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Featured Application: This study provides valuable data on the influence of extraction techniques
on the recovery of bioactive compounds from Calendula officinalis useful for the formulation of
therapeutic preparations.

Abstract: Calendula officinalis L., (marigold), well known for its medicinal properties, has been
extensively studied for its therapeutic properties. Nonetheless, as far as the literature could establish,
no study has attempted to comparatively assess the biological (antioxidant and enzyme inhibitory
potential) of the flowers, leaves, and roots of C. officinalis extracted using conventional (maceration and
Soxhlet extraction (SE)) and non-conventional extraction (homogenizer (HAE) and ultrasound (UAE)
assisted extraction) techniques. The detailed phytochemical profile of each extract along with the
concentration of specific bioactive compounds has also been established. Total phenolic content was
highest for the flower extracts while flavonoid content was highest in the leaf extracts. Phytochemical
profiling showed that the extraction method influenced the phytochemical composition of the extract.
Nicotiflorin was identified in the flower extracts only while amentoflavone occurred only in the
roots, inferring that the occurrence of bioactive compounds varies within a plant. The flower extracts
showed highest antioxidant potential while the roots extracts were potent inhibitors of cholinesterase
and tyrosinase. This study provides valuable data on the influence of extraction techniques on the
recovery of bioactive compounds from plants. In an endeavor to scale-up extraction from plant
considering the more efficient extraction method is of paramount importance. Moreover, the study
highlighted the necessity to thoroughly examine the biological activities of various parts of a plant
obtained via different extraction protocols.
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1. Introduction

Plant-derived bioactive compounds have always served a sustainable resource for drug,
nutraceutical and cosmeceutical development. However, the first step in this endeavor, is the
selection of the best plant part and an appropriate extraction protocol which yields best activity.
In this respect, several conventional and non-conventional extraction methods have been designed
and used in a plethora of studies. Among these methods, soxhlet, maceration or percolorization are
considered as conventional methods. However, the conventional methods have some disadvantages
such as the use of high volume of solvent and long extraction times. In this sense, recently some
new and improved techniques have emerged as green or non-conventional extraction techniques.
Ultrasound-assisted, homogenizer-assisted, and microwave-assisted extractions are classified as the
green extraction methods. The green extraction methods allows working with low volume of solvents
as well as shorter extraction times. In addition, these methods gave higher extraction yields. Altogether,
the selection of the best extraction method is one of the most popular subjects in the chemical and
biological investigations [1,2].

In the present study, Calendula officinalis (Asteraceae), an important species of the genus Calendula
and is well known for its medicinal properties [3], was investigated for biological activity based on
different extraction protocols. Also known as pot marigold, C. officinalis has been cultivated as a food
and medicinal plant since the Middle Ages and the colorant made from this plant was used in the ancient
Greece and Rome and by early Indian and Arabic population [4]. In previous studies, the flowers and
leaves of C. officinalis have been reported as a source of biologically active compounds. For example,
in a study conducted by Cruceiru et al [5] described that the presence of hydroxycinnamic acids and
flavonols in the flowers and leaves of C. officinalis. Similarly, quercertin and apigenin derivatives
were found to be in the hydroalcoholic extract of flower [6]. In addition to phenolics, the leaves and
flowers contained saponins, triterpenoids, essential oils, and carotenoids [7-11]. C. officinalis seeds are
particularly rich in calendic acid which is used in cosmetic formulations. The flowers are exploited
as a commercial source of lutein. The cell rejuvenates, healing, anti-inflammatory, soothing and skin
softening properties of C. officinalis flower support its use in skin care products [3]. The antimicrobial
and antifungal properties of C. officinalis flower extract support its application for the treatment of
inflammation and skin wounds [12]. The application of C. officinalis cream balm to diabetic patients’
feet prevented infection, reduced itching, redness, dryness, pain, and promoted the disappearance of
scars [13]. Favorable proliferation and adhesion to fibroblast cell as well as antibacterial properties was
observed while incorporating C. officinalis extract to an electrospun fiber scaffold consisting of poly
(e-caprolactone), zein, and gum Arabic as compared to plain PCL/zein/GA scaffold, thereby suggesting
the possible application of C. officinalis embedded scaffolds biomaterial for skin regeneration [14].
The Food and Drug Administration (FDA) has classified C. officinalis as a GRAS (Generally Recognized
as Safe) substance [15]. Edible Calendula flowers possessing nutritional properties and being rich in
quinic acid and o«-tocopherol, were used for the preparation of omelets, salads, and as accompaniment
with cheese in Medieval France [16]. The flower extract was used to manage measles, smallpox;
the flower juice was used to treat skin diseases, ulcers, costiveness, jaundice, fever, wounds, and to
suppress menstruation, promote sweating, and prevent suppuration; infusion of the plant was used to
manage anemia and the ointment was used against bruises, sores, cracks, and cuts in the hands [7].
C. officinalis teas were taken against colitis, gastroduodenitis, and duodenal ulcers [17]. Literature
has shown that C. officinalis has been extensively studied for its various health properties. Although,
considerable research work has been conducted on this plant, no scientific report has comparatively
assessed the biological potential of different plant parts of C. officinalis. Therefore, the present study
aims at investigating the biological properties of methanol extracts of the flowers, leaves, and roots of
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C. officinalis. Maceration and Soxhlet extraction, categorized as conventional extraction methods, and
homogenizer and ultrasound assisted extractions, categorized as non-conventional extraction methods,
were used.

