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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 1HNMR 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 

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) 

Sedative, analgesic, lymphagogue, demulcent, 
choleretic, vulnerary, anti-tumour, mild anodyne, 
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 
analyse the essential oils and hydrosol extract 

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 
for the essential oil and hydrosol extract's 
antifungal activities. Against P. expansum and A. 
niger, the extract had the strongest inhibitory 
effects (Belabbes, et al, 2017). 

The extracted novel sesquiterpene glycosides 
from Calendula arvensis aerial parts. Arvoside B's 
structure was identified as 4-O-(/3-D-
fucopyranosyl)-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 used 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 

Chemical constituents 
Petroleum 
ether extract 

Ethyl 
acetate 
extract 

Chloroform 
extract 

Ethanol 
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 

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. 

Table 2. Column chromatographic conditions 

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 
Phase) 

150 gm 

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 

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. 

Table 3. Chromatographic separation profile 

Fraction 
No. 

Colour 
Mobile phase in 

TLC 
No. of Spots Visualizing agent 

Chloroform fractions 
1-3 Dark green 

ethyl acetate : n-
hexane(6:4, 7:3, 8:2, 

9:1) 

Multiple 

Kept in Iodine 
chamber and then 
Visualized in UV at 

240 nm 

4-7 Light green Multiple 
8-12 Pale yellow Single 
13-16 Yellowish Pink 4-5  
17-22 Pink 3  
23-26 Colourless No spot 

Ethyl acetate fractions 
1-6 Dark green 

ethyl acetate: n-
hexane (6:4, 7:3, 8:2, 

9:1) 

Multiple 

Kept in Iodine 
chamber and then 
Visualized in UV at 

240 nm 

7-12 Light green Multiple 
13-17 Greenish yellow Long tailing 
18-21 Bright yellow Single 
22-25 Pale yellow 6 
26-28 Colourless No spot 

Ethanol fractions 
1-3 Bright yellow 

        ethyl acetate: n-
hexane (6:4, 7:3, 8:2, 
9:1) 

Multiple 

Kept in Iodine 
chamber and then 
Visualized in UV at 

240 nm 

4-7 Pale yellow Multiple 
8-10 Dark green Long tailing 
11-15 Light green 4-5 
16-19 Orange Single 
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 0C. 
Solubility: ethyl acetate, ethanol, and methanol. 

1H NMR (CHCl3-d6 400 MHz) δ 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-d6 400 MHz) δ 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 

Obtained as yellow powder. m.p.: 195-198 0C. 
Solubility: ethanol, methanol and slightly soluble 
in water. 1H NMR (CHCl3-d6 400 MHz) δ ppm: 
1.208 (s, -CH3), 2.032 (s, -OH), 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, 

6.718 (CH2 protons). 13C NMR (CHCl3-d6 
400 MHz) δ 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 0C. 
Solubility: ethanol, methanol and slightly soluble 
in water. 1H NMR (CHCl3-d6 400 MHz) δ 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, 4.902 (m, methylene 

protons), 10.710 (s, acid -OH). 13C NMR (CHCl3-
d6 400 MHz) δ 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. 
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