. from different
countries cultivated in Estonia. Nat. Prod. Commun. 2009, 4, 35–38. [PubMed]

19. Jäger, S.; Trojan, H.; Kopp, T.; Laszczyk, M.N.; Scheffler, A. Pentacyclic triterpene distribution in various
plants, rich sources for a new group of multi-potent plant extracts. Molecules 2009, 14, 2016–2031. [CrossRef]
[PubMed]

20. Kowalski, R. Studies of selected plant raw materials as alternative sources of triterpenes of oleanolic and
ursolic acid types. J. Agric. Food Chem. 2007, 55, 656–662. [CrossRef] [PubMed]

21. Neukirch, H.; D’Ambrosio, M.; Dalla, V.J.; Guerriero, A. Simultaneous quantitative determination of eight
triterpenoid monoesters from flowers of 10 varieties of Calendula officinalis L. and characterization of a new
triterpenoid monoester. Phytochem. Anal. 2004, 15, 30–35. [CrossRef] [PubMed]

22. Raal, A.; Kirsipuu, K. Total flavonoid content in varieties of Calendula officinalis L. originating from different
countries and cultivated in Estonia. Nat. Prod. Res. 2011, 25, 658–662. [CrossRef] [PubMed]

23. Masterova, I.; Grancalova, Z.; Uhrinova, S.; Suchy, V.; Ubik, K.; Nagy, M. Flavonoids in flowers of
Calendula officinalis L. Chem. Pap. 1991, 45, 105–108.

24. Borella, J.C.; de Carvalho, D.M.A. Quality comparison of extracts from Calendula officinalis L. (Asteraceae)
sold from pharmacies in Ribeirão Preto, SP. Rev. Bras. Farm. 2011, 92, 13–18.

25. Russo, D.; Valentão, P.; Andrade, P.B.; Fernandez, E.C.; Milella, L. Evaluation of antioxidant, antidiabetic and
anticholinesterase activities of Smallanthus sonchifolius landraces and correlation with their phytochemical
profiles. Int. J. Mol. Sci. 2015, 16, 17696–17718. [CrossRef] [PubMed]

26. Wang, X.; Sankarapandian, K.; Cheng, Y.; Woo, S.O.; Kwon, H.W.; Perumalsamy, H.; Ahn, Y. Relationship
between total phenolic contents and biological properties of propolis from 20 different regions in South
Korea. BMC Complement. Altern. Med. 2016, 16, 65. [CrossRef] [PubMed]

27. Hassan, S.H.A.; Fry, J.R.; Bakar, M.F.A. Phytochemicals content, antioxidant activity and acetylcholinesterase
inhibition properties of indigenous Garcinia parvifolia fruit. BioMed Res. Int. 2013, 2013. [CrossRef]

28. Olennikov, D.N.; Kashchenko, N.I. New isorhamnetin glycosides and other phenolic compounds from
Calendula officinalis. Chem. Nat. Comp. 2013, 49, 833–839. [CrossRef]

29. Komissarenko, N.F.; Chernobai, V.T.; Derkach, A.T. Flavonoids of inflorescences of Calendula officinalis.
Chem. Nat. Compd. 1988, 24, 675–680. [CrossRef]

30. Vidal-Ollivier, E.; Elias, R.; Faure, F.; Babadjamian, A.; Crespin, F.; Balansard, G.; Boudon, G. Flavonol
glycosides from Calendula officinalis flowers. Planta Med. 1989, 55, 73–74. [CrossRef] [PubMed]

31. Dittmann, K.; Riese, U.; Hamburger, M. HPLC-based bioactivity profiling of plant extracts: A kinetic assay
for the identification of monoamine oxidase-A inhibitors using human recombinant monoamine oxidase-A.
Phytochemistry 2004, 65, 2885–2891. [CrossRef] [PubMed]

32. Julianti, T.; Mieri, M.D.; Zimmermann, S.; Ebrahimi, S.N.; Kaiser, M.; Neuburger, M.; Raith, M.; Brun, R.;
Hamburger, M. HPLC-based activity profiling for antiplasmodial compounds in the traditional Indonesian
medicinal plant Carica papaya L. J. Ethnopharmacol. 2014, 155, 426–434. [CrossRef] [PubMed]

33. Yang, X.; Baburin, I.; Plitzko, I.; Hering, S.; Hamburger, M. HPLC-based activity profiling for GABAa receptor
modulators from the traditional Chinese herbal drug Kushen (Sophora flavescens root). Mol. Divers. 2011, 15,
361–372. [CrossRef] [PubMed]