2. Materials and Methods

2.1. Plant Material and Extracts Preparation

The raw plant material was obtained in a field study (in a wild population) of Bosna-Hersek
location (Selcuklu, Konya, Turkey), in April 2020. The plant name was confirmed by one botanist,
Dr. Evren Yildiztugay and one species were kept as voucher specimen in the herbarium (KNYA).
The flowers, leaves and roots carefully separated and then the plant samples were kept in 10 day in
a shade for 10 days to dry. A laboratory mill was used to powder these plant samples (particle size
about 2 mm).

To obtain extracts, homogenizer-assisted (HAE), maceration (MAC), soxhlet (SOX),
and ultrasound-assisted (UAE) extraction methods were used. Methanol (purchased from Merck,
Darmstadt, Germany), was used as a solvent in these methods. HAE was performed using ultra-turrax
(IKA- T25, IKA®-Werke GmbH & Co. KG, Staufen, Germany), while UAE was performed in
an ultrasound bath (Daihan, WUC-D10H, Wonju-si, Korea). MAC and SOX were selected as
conventional methods and they were performed by using one magnetic stir (Daihan, Plate-type
MSH-20D, Wonju-si, Korea) and soxhlet apparatus (Isolab, Istanbul, Turkey), respectively. We used the
ratio 1/20 (plant/solvent) in these methods. The details of extraction procedures are summarized in
Figure 1. The extracts were filtered and using one rotary-evaporator was used to remove solvents.
Obtained extracts were kept at 4 °C until analysis.

2 g plant samples were extracted with methanol 2 g plant samples were sonicated with methanol

(40 mL) by using an ultra-turrax at 6000 x g for (40 mLlL) in one ultrasound bath (ultrasound

5 min frequency of 30 KHz) for min at 30 °C
——

“ Wineea

2 g plant samples were ted with 2 g plant samples were extracted with
methanol (40 mL) at room temperature for methanol (40 mL) in a soxhlet apparatus for
24h 6h

Figure 1. The performed extraction procedures in the current study.
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2.2. Profile of Bioactive Compounds

The total phenolic, and flavonoid contents of the extracts were measured as previously described
in detailed [18,19]. Briefly, in the total phenolic assay, the plant extracts (50 uL, 1 mg/mL) were mixed
with Folin—Ciocalteu reagents (100 pL (diluted 1/9 with water) Merck) and then sodium carbonate
added (75 pL, 2% aqueous solution, Sigma-Aldrich, St. Louis, MO, USA). After 120 min incubation at
room temperature, the absorbances were measured at 765 nm. Regarding total flavonoid content assay;,
the plant extracts (200 puL, 1 mg/mL) were mixed with aluminum chloride (2% methanolic solution,
Sigma-Aldrich). After 15 min incubation at room temperature, the absorbances were read at 415 nm.
Results were expressed as equivalent of standards, namely gallic acid (GAE) for phenolics, and rutin
(RE) for flavonoids.

