Neuro Quantology | September 2022 | Volume 20 | Issue 9 | Page 3393-3402 | doi: 10.14704/nq.2022.20.9.NQ44389
Saswati Panigrahi, Uma Shankar Mishra, Prasanna Kumar Dixit, Piyusha Ranjan Mishra/ Isolation and Characterization of Bioconstituents
Present in Calendula arvensis leaf

Isolation and Characterization of Bioconstituents Present
in Calendula arvensis leaf

Saswati Panigrahi?®, Uma Shankar Mishraz, Prasanna Kumar Dixit3, Piyusha Ranjan Mishra#

*Department of Pharmaceutical Chemistry, St. John Institute of Pharmacy and Research, Palghar,
Maharashtra, India- 401404.

2Department of Pharmaceutical Analysis and Quality Assurance, Royal College of Pharmacy and Health
Sciences, Berhampur, Odisha, India -760002.

3P.G. Department of Zoology, Berhampur University, Bhanja Bihar, Berhampur, Odisha, India -760007.

4Department of Pharmacology, Roland Institute of Pharmaceutical Sciences, Berhampur, Odisha, India -
760002.

*Corresponding author email: saswatipanigrahil@gmail.com

Abstract:

The objective of the present research was to identify the phytochemicals present in Calendula arvensis,
which was further subjected for characterization using hyphenated analytical techniques. In this study,
we investigated the chemical composition of the fractions from the leaves of C. arvensis. The various
fractions were further analysed for phytochemical composition and TLC fingerprinting. The fractions
were subjected to TLC and spectral analysis by Mass, and THNMR and 13CNMR spectra to characterize
isolated compounds. The chemical evaluation of the leaves of C. arvensis afforded the isolation of three
compounds on performing column chromatography. These compounds were confirmed by comparing
their chemical and spectral data with that of the published work of literature. A significant number of
compounds were isolated as quercetin, rutoside and calenduloside G. Further preclinical studies may be
extended to elucidate their mechanism of action.
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1. Introduction from C. arvensis L.'s aerial parts. The primary
substances included zingiberenol 1 (8.7-29.8%),
eremoligenol (4.2-12.5%), -curcumene (2.1-
12.5%), zingiberenol 2 (4.6-19.8%), and (E, Z)-
farnesol (3.5-23.4 percent). DPPH, FRAP, and -
carotene techniques were used to assess the
antioxidant activity of the essential oil and
extract. There was significant antioxidant activity
in the hydrosol extract. Penicillium expansum
and Aspergillus niger were used as test subjects

Calendula arvensis is a member of the Asteraceae
family, which is one of the largest plant groups
and, with a few exceptions, is composed primarily
of herbaceous plants. Calendula arvensis is a
plant whose many parts, including the leaves,
seeds, and flowers, have significant therapeutic
use. From the plant that is particularly helpful in
the creation of skin ointment, calendulin, salicylic
acid, oleanic acid, faradial, and arvidiol are

obtained (Akbar Ali and colleagues, 2006) for. the esse.nt.ia}l oil aTnd hydrosol extract's

] _ antifungal activities. Against P. expansum and A.
Sedative, analgesic, lymphagogue, demulcent, niger, the extract had the strongest inhibitory
choleretic, vulnerary, anti-tumour, mild anodyne, effects (Belabbes, et al, 2017).

anti-inflammatory, antioxidant, antiparasitic,
antiviral, and antiseptic properties are all present
in C. arvensis (Abudunia and colleagues, 2017).

GC-FID and GC/MS techniques were used to ;tructure V‘}’as lidentiﬁeg dasl 4'}?'(/ 3}'1D'
analyse the essential oils and hydrosol extract ucopyranosyl)-4-alloaromadendrole. The other
three compounds were fucopyranosyl
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derivatives of arvoside B with various
substituents in position (-2'). Chemical and
spectroscopic techniques were used to reveal the
compounds' structures (Nunziatina et al, 1987).
Greater antioxidant, cytotoxic, and anti-
inflammatory  capacity;  higher  phenolic
compound content; improved antimicrobial
activities against all of the tested bacterial and
fungal strains; and more.