34. Olennikov, D.N.; Kashchenko, N.I. 1,5-Di-O-isoferuloylquinic acid and other phenolic compounds from
pollen of Calendula officinalis. Chem. Nat. Compd. 2014, 50, 589–593. [CrossRef]

35. Olennikov, D.N.; Kashchenko, N.I. Calendosides I-IV, new quercetin and isorhamnetin rhamnoglucosides
from Calendula officinalis. Chem. Nat. Compd. 2014, 50, 633–637. [CrossRef]

36. Olennikov, D.N.; Kashchenko, N.I. Componential profile and amylase inhibiting activity of phenolic
compounds from Calendula officinalis L. leaves. Sci. World J. 2014, 2014. [CrossRef] [PubMed]

37. Di Giovanni, S.; Borloz, A.; Urbain, A.; Marston, A.; Hostettmann, K.; Carrupt, P.-A.; Reist, M. In vitro
screening assays to identify natural or synthetic acetylcholinesterase inhibitors: Thin layer chromatography
versus microplate methods. Eur. J. Pharm. Sci. 2008, 33, 109–119. [CrossRef] [PubMed]

38. Kim, H.; Park, B.S.; Lee, K.G.; Choi, C.Y.; Jang, S.S.; Kim, Y.L.; Lee, S.E. Effect of naturally occurring
compounds on fibril formation and oxidative stress of beta amyloid. J. Agric. Food Chem. 2005, 53, 8537–8541.
[CrossRef] [PubMed]

http://dx.doi.org/10.2503/jjshs.76.250
http://www.ncbi.nlm.nih.gov/pubmed/19370871
http://dx.doi.org/10.3390/molecules14062016
http://www.ncbi.nlm.nih.gov/pubmed/19513002
http://dx.doi.org/10.1021/jf0625858
http://www.ncbi.nlm.nih.gov/pubmed/17263457
http://dx.doi.org/10.1002/pca.739
http://www.ncbi.nlm.nih.gov/pubmed/14979524
http://dx.doi.org/10.1080/14786419.2010.528417
http://www.ncbi.nlm.nih.gov/pubmed/21409729
http://dx.doi.org/10.3390/ijms160817696
http://www.ncbi.nlm.nih.gov/pubmed/26263984
http://dx.doi.org/10.1186/s12906-016-1043-y
http://www.ncbi.nlm.nih.gov/pubmed/26888665
http://dx.doi.org/10.1155/2013/138950
http://dx.doi.org/10.1007/s10600-013-0759-x
http://dx.doi.org/10.1007/BF00598181
http://dx.doi.org/10.1055/s-2006-961831
http://www.ncbi.nlm.nih.gov/pubmed/17262260
http://dx.doi.org/10.1016/j.phytochem.2004.07.024
http://www.ncbi.nlm.nih.gov/pubmed/15501256
http://dx.doi.org/10.1016/j.jep.2014.05.050
http://www.ncbi.nlm.nih.gov/pubmed/24892830
http://dx.doi.org/10.1007/s11030-010-9297-7
http://www.ncbi.nlm.nih.gov/pubmed/21207144
http://dx.doi.org/10.1007/s10600-014-1030-9
http://dx.doi.org/10.1007/s10600-014-1041-6
http://dx.doi.org/10.1155/2014/654193
http://www.ncbi.nlm.nih.gov/pubmed/24683352
http://dx.doi.org/10.1016/j.ejps.2007.10.004
http://www.ncbi.nlm.nih.gov/pubmed/18082383
http://dx.doi.org/10.1021/jf051985c
http://www.ncbi.nlm.nih.gov/pubmed/16248550


Int. J. Mol. Sci. 2017, 18, 1685 17 of 17

39. Pietta, P.G. Flavonoids as antioxidants. J. Nat. Prod. 2000, 63, 1035–1042. [CrossRef] [PubMed]
40. Remya, C.; Dileep, K.V.; Tintu, I.; Variyar, E.J.; Sadasivan, C. Design of potent inhibitors of acetylcholinesterase

using morin as the starting compound. Front. Life Sci. 2012, 6, 107–117. [CrossRef]
41. Balkis, A.; Tran, K.; Lee, Y.Z.; Ng, K. Screening flavonoids for inhibition of acetylcholinesterase identified

baicalein as the most potent inhibitor. J. Agric. Sci. 2015, 7, 26–35. [CrossRef]
42. Jung, J.; Park, M. Acetylcholinesterase inhibition by flavonoids from Agrimonia pilosa. Molecules 2007, 12,