2.3. Mass Spectrometer and Chromatograph Conditions

The instrument system used for the quantitative screening of 53 phytochemicals in the studied
extracts was a Shimadzu brand liquid chromatography-mass spectrometry (LCMS)-8040 model tandem
mass spectrometer coupled with a Nexera model ultra-high performance liquid chromatograph
(U-HPLC, Shimadzu, Kyoto, Japan). Binary pumps (LC 30AD), a column oven (CTO 10 ASvp),
an autosampler (SIL 30 AC) and a degasser (DGU 20 A3R) were the components of the separation
system (the chromatograph). The analyses were performed by a previously developed and validated
liquid chromatography-mass spectrometry/mass spectrometry LC-MS/MS method [20]. The detailed
analytical parameters of the applied validated method were given in Supplementary Materials.

2.4. Antioxidant and Enzyme Inhibitory Assays

Reducing power, metal chelating, phosphomolybdenum and free radical scavenging assays
were preferred as antioxidant assays. Standard compounds including trolox (TE/g extract) and
ethylenediamine tetraacetate (EDTAE/g extract) were used to express antioxidant abilities. Enzyme
inhibitory abilities were tested against different enzymes including o-glucosidase, «-amylase,
cholinesterases and tyrosinase. Standard inhibitors namely acarbose, kojic acid and galantamine were
used to express the enzyme inhibition abilities (mg standard equivalent/g extract). The details for these
assays were given in our earlier paper [21].

2.5. Data Analysis

Data were reported as mean + standard deviation. Means comparison of total bioactive compounds
and pharmaceutical activities were done using one-way anova. When significant occurred (at p < 0.05),
post-hoc test were achieved using Tukey’s test. Hierarchical cluster analysis was achieved to assess
whether distinct clusters with homogeneous running patterns can be pinpoint among the studied
samples. The Euclidean distance and Ward’s linkage method were employed. Following the
hierarchical cluster analysis (HCA) and partial least squares-discriminant analysis (PLS-DA) was
performed to highlight the pharmaceutical activities mostly varied from a cluster to another. Finally,
the pharmaceutical activities characteristic of each clusters were identified. The statistical evaluation
was performed on R version 3.6.2 software.

3. Results and Discussion

3.1. Chemical Profile

Table 1 reports the amounts of phenolics and flavonoids in the tested extracts, as well as the results
of phosphomolybenum assay. Total phenolic content was highest for the flower extracts, followed
by the leaf extracts, and finally extracts from the roots. A previous investigation reported that the
methanol extract of C. officinalis flower possessed highest phenolic and flavonoid contents as compared
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to the corresponding leaf extract [22]. Regarding the flavonoid content, the leaf extracts showed highest
content, followed by extracts from the flower and roots (Table 1).

Table 1. Total phenolic (TPC), flavonoid (TFC) and antioxidant capacity of the tested extracts.

Parts Methods TPC (mg GAE/g extract) TFC (mg RE/g extract) PBD ( mmol TE/g extract)
HAE 32.18 £ 0.40 P 28.48 +0.40 4 2.10 +0.08 2
Flowers MAC 34.27 £0.402 28.38 + 0.454 2.14 +0.13 2
UAE 32.32 +£0.40° 2841 +0504 2.08 +0.022
SOX 30.96 +0.17 © 32.50 + 0.67 < 1.68 + 0.02 bed
HAE 2357 +030f 31.60 £ 0.74 ¢ 1.91 £ 0.09 &b
Leaves MAC 25.20 + 0.26 © 28.33 +£0.144 1.66 + 0.07 &4
UAE 24.39 +0.14 of 3295+ 0.35P 1.84 + 0.06 b<
SOX 27.93 +0.254 34.61 +£0.292 1.52 £0.11 e
HAE 18.40 + 0.37 8 254 +0.09© 1.29 + 0.09 &f8
Roots MAC 19.27 £ 0.258 245+0.12¢ 1.26 + 0.05 &8
UAE 16.49 + 0.39 0 245+ 0.07¢ 1.49 + 0.09 def
SOX 17.36 +0.19 1 2.62 +0.06 ¢ 1.17 £0.08 8