Several disorders are treated using calendula
arvensis L. in conventional folk medicine. C.
arvensis's leaves, stems, and flowers were
extracted using a Soxhlet extractor and several
solvents (i.e.,, hexane, chloroform, ethyl acetate,
and methanol). With IC50 values of 70 and 78
g/mL, respectively, the ethyl acetate extract of C.
arvensis flowers (CAF EtOAC) demonstrated
cytotoxic action against MCF-7 and MDAMB-231
breast cancer cells. According to our data, the CAF
EtOAC may offer active components for the
creation of novel chemotherapeutics for the
treatment of breast cancer. (Nael Abutaha et al,
2019)

There are many metabolites tentatively
identified in the alcoholic extracts from the
different parts of Calendula arvensis are
(Fiorentino, et al, 2022). The essential oil
composition of Calendula arvensis (CA) was
established for the first-time using GC and
GC/MS. Eighty-five essential oil components
were identified, which accounted for 90.3 g/100
g of essential oil. The oil contained a high
concentration of sesquiterpenes, of which d-
cadinene and a-cardinal were the main
components. (Julien et al, 2010)

The hexane and methanol extracts were obtained
by soxhlet extraction, while aqueous extracts
were obtained by maceration in cold water. CA
extracts were assessed for antioxidant activity
using four different methods (DPPH, FRAP, TEAC,
b-carotene bleaching test). Furthermore, the
phenolic and flavonoid contents were measured,
also the antimicrobial activity has been evaluated
by the well diffusion method using several
bacterial and fungal strains. Finally, extracts
cytotoxicity was assessed using MTT test.
(Abudunia A-M, et al. 2016).

During the investigation of the glycosidic
constituents of Calendula arvensis L. we isolated
the previously reported Arvensoside A,
Arvensoside B, Calenduloside C and

Calenduloside D. The complete assignment 1H
NMR spectra of these compounds was achieved
through the concerted application of 2D-
homonuclear chemical shift correlations. The
constituents were isolated for the first time from
the fresh aerial parts of Calendula arvensis L.
(Vidal et al, 2014).

The polar fraction of the extract of the aerial parts
of CA yielded known compounds, the P-D-
hcopyranosides of a-bisabolane and a-bisabolone
and dihydroactinidiolide, in addition to four new
glycosides were found. (Ahmed et al, 1993). Seed
oils of 17 definite and putative species of
Calendula were examined. The major fatty acid of
Calendula. arvensis oil was identified as trans-8,
trans-10, cis-12- octadecatrienoic acid (calendic
acid). Spectrometric evidence demonstrated that
all 17 species contained the same acid, in
amounts varying from 38.9 to 58.4% of the oil
(Hopkins et al, 1967).

C. arvensis have been examined using solvents of
different polarities. The extracts prepared from
the plant have been used as disinfectants,
antispasmodics, and diuretics (Tiwari et
al,2008). The plant is used as a diaphoretic and
sedative (Dall’Acqua, 2008). Leaf extracts of the
plant have shown antibacterial activities
(Jamal,2014), and they have been used for the
treatment of burns [Passalacqua,2007]. A
methanol extract of the plant has shown

insecticidal activity = against Trogoderma
granarium, Rhyzopertha dominica, Sitophilus
oryzae, Tribolium castaneum, and
Callosobruchus analis (Ullah ,2012). The

antibacterial, anti-inflammatory, antimutagenic,
antioxidant, and hemolytic activities of C.
arvensis have also been reported (Tosun et
al,2012; Ercetin, et al, 2012). The chemical
composition of C. arvensis has revealed the
presence of sesquiterpene glycosides,
triterpenoids, saponins, phenols, and flavonoids
(Paolini et al,2010).

2. Materials and Methods
Collection of plant material

In Mohuda, Odisha, India, Calendula arvensis was
gathered. Botanists verified the authenticity of
the obtained plants. The leaves were sliced into
little pieces, separated from clinging foreign stuff,
and taken off the plant. They were subsequently
mechanically processed to create a coarse
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powder (3kg). Analytical-grade substances were
used for all compounds and solvents.

