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ABSTRACT. Papaver rhoeas L. (Papaveraceae) is an annual grass native
to many regions of the world, which is known to possess several
pharmacological activities. It is also known that represent a rich source of
anthocyanins. In this study, the content of the anthocyanin was determined
in the examined various extracts of fresh petals by HPLC analysis. The most
represented anthocyanins in the extracts of Papaver rhoeas L. are
delphinidin-3-O-glucoside, cyanidin-3-O-glucoside, cyanidin-3-O-rutinoside,
peonidin-3-O-glucoside, petunidin-3-O-glucoside, petunidin-3-acetylglucoside,
and delphinidin-3-p-coumaroylglucoside. Acyl derivatives of anthocyanins in
the water extract have not been identified. By comparing the contents of
individual anthocyanins, the glycosides (polar) are better extracted with 50%
alcohol solution, and their acyl derivatives are better extracted with pure
alcohol. The water solution is the least suitable for anthocyanin extraction.
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INTRODUCTION

Medicinal plants and their extracts deserve special attention because
of the vital influence they have on human health. For the majority of the world
population, medicinal plants represent the primary source of health care.
According to the World Health Organization (WHO) report, almost 80% of
people in marginal communities use only medicinal plants for the treatment
of various diseases [1].
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Papaver rhoeas L. (family: Papaveraceae) is commonly known as corn
poppy and found wild in various parts of the world. Papaver rhoeas L. has a
long history of medicinal usage. Extracts derived from this plant have been
used for the treatment of a wide range of diseases including inflammation,
diarrhea, sleep disorders, cough, analgesia and also the reduction of withdrawal
signs of the opioid addiction [2, 3]. The flowers of corn poppy have a long history
of medicinal usage, especially for ailments in the elderly and children. However,
the plant does contain alkaloids, which are still under investigation, and so
should only be used under the supervision of a qualified herbalist. The flowers
and petals are anodyne, emollient, expectorant, hypnotic, slightly narcotic, and
sedative [4]. An infusion is taken internally in the treatment of bronchial
problems and coughs, insomnia, poor digestion, nervous, digestive disorders,
and minor painful conditions. The flowers are also used in the treatment of
jaundice. The petals are harvested as the flowers opened and dried for later
use. They should be collected on a dry day and can be dried or made into syrup.
The plant has been suggested to have anticancer properties [5].

Anthocyanins which are natural pigments widely distributed in nature,
responsible for the colors of innumerable fresh petals. The common
anthocyanidins found in the majority of colored plants are pelargonidin, cyanidin,
delphinidin, peonidin, petunidin, and malvidin. The proportion and amount of
each anthocyanidin are significantly influenced by cultivar type and agricultural
conditions [5].

The effects of concentration methods such as vacuum, microwave
and conventional heating methods on total phenolic and anthocyanin contents,
antiradical activity, antioxidant capacity and color of Papaver rhoeas L.
(poppy) sorbet, a traditional beverage of Turkey, were investigated. The
lowest initial anthocyanin content was found to be 571.31 mg cyn-3-glu/kg
using the conventional method, and the highest anthocyanin content was
determined to be 774.49 mg cyn-3-glu/kg in the vacuum treated sorbet at the
beginning of the storage. Their results revealed that the poppy sorbet was
an excellent source of phenolics and anthocyanins. Storage degradation of
poppy anthocyanins followed the first-order reaction kinetics. The concentration
method and storage temperature had a significant effect on the bioactivity
and color of sorbets [6].

The variation in anthocyanins content of the petals of red poppy
(Papaver rhoeas L.) during the development of the flower from the closed bud
stage has been investigated by thin-layer chromatography. The densitograms
were recorded at 465 nm; they show gradually increasing peaks of red
anthocyanins in the petals of closed buds, partly opened buds and fully
developed flower and changes in the proportions of several anthocyanins, with
various Rr values, during the growth of the flower [7].
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In our previous work, the contents of total phenols, flavonoids,
anthocyanins in different extracts of petals of P. rhoeas L. were determined,
and it was found to contain high concentrations of these compounds. Their
antioxidant activity was also tested using the DPPH method, and it was found
to exhibit high antioxidant activity. The examined extracts show both
antibacterial and antifungal activity [8]. P. rhoeas L. was the subject of the
investigation earlier [9], but our previous study is complementary to the
investigations by other research groups.