Values are reported as mean +S.D. PBD: Phosphomolybdneum assay; HAE: Homogenizer assisted extraction; MAC:
Maceration; UAE: Ultrasound assisted extraction; SOX: Soxhlet. GAE: Gallic acid equivalent; RE: Rutin equivalent;
TE: Trolox equivalent. Different superscripts (a-h) in the same column indicate significantly differences among the
tested extracts (p < 0.05, by ANOVA assay).

Table 2 shows detailed chemical composition of the different extracts along with the concentration
of specific compounds present. It was noted that extraction method influenced the biochemical
composition of extracts. For instance, fumaric acid concentration was highest in flower extract obtained
by Soxhlet extraction; catechin was identified in the flower and root extracts obtained by Soxhlet
extraction only. Hesperidin, astragalin, and rutin were identified in the flower and leaves only.
Hesperidin and rutin concentration were highest in the flower extracts (3.076-2.618 and 4.810-3.656
mg/g extract, for hesperidin and rutin, respectively). Caffeic acid concentration was highest in Soxhlet
extracts (0.635, 0.963, and 0.734, for the flower, leaf, and root, respectively), suggesting that Soxhlet
extraction might be more suitable for caffeic acid extraction. Nicotiflorin was identified in the flower
extracts only while amentoflavone occurred only in the roots (Table 2). Cosmosiin was extracted from
C. officinalis leaves using conventional maceration and Soxhlet extraction methods. The flower extracts
obtained by homogenizer assisted, maceration, and ultrasound assisted extraction showed highest
total antioxidant capacity (2.14-2.08 mmol TE/g extract). In the literature, the different level of total and
individual compounds in the different parts of C. officinalis were reported by several authors [6,23-26].
The different level could be explained by climatic, geographical and genetic factors. Taken together,
C. officinalis might be regarded as a potential raw material for bioactive constituents.
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Table 2. Chemical composition of the tested extracts (mg/g extract).

Analyte 1 2 3 4 5 6 7 8 9 10 11 12
Vanillin N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Daidzin N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Piceid N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Coumarin N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Hesperidin 2.964 3.076 3.091 2.618 0.343 0.264 0.284 0.297 N.D. N.D. N.D. N.D.
Quinic acid 8.757 6.362 6.322 13.426 4.847 4.889 4.262 6.804 4.329 4.646 4.072 5.896
Fumaric aid 3.739 3.758 3.141 10.322 5.122 5.077 4.154 1.145 1.129 5.236 3.255 8.746
Aconitic acid N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Gallic acid N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Protocatechuic acid 0.084 0.124 0.121 0.120 0.074 0.090 0.075 0.112 0.089 0.112 0.066 0.127
Gentisic acid N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Epigallocatechin N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Protocatechuic aldehyde N.D. N.D. 0.028 0.023 0.043 0.048 0.046 0.061 0.072 0.076 0.045 0.083
Catechin N.D. N.D. N.D. 0.088 N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.025
Chlorogenic acid 8.555 9.214 8.532 8.313 8.748 8.575 7.036 10.118 4901 4.835 3.767 4.869
Tannic acid N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
4-OH Benzoic acid N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Epigallocatechin gallate N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Cynarin N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.042 N.D. N.D.
Vanilic acid N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Epicatechin N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Caffeic acid 0.405 0.535 0.477 0.635 0.571 0.610 0.472 0.963 0.422 0.572 0.357 0.734
Syringic acid N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Syringic aldehyde N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Epicatechin gallate N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
p-Coumaric acid N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Sinapic acid N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Ferulic acid 0.084 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Salicylic acid 0.398 0.649 0.561 0.570 0.463 0.670 0.393 0.724 0.192 0.302 0.229 0.350
Cyranoside N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Miquelianin 0.015 N.D. 0.015 0.023 0.003 0.013 0.011 0.005 0.004 0.006 0.007 0.005
isoquercitrin 2.645 3.706 2.600 5.512 9.778 13.562 7.056 24.907 0.996 0.421 0.207 0.545

6 of 16
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Table 2. Cont.