Ethanol extraction and fractionation

According to Sandya et al,, the leaf powders were
individually extracted using the successive
solvent extraction method (2011). Using a
Soxhlet apparatus, 250 g of the dried leaf
powders were extracted with petroleum ether,
ethyl acetate, chloroform, and ethanol. The
extracted were collected, concentrated, and dried
(Ruan et al, 2008). Further research was
conducted using the dried extracts.

Plant chemical analysis

Standard techniques were wused for the
phytochemical screening of the extracts and
fractions of powerful extract (Khandelwal. et al,
2002). To find primary and secondary
metabolites such carbohydrates, proteins, amino
acids, phenolic compounds, tannins, flavonoids,
terpenoids, and steroidal chemicals,
phytochemical screening of the ethanol extract
and the isolated, pure molecule was obtained.

Preliminary Phytochemical screening

The crude drug extracts of different solvents
were subjected to the qualitative phytochemical
screening and the presence of different class of
chemicals have been identified. The results of
phytochemical screening are tabulated in Table 1.

Table 1. Phytochemical screening of Calendula arvensis

. . Petroleum Ethyl Chloroform Ethanol
Chemical constituents acetate
ether extract extract extract
extract
Carbohydrates - - - -
Proteins - - - -
Amino acids - - - -
Flavonoids - -+ - +
Tannins & phenolic compounds | - ++ -+ ++
Glycosides - - - -+
Saponins - -+ - -+
Steroids -+ -+ ++ ++
Alkaloids - -+ -+ ++

Where; -: indicate absent; - +: weakly present; + +: strongly present.

Chromatographic Separation of Extracts

The petroleum ether, ethyl acetate, chloroform
and ethanol extracts of Calendula arvensis were
subjected for coulumn chromatography after
qualitative phytochemical screening. The column
Table 2. Column chromatographic conditions

chromatography was performed using gradient
method. The different fractions were obtained
after successful dripping of solvent for up to 78
hrs. The chromatographic conditions employed
for separation are tabulated in Table 2.

Sr.No. [Parameters Conditions
1 Length of column 75 cm
2 Diameter of column 3 cm
3 Stationary Phase used Silica gel
4 Flow rate Dripping
5 Weight of silica gel used for slurry(Stationary 150 gm
Phase)
6 Weight of silica gel used for Sample NA
7 Weight of extract used in column Approximately 5 gm
8 Length of adsorbed extract in the column Approximately 1 cm
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9 Eluting solvents used in column

Ethyl acetate in chloroform was
employed at varying percentages (0%,
10%, 20%, 30%, 40%, 50%, 52.5%,
55%, 57.5%, 60%, 62.5%, 65%, 67.5%,
70%, 72.5%, 75%, 77.5%, 80%, 90%,
and 100%)

10 No. of fractions collected in each solvent

20-30

11 Quantity of each fraction collected

Approximately 3-4 mL

3. Results and Discussion

Investigation of Fractions obtained from
Column Chromatography

The fractions which possess single colorations
were proceeded for further analysis. More
precisely single coloured fractions were selected
as it indicates presence of only one type chemical
compound. The fractions obtained from each

Table 3. Chromatographic separation profile

plant extract were named as given in Table 3
along with fraction number of column. The
obtained fractions were subjected for TLC, to
confirm whether it contains single compounds or
not. The mobile phase considered was n-hexane
and ethyl acetate in various ratios which was
visualised under UV light of different range after
keeping it in iodine chamber. The obtained TLCs
with Rf values are tabulated in Table 4.

Fraction Mobile phase in . -
No. Colour TLC No. of Spots | Visualizing agent
Chloroform fractions
1-3 Dark green Multiple
4-7 Light green _ Multiple Kept in lodine
8-12 Pale yellow heext:gé?g_ita;_eg' ré 2 Single chamber and then
13-16 Yellowish Pink 9:13 1445 Visualized in UV at
17-22 Pink ' 3 240 nm
23-26 Colourless No spot
Ethyl acetate fractions
1-6 Dark green Multiple
7-12 Light green _ Multiple Kept in Iodine
13-17 Greenish yellow he)e;;}rll};] ? 6c'e4ta;'eé né_ 2 Long tailing chamber and then
18-21 Bright yellow 9_'1)' ™| Single Visualized in UV at
22-25 Pale yellow ' 6 240 nm
26-28 Colourless No spot
Ethanol fractions
1-3 Bright yellow Multiple
4-7 Pale yellow Multiple ) ,
8-10 Dark green ethyl acetate: n- | Long tailing Keptin lodine
. chamber and then
11-15 Light green hexane (6:4, 7:3, 8:2, | 4-5 ) . )
: Visualized in UV at
16-19 Orange 9:1) Single 240 nm
20-22 Reddish orange 4
23-25 Colourless No spot
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Table 4. TLCs and Rf values of isolated fractions