2130–2139. [CrossRef] [PubMed]
43. Orhan, I.; Kartal, M.; Tosun, F.; Sener, B. Screening of various phenolic acids and flavonoid derivatives for

their anticholinesterase potential. Z. Naturforsch. 2007, 62, 829–832. [CrossRef]
44. Katalinic, M.; Rusak, G.; Barovic, J.D.; Šinko, G.; Jelic, D.; Antolovic, R.; Kovarik, Z. Structural aspects of

flavonoids as inhibitors of human butyrylcholinesterase. Eur. J. Med. Chem. 2010, 45, 186–192. [CrossRef]
[PubMed]

45. Mills, S.; Bone, K. The Essential Guide to Herbal Safety; Elsevier: St. Louis, MO, USA, 2005; pp. 309–312.
46. Olennikov, D.N.; Kashchenko, N.I.; Chirikova, N.K. Meadowsweet teas as new functional beverages:

Comparative analysis of nutrients, phytochemicals and biological effects of four Filipendula species. Molecules
2017, 22, 16. [CrossRef] [PubMed]

47. Bezbradica, D.; Milic-Ascrabic, J.; Petrobic, S.D.; Siler-Marinkovic, S. An investigation of influence of solvent
on the degradation kinetics of carotenoids in oil extracts of Calendula officinalis. J. Serb. Chem. Soc. 2005, 70,
115–124. [CrossRef]

48. Wójciak-Kosior, M. Separation and determination of closely related triterpenic acids by high performance
thin-layer chromatography after iodine derivatization. J. Pharm. Biomed. Anal. 2007, 45, 337–340. [CrossRef]
[PubMed]

49. Chirikova, N.K.; Olennikov, D.N.; Tankhaeva, L.M. Quantitative determination of flavonoid content in
the aerial part of Baical scullcap (Scutellaria baicalensis Georgi). Russ. J. Bioorg. Chem. 2010, 36, 915–922.
[CrossRef]

50. Galvez, M.; Martin-Cordero, C.; Houghton, P.J.; Ayuso, M.J. Antioxidant activity of methanol extracts
obtained from Plantago species. J. Agric. Food Chem. 2005, 53, 1927–1933. [CrossRef] [PubMed]

51. Olennikov, D.N.; Tankhaeva, L.M.; Samuelsen, A.B. Quantitative analysis of polysaccharides from Plantago
major leaves using the Dreywood method. Chem. Nat. Compd. 2006, 42, 265–268. [CrossRef]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1021/np9904509
http://www.ncbi.nlm.nih.gov/pubmed/10924197
http://dx.doi.org/10.1080/21553769.2013.815137
http://dx.doi.org/10.5539/jas.v7n9p26
http://dx.doi.org/10.3390/12092130
http://www.ncbi.nlm.nih.gov/pubmed/17962731
http://dx.doi.org/10.1515/znc-2007-11-1210
http://dx.doi.org/10.1016/j.ejmech.2009.09.041
http://www.ncbi.nlm.nih.gov/pubmed/19879672
http://dx.doi.org/10.3390/molecules22010016
http://www.ncbi.nlm.nih.gov/pubmed/28035976
http://dx.doi.org/10.2298/JSC0501115B
http://dx.doi.org/10.1016/j.jpba.2007.05.011
http://www.ncbi.nlm.nih.gov/pubmed/17587531
http://dx.doi.org/10.1134/S1068162010070204
http://dx.doi.org/10.1021/jf048076s
http://www.ncbi.nlm.nih.gov/pubmed/15769115
http://dx.doi.org/10.1007/s10600-006-0096-4
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results and Discussion 
	Chemical Composition and Anti-Acetylcholinesterase Potential of 23 Varieties of C. officinalis Flowers 
	Flavonoid Profile of C. officinalis Flowers’ Extract and High-Performance Liquid Chromatography (HPLC) Activity-Based Profiling of Acetylcholinesterase Inhibitors 
	Acetylcholinesterase Inhibitory Activity of C. officinalis Flavonoids 
	Flavonoid Content in Marigold Flower Products 

	Materials and Methods 
	Chemicals 
	Plant Material 
	Sample Preparation for the Extraction of Total Phytochemicals and Anti-acetylcolinesterase Acitivity Determination 
	Chemical Composition Analytical Methods 
	Anti-Acetylcholinesterase Activity Microplate Assay 
	Microcolumn Reversed-Phase High-Performance Liquid Chromatography with Ultraviolet Detection (MC-RP-HPLC-UV) Conditions 
	Microcolumn Reversed-Phase High-Performance Liquid Chromatography with Electrospray Ionization Mass Spectrometry Detection (MC-RP-HPLC-ESI-MS) Conditions 
	HPLC Activity-Based Profiling 
	Statistical Analysis 

	Conclusions 