Analyte 1 2 3 4 5 6 7 8 9 10 11 12
Rutin 3.844 4.351 4.810 3.656 0.557 0.365 0.458 0.518 N.D. N.D. N.D. N.D.
Genistin N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
0-Coumaric acid N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Ellagic acid N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Rosmarinic acid N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Fisetin N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Cosmosiin N.D. N.D. N.D. N.D. N.D. 0.038 N.D. 0.051 N.D. N.D. N.D. N.D.
Quercitrin N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Astragalin 0.135 0.174 0.129 0.250 0.327 0.350 0.204 0.629 N.D. N.D. N.D. N.D.
Nicotiflorin 0.484 0.537 0.570 0.468 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Daidzein N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Genistein N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Quercetin N.D. 0.047 0.046 0.068 0.047 0.044 0.048 0.082 N.D. N.D. N.D. N.D.
Luteolin 0.003 0.004 0.006 0.005 0.007 0.008 0.008 0.010 0.003 0.003 0.002 0.002
Hesperetin N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Naringenin N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Kaempferol N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Apigenin N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Amentoflavone N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.002 0.002 0.001 0.001
Acacetin N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Chrysin N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

7 of 16

N.D: Not determined. 1-Flowers-HAE; 2-Flowers-MAC; 3-Flowers-UAE; 4-Flowers-SOX; 5-Leaves-HAE; 6-Leaves-MAC; 7-Leaves-UAE; 8-Leaves-SOX; 9-Roots-HAE; 10-Roots-MAC;

11-Roots-UAE; 12-Roots-SOX.
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3.2. Antioxidant Effects

Several investigations have reported the antioxidant potential of C. officinalis. As an
example, the ethanol extract of C. officinalis flower showed to reduce Fe?* to Fe?* (ferric reducing
antioxidant power or FRAP assay) [27]. Ethanol extract of C. officinalis flower scavenged
2,2"-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) and 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radicals at an ICs of 6.5 and 100 ng/mL, for respective assays [28]. In the present study, the flower
extracts showed highest radical scavenging and reducing potential (Table 3). In general, the Soxhlet
extract of C. officinalis flower (37.58, 57.69, and 63.43 mg TE/g, for DPPH, ABTS, and FRAP assays,
respectively) showed highest equivalent values, meaning highest activity. The radical scavenging
properties of natural compounds are often related to their ability to quench free radicals. As such,
rutin and nicotiflorin, and isoquercitrin, identified in higher concentration in C. officinalis flower
have been shown to scavenge free radicals [29]. Extracts of C. officinalis roots were the least active.
C. officinalis leaf extracts showed highest chelating activity. Relevantly, isoquercitrin, identified in high
level in C. officinalis leaf Soxhlet extract (24.907 mg/g extract), has been reported to show remarkable
chelating potential [30]. The pivotal role of oxidants in the onset, progression, and exacerbation of
human diseases has rendered antioxidant determination crucial for the development of novel drug
candidates. In fact, the ability of a molecule to exhibit antioxidant potential as well as interacting
with other biological pathways is an attractive therapeutic strategy. We observed some results for
antioxidant properties of C. officinalis. For example, Petkova et al [25] reported antioxidant properties
of infusion and decoction from flowers of C. officinalis via different chemical methods such as DPPH,
ABTS, FRAP, and cupric reducing power (CUPRAC) and the authors noted that the extracts exhibited
moderate efficiency. Also, Ourabia et al [24] reported moderate activity of C. officinalis on ABTS and
DPPH assays. Pires et al [31] studied the antioxidant activities of hydroalcoholic and infusion of
C. officinalis flowers with DPPH and FRAP assays and the hydroalcoholic one exhibited stronger ability
when compared infusion. Marian et al [32] also reported antioxidant properties of hydroalcoholic
extract from C. officinalis flowers. These findings could provide that the alcohol could be useful for the
preparing novel products from C. officinalis, to increase efficiency.