Fraction name Ch-1

EA-1

ET-1

TLC images
Rf values 0.78 0.61 0.72
Observation All TLCs showed single spot indicating presence of single compound

Spectral analysis of obtained Fractions

From the TLC analysis all the fractions displayed
single spots with the strong indication of
presence of single chemical compound. These
fractions were subjected for FTIR, GC-HRMS, and
NMR (1H and 13C) analysis to identify the present
chemical compound.

Ch-1: Identified as Quercetin

Obtained as yellow powder. m.p.: 316-318 °C.
Solubility: ethyl acetate, ethanol, and methanol.

H NMR (CHCls-ds 400 MHz) § ppm: 5.032 (s, -
OH), 6.056, 6.082, 6.498, 6.508, 6.519, 6.530,
6.557, 6.602, 6.612, 6.623 (m, Ar-H). 13C NMR
(CHCl3-ds 400MHz) & ppm: 37.508, 61.390,
73.238, 87.490, 98.000, 98.002, 102.672,
105.459, 110.018, 113.672, 117.020, 120.003,
123.781, 132.194, 136.118, 140.102, 146.028,
146.342, 159.982, 160.001, 160.190, 163.109,
166.201, 178.140. MS: m/z 301.34, 302.98
(m+1), 308.89 (m+2). The structure of Quercetin
along with obtained spectrum are given in Fig. 1.
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Fig. 1. 1H, 13C NMR and Mass spectrum of Ch-1 (Quercetin)
EA-1: Identified as Rutoside 6.718 (CH: protons). 3C NMR (CHCls-ds

Obtained as yellow powder. m.p.: 195-198 °C.
Solubility: ethanol, methanol and slightly soluble
in water. 1H NMR (CHClz-ds 400 MHz) & ppm:
1.208 (s, -CH3), 2.032 (s,-0H), 2.973, 3.202, 3.281,
3.301, 3.391, 3.409, 3.478, 3.592, 3.629, 3.657,
3.734, 3.750, 3.782, 3.921, 3.951, 3.979, 4.150,
4.187, 4.202 (m, methane protons), 5.001 (s, -
OH), 5.601, 5.631, 5.975, 6.409, 6.458, 6.694,

400 MHz) 6 ppm: 17.489, 29.764, 44.102, 64.281,
67.409, 70.096, 71.620, 72.651, 74.509, 76.092,
77.978, 92.870, 97.996, 98.670, 101.475,
104.591, 105.702, 113.602, 127.541, 119.899,
122.391, 129.981, 135.309, 141.031, 146.391,
147.791, 152.308, 160.421, 163.671, 166.102,
178.023. MS: m/z 610.87, 613.76 (m+1), 615.99
(m+2). The structure of Rutoside along with
obtained spectrum are depicted in Fig. 2.
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Fig. 2. 1H, 13C NMR and Mass spectrum of EA-1 (Rutoside)
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ET-1: Identified as Calenduloside G

Obtained as yellow powder. m.p.: 350-353 oC.
Solubility: ethanol, methanol and slightly soluble
in water. tH NMR (CHCIz-ds 400 MHz) & ppm:
2.119 (s, -OH), 1.103, 1.120 (s, -CH3 protons),
1.306, 1.331, 1.362, 1.392, 1.404, 1.603, 1.862,
1.873, 2.254, 2.289, 2.523, 2.561, 2.589, 2.938,
2.959, 3.202, 3.213, 3.298, 3.306, 3.321, 3.351,
3.501, 3.539, 3.584, 3.711, 3.920, 4.001, 4.237,
4.258, 4.664, 4.691, 4902 (m, methylene