Table 3. Antioxidant properties of the tested extracts.

Parts Methods DPPH (mg ABTS (mg CUPRAC (mg FRAP (mg Metal Chelating (mg
TE/g extract) TE/g extract) TE/g extract) TE/g extract) EDTAE/g extract)
HAE 3590 £ 0.06P¢ 4611 +0.59P 10753 +2.973P 5594+ 041° 12.58 + 0.24 e
Flowers MAC 34.75+024° 4815+ 1.49° 109.68 +£2.70 2 58.96 + 1.57 b 1359 + 0.74 4
UAE 3218 +£0319  46.61+0.27P 103.11 £ 1.29° 52.75 +1.214 10.79 + 0.17 ¢
SOX 3758 +0.692  57.69+0642 10621 +0.19%P 6343 +141°2 16.95 + 0.47
HAE 2740 +£031f  3553+043d  80.91 + 04749 47.75 £ 0.92 8 2226 +2.23b
Leaves MAC 3038 £0.92¢ 3596 + 0.61 ©4 7532 +1.63¢ 49.02 £ 0.29 &f 20.11 + 0.06®
UAE 28.07 +0.19f 3537 +0.734 83.69 +1.184 4491+ 0714 21.65+0.87b
SOX 36.78 £0213P 4716 +0.81P 89.74 +1.63°  51.63 +0.369° 26.11 + 0.40 2
HAE 2402 +0378  30.95+1.02¢ 57.65 + 0.37 f 35.37 + 0.04 1 13.02 £ 0.32 de
Roots MAC 2057 +0250  32.60+0.07¢ 5791 +0.75f 35.37 + 0.97‘_1 13.04 + 1.14 9
UAE 2129+0.11"  3053+0.95¢ 56.36 + 0.83 f 30.55 + 1.70 i 11.01 £ 0.73 ¢
SOX 21.84+095h  37.70+0.80°¢ 57.33 +0.82f 36.02 +0.28 1 16.51 + 0.34 ¢

Values are reported as mean +S.D. HAE: Homogenizer assisted extraction; MAC: Maceration; UAE: Ultrasound
assisted extraction; SOX: Soxhlet. TE: Trolox equivalent: EDTAE: EDTA equivalent. Different superscripts (a—i) in
the same column indicate significantly differences among the tested extracts (p < 0.05, by ANOVA assay).

3.3. Enzyme Inhibitory Properties

Current pharmacological approach to treat Alzheimer’s disease includes cholinesterase inhibitors
administration in order to maintain normal level of acetylcholine [33]. Both acetyl (AChE) and butyryl
(BChE) cholinesterase catalyze the hydrolysis of acetylcholine thereby terminating cholinergic signals in
the nervous system. In the current investigation, the root extract of C. officinalis obtained by maceration
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showed highest inhibition against AChE (2.54 mg GALAE/g extract) while the homogenizer assisted
extract showed highest inhibition against BChE (6.08 mg GALAE/g extract). Ercetin et al [22] reported
that the different solvent extracts (n-hexane, dicholoromethane, acetone, ethyl acetate, methanol
and water) from C. officinalis leaves and flowers exhibited the low inhibition values on AChE and
BChE. The ethyl acetate extracts exhibited the best inhibitory effects among them and the findings
could indicate that the plant has a complex phytochemical profile. Amentoflavone, identified in the
roots, was previously identified in other plants possessing cholinesterase inhibitory properties [34,35].
Amentoflavone inhibited AChE in scopolamine-induced memory impaired mice [36]. Cynarin,
characterized from the maceration extract of C. officinalis roots (0.042 mg/g extract), was previously
reported to fit to AChE catalytic triad [37]. The hydroxycinnamic acid derivative was reported to inhibit
AChE with an ICs( value of 243.67 nM [38]. The ability of the C. officinalis extracts to inhibit tyrosinase
was also investigated. Topical cream enriched with C. officinalis ethanol extract was reported to reduce
skin melanin content [39]. However, the authors did not mention the exact plant part used for this study.
Ethanolic extract of the leaves of C. officinalis was reported to possess a-amylase inhibitory activity [40].
However, findings gathered from this study showed that C. officinalis extracts exhibited weak inhibition
against x-amylase and o-glucosidase. C. officinalis flower extract exhibited <30% and <45% inhibition
at 20 mg/mL and 500 pg/mL, for x-amylase and o«-glucosidase, respectively [40]. As shown in Table 4,
in general the flower extract showed highest inhibition against «-amylase, followed by the leaf extracts
and finally the root extracts, while the root extracts were more active against «-glucosidase and flower
extracts were the least active. Following our literature survey, it was noted that scientific information
regarding the enzyme inhibition properties of C. officinalis is scarce. Thus, our presented findings could
provide valuable information for novel applications with C. officinalis.

Table 4. Enzyme inhibitory properties of the tested extracts.

AChE BChE Tyrosinase Amylase Glucosidase
Parts Methods Inhibition Inhibition Inhibition (mg Inhibition Inhibition
(mg GALAE/g (mg GALAE/g KAE/ (mmol ACAE/g  (mmol ACAE/g
g extract)
extract) extract) extract) extract)
HAE 152+0.119  283+0369ef  69.86+046° 0.25 +0.012 0.05+0.02f
Flowers MAC 2.05 + 0.29 b< 220+045f 70.16 + 0.41 © 0.24 £ 0.01 &P 0.09 £0.01f
UAE 1.94+0.13°¢ 242 +0.12f 70.97 + 0.36 ¢ 0.24 +0.01 &P 0.51 £ 0.06 ¢
SOX 2.08 +0.19 be 0.76 + 0.09 8 69.83 +0.82° 023 +0.01° 0.66 + 0.02 ¢4
HAE na 3.48 +0.28 ¢4 72.82 +£0.27b 0.20+0.01°¢ 0.75 + 0.01 b<
Leaves MAC na 437 +020b 73.95 + (.33 2b 0.18 £ 0.01 de 0.75 + 0.01 bed
UAE 2.16P< 3.84 +0.20 b 72.84 £ 0.03 P 0.20 + 0.01 ¢4 0.75 + 0.01 &b«
SOX na 281 +0069ef  69.66+0.76¢ 021 +0.01°¢ 0.65+0.094
HAE na 6.08 £0.282 74.05 + 0.41 3P 0.18 £ 0.01 9 0.79 £ 0.01 &P
Roots MAC 254+0082 343+021%de 7443 +1313P 0.17 £0.01 ¢ 0.85+0.012
UAE na 572 +£0.622 74.66 + 0.08 2 0.18 £0.01°¢ 0.83 £ 0.01 &P
SOX 238 +£0.14%  2571+0.08¢f 70.50 + 0.29 © 0.18 + 0.01 de 0.83 +0.01 &b

Values are reported as mean +S.D. HAE: Homogenizer assisted extraction; MAC: Maceration; UAE: Ultrasound
assisted extraction; SOX: Soxhlet. GALAE: Galatamine equivalent; KAE: Kojic acid equivalent; ACAE: Acarbose
equivalent. na: Not active. Different superscripts (a—g) in the same column indicate significantly differences among
the tested extracts (p < 0.05, by ANOVA assay).

3.4. Multivariate Analysis

All samples were clustered using hierarchical clustered analysis in consideration of their
antioxidant properties and enzyme inhibitory abilities. The purpose of this analysis was to figure
out groups of samples that are relatively homogeneous and therefore that share specific biological
activities in common. At the outset, the optimal number of cluster in the data set was determined by
the estimation of the variance within the cluster. As shown in Figure 2A, a bend was observed at k
equal to 3 which meant that added clusters beyond the third have little value. Thus, the suggested
number of clusters was 3. Figure 2B showed the Clusters depiction of HCA; as can be seen the samples
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was consolidated depending on the plant parts. Cluster 1 comprised of the samples derived from the
flower part, cluster 2 included the samples of the leaves part while cluster 3 was an assemblage of roots
samples. The clustering structure was acceptable since the average silhouette width was close to 1.