protons), 10.710 (s, acid -OH). 13C NMR (CHCls-
ds 400 MHz) & ppm: 14.840, 15.809, 16.029,
16.509, 17.820, 21.765, 22.009, 23.764, 24.094,
25.867, 26.102, 27.591, 30.108, 32.092, 34.009,
35.719, 36.209, 37.891, 39.035, 43.869, 44.309,
48.103, 51.091, 60.021, 68.421, 68.998, 69.691,
71.032, 71.839, 86.975, 101.210, 101.630,
120.989, 132.109, 142.023, 159.102, 173.870,
181.481. MS: m/z 794.06, 795.61 (m+1), 796.92
(m+2). The structure of Calenduloside G along
with obtained spectrum are depicted in Fig. 3.
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Fig. 3. 1H, 13C NMR and Mass spectrum of ET-1 (Calenduloside G)

Conclusion

Phytochemical investigation showed the
presence of imperative phytochemicals such as
flavonoids, alkaloids, triterpenoid, and steroids.
The TLC analysis of leaves provided standard
fingerprints for the identification of the isolated
compounds. This phytochemical evaluation
afforded three compounds on column
chromatography and repeated crystallizations.
We were able to isolate three compounds
(Quercetin, Rutoside, and Calenduloside G) from
chloroform, ethyl acetate and ethanol extracts.
These three compounds were identified by
comparing their chemical and spectral data with
that of published works of literature. The
secondary metabolite isolated from this extract
must account for the pharmacological activities
exhibited by the crude ethanolic extract of the
plant. Further preclinical studies may be
extended to elucidate their mechanism.

References

e  Abudunia M, Marmouzi I, Faouzi A, Ramli Y,
Taoufik J, El Madani N, Ibrahimi A.
Anticandidal, antibacterial, cytotoxic and
antioxidant activities of Calendula arvensis
flowers. ] Mycol Med 2017; 27: 90-97.

e Ahmed A. Ahmed. Sesquiterpene glycoside
from Calendula arvensis. Journul of Natural
Products 1993; 56: 1821-1829.

Anonymous. The Wealth of India. Vol. 3. New
Delhi:  Publications and Information
Directorate, Council of Scientific and
Industrial Research; 1992; 55-8.

Asolkar LV, Kakkar KK, Chakre O]. Glossary
of Indian Medicinal Plants with Active
Principles. Part-1. New Delhi: Council of
Scientific and Industrial Research; 1992;
153.

Belabbes R, Djabou N, Ilias F, Tabti B, Costa ],
Muselli A. (2017). Chemical variability,
antioxidant and antifungal activities of
essential oils and hydrosol extract of
Calendula arvensis L. from western Algeria.
Chem Biodivers 2017; 14: 1-14.

Chemli R, Babadjamian A, Faure R, Boukef K,
Balansard G, Vidal E. Arvensoside A and B,
triterpenoid saponins from Calendula
arvensis. Phytochemistry 1987; 26:1785-8.
Chemli R, Boukef K, Balansard G, Gayte-
Sorbier A. Study of amino acids in Calendula
arvensis eu arvensis Maire. Plantes
Medicinales et Phytother 1986; 20:203-9.
Chisholm M]J, Hopkins CY. Calendic acid in
seed oils of the genus Calendula. Can ]
Biochem 1967; 45:251-4.

Cosimo P and Nunziatina T. Sesquiterpene
Glycosides Based on the Alloaromadendrane
Skeleton of Calendula arvensis.
Phytochemistry 1988; 27(7):2205 - 2208.
Dall’Acqua S, Cervellati R, Loi C, Innocenti G.
Evaluation of in vitro antioxidant properties

eISSN 1303-5150

www.neuroguantology.com

3401



Neuro Quantology | September 2022 | Volume 20 | Issue 9 | Page 3393-3402 | doi: 10.14704/nq.2022.20.9.NQ44389
Saswati Panigrahi, Uma Shankar Mishra, Prasanna Kumar Dixit, Piyusha Ranjan Mishra/ Isolation and Characterization of Bioconstituents
Present in Calendula arvensis leaf

of some traditional Sardinian medicinal
plants: investigation of the high antioxidant
capacity of Rubus ulmifolius. Food Chem
2008:106:745-749