HCA approach shown that C. officinalis biological activities were mainly influenced by the organ’s
nature; however, no information related to how the biological activities mostly varied from a part to
another were identified. Therefore, applying partial least squares discriminant analysis, can help to
provide the information on these aspects. Figure 3 depicted the outcomes of PLS-DA by considering
the type of parts as class memberships. According to Figure 2A, a complete separation from the three
plant parts was observed along the first two function of the model. The discrimination result was
the same with HCA, with an excellent predicted value (Area Under Curve (AUC)) for the first two
function was 1). The biological activities mostly influenced by the type of part were identified based
on the variable’s importance in projection. Eight biological assays i.e., metal chelating, anti-amylase
anti-glucosidase and all the antioxidant assays had a variable importance in projection (VIP) score
above 1; this suggested that the results of that assays varied considerably from an organ to another.

The present study revealed that the distribution of phytoconstituents as well as the derived
biological activities of C. officinalis differ significantly between the different parts. This observation is
in line with that of [41] who indicated that the synthesis and accumulation of the molecules varied
to one organs to another of the same plant, as a consequence of their differential gene expression
which by extension impacts the pharmaceutical activities of the plant extracts. Much further according
to these authors reported that the amount and composition of bioactive compounds differ at the
sub-cellular level as well as within plant tissues. On the other hand, del Bafio, et al. [42] mentioned
that the differential distribution of phenolic compounds in the different part of plants is due to their
endogeneous biosynthesis and within their transport to one organ to another as well. When compared
the biological activities of the different organs, the flower extracts showed the higher total antioxidant
content and free radical scavenging (ABTS and DPPH), power reducing (FRAP and CUPRAC) and
anti-amylase activities compared to the extracts of the other organs (Figure 4). Nevertheless, overall
weak BChE, tyrosinase, metal chelating activity (MCA) and glucosidase activities were detected for
flowers extracts. Higher metal chelating activity were obtained with the leaves extracts whereas their
anti-tyrosinase and anti-glucosidase activities were close to those of the roots” extracts. Despite our
findings that the biological activities of C. officinalis were predominantly influenced by the type of organs,
it is worth noting that within organs there is a remarkable extraction process effect on the biological
activities. Numerous publications reported the variation of the nature and yield of biocompounds as
well as the bioactivities of the extracts obtained using different extraction techniques [43-46]. It is well
known that biologically active molecules occur in low concentration in plant materials. Thus, extraction
is a crucial in the discovery of biologically-active molecules from herbal materials.
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Figure 2. Hierarchical cluster analysis on the biological activities of Calendula officinalis samples. (A): Estimation of the optimal number of clusters. (B): Cluster plot.
(C): Assessment of the goodness of the cluster analysis using the average distance between the clusters.
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Figure 4. Comparison of antioxidant properties and enzyme inhibitory capacities of the different organs of C. officinalis. (a) ABTS radical scavenging, (b) DPPH radical
scavenging, (c) CUPRAC assay, (d) FRAP assay, (e) Metal chelating (MCA) assay, (f) Phosphomolybdenum (PBD) assay, (g) AChE inhibition, (h) BChE inhibition,
(i) Tyrosinase inhibition, (j) Amylase inhibition, (k) Glucosidase inhibition.
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4. Conclusions

Data presented here clearly showed that extraction method influenced the phytochemical
composition of herbal extracts and that phytochemical profile varied from one plant part to the
other. In the current study, the flower extract of C. officinalis demonstrated the best scavenging effect
and reducing potential. However, the leaf extract exhibited the highest metal chelating potential.
Extracts obtained by Soxhlet extraction were associated with potent antioxidant propensities. The root
extracts of C. officinalis exhibited potent inhibitory potential against cholinesterases and tyrosinase.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-3417/10/17/5920/s1,
Table S1. Analytical method validation parameters that belong to the LC-MS/MS method.
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