Vidal-ollivier E, Babadjamian A, Faure R,
Chemli R, Boukef K, Balansard G and Vincent
J]. Two- dimensional NMR studies of
"terpenoid glycoside ii)- 1h NMR assignment
of arvensoside a and b, calendulosidecand d.
Spectroscopy letters 1989; 22(5): 579-584 .
Ercetin T, Senol FS, Orhan IE, 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

Fiorentino M, Gravina C, Piccolella §,
Pecoraro M, Formato M, Stinca A, Pacifico S,
Esposito A. Calendula arvensis (Vaill.) L.: A
Systematic Plant Analysis of the Polar
Extracts from Its Organs by UHPLC-HRMS.
Foods 2022; 11: 247.

Jamal MAHM, Moniruzzaman M, Shaheen
MZ, Kamruzzaman M, Rashid M, Mahmud
ML, Khan NA, Pervin H, Sharif IH .Analysis of
antimicrobial activity of Calendula arvensis
against bacterial pathogens. Int | Phytother
Res 2014; 4:10-15.

Julien P, Toussaint B, Jean-Marie D, Nassim
D, Alain M, Jean C. Chemical composition,
intraspecies variation and seasonal variation
in essential oils of Calendula arvensis L.
Biochemical Systematics and Ecology 2010;
38:865-874.

Kirmizibekmez H, Bassarello C, Piacente S,
Pizza C, Calis I. Triterpene saponins from
Calendula  arvensis. Zeitschrift  fur
Naturforschung B.] Chem Sci 2006; 61:1170-
3.

Lavagna SM, Secci D, Chimenti P, Bonsignore
L, Ottaviani A, Bizzarri B. Efficacy of
Hypericum and Calendula oils in the
epithelial reconstruction of surgical wounds
in childbirth with caesarean section.
Farmaco 2001; 56:451-3.

Nael Abutaha, Fahd A. Nasr,
Al-Zahrani Mohammed, Abdel
Habib Semlalij, Fahd A. Al, Mekhlafi,

Mohamed A. Wadaan. Calendula arvensis L.
as an anti-cancer agent against breast cancer
cell lines. Molecular Biology Reports 2019;
46:2187-2196.

Paolini ], Barboni T, Desjobert JM, Djabou N,
Muselli A, Costa ]J. Chemical composition,
intraspecies variation and seasonal variation
in essential oils of Calendula arvensis L.
Biochem Syst Ecol 2010;38:865-74.
Passalacqua N, Guarrera P, De Fine G
.Contribution to the knowledge of the folk
plant medicine in Calabria region (Southern
[taly). Fitoterapia 2007;78:52-68

Pizza C, de Tommasi N. Plants metabolites.
Anew  sesquiterpene glycoside from
Calendula arvensis. ] Nat Prod 1987; 50:784-
9.

Pizza C, de Tommasi N. Sesquiterpene
glycosides based on the alloaromaden-drane
skeleton  from  Calendula  arvensis.
Phytochemistry 1988;27:2205-8.

Suh JD. Method for preparaing highly pure
lutein by extracting Calendula arvensis and
saponification thereof with using harmless
organic solvent. Korean Kongkae Taeho
Kongbo 2006;248-54.

Tiwari S .Plants: a rich source of herbal
medicine. ] Nat Prod 2008; 1:27-35

Tosun G, Yayli B, Arslan T, Yasar A, Karaoglu
SA, Yayli N. Comparative essential oil
analysis of Calendula arvensis L. Extracted
by hydrodistillation and microwave
distillation and antimicrobial activities.
Asian ] Chem 2012; 24:1955

Ullah R, Ibrar M, Shah S, Hameed I.
Phytotoxic, cytotoxic, and insecticidal
activities of Calendula arvensis L. EJBPR
2012; 3:104-111

Vidal E, Babadjamian A, Faure R, Chemli R,
Boukef K, Balansard G. Two-dimensional
NMR studies of triterpenoid glycosides. II.
Hydrogen NMR assignment of arvensoside A
and B, calenduloside C and D. Spectrosc Lett
1989;22:579-89.

eISSN 1303-5150

@

www.neuroguantology.com

3402