Anti-oxidant and anti-radical in vitro properties and in vivo topical anti-
inflammatory activity of ten hydroalcoholic extracts of edible plants including
poppy (Papaver rhoeas L. ssp.), from the Calabria region (Italy) were reported
as well [10].

Antioxidant, antimutagenic and anticarcinogenic properties of P.
rhoeas L. extract have been studied recently on Saccharomyces cerevisiae.
Based on the well-expressed properties obtained in this work, the P. rhoeas
L. extract could be recommended for further investigations and possible use
as a food additive [11].

Qualitative and quantitative determinations of the contents of
flavonoids and anthocyanins in various extracts obtained from P. rhoeas L.
using the HPLC method was not performed before, so we are the first
research group who has investigated, and reported the results. The influence
of solvent on the extraction of these compounds was investigated in order to
find the best solvent for the extraction which can be used in food industry.

RESULTS AND DISCUSSION

Red pigment, a natural antioxidant present in the petals of the red
poppy, belongs to anthocyanins. Anthocyanin is the general name applied
to the glycosides of anthocyanidin chromophores which are the origin of the
red, violet, and blue colors found throughout the plant kingdom, such as the
colors of petals, leaves, and fruits. Only a few anthocyanidin nuclei have
been found despite the great variety of plant colors. The major anthocyan-
idins found in nature are pelargonidin, cyanidin, peonidin, delphinidin. The
content of anthocyanins in our previous work ranged from 4.72-5.193 mg/g
of fresh petals in different extracts of P. rhoeas L. from South-east Serbia [8].

The content of total anthocyanins determined by the pH differential
method does not provide a complete picture of the quantity and quality of
anthocyanins in the extracts of the investigated plant species due to the
possible presence of interfering compounds.
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Using HPLC-DAD techniques, a comparative analysis of the quantities
of anthocyanins in investigated extracts was performed. The phenolic
components present in samples were identified by the comparison of the
retention times and spectra of the standards for each component. Quantitative
determination was performed by the method of the external standard. The
following standards were used: delphinidin-3-O-glucoside, cyanidin-3-O-
glucoside, cyanidin-3-O-rutinoside, peonidin-3-O-glucoside, petunidin-3-O-
glucoside, petunidin-3-O-glucoside acylated, delphinidin-3-O-glucoside-p-
coumaroyl, chlorogenic acid, caffeic acid, quercetin, myricetin. For each standard,
the first standard was prepared with the mass concentration 1.0 mg/ml, by
dilution in 10 % methanol solution. The calibration curve was constructed on
the basis of the obtained areas depending on the mass concentration of the
standard. From the obtained equation of linear dependence, the mass
concentrations of components were calculated in the samples. For the
components without available standards, the quantification was performed
on the basis of the calibration curve according to the structure of the
corresponding standard. All analyses were performed in triplicates.

Figure 1 shows a chromatogram of 50% ethanol extract of petals of
P. rhoeas L.

2 |
1 |3 | I
I

i
‘1 /1 II N
LLLA_. FA N L A

1
|

! ]

u} -~ ! ",_Jf -L__A._A_'\ S

e —— - —_—

T T —T—
e a0 228 ¥l s 30 s il

Figure 1. Anthocyanins content in the ethanol 50% extracts of fresh petals
(Papaver rhoeas L.): delphinidin-3-O-glucoside (1), cyanidin-3-O-glucoside (2),
cyanidin-3-O-rutinoside (3), peonidin-3-O-glucoside (4), petunidin-3-O-glucoside (5),
petunidin-3-O-acetylglucoside (6), delphinidin-3-O-p-coumaroylglucoside (7).
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Seven phenolic compounds were identified as anthocyanins due to
the information provided by their UV-Vis spectra. Thus, five glucosylated
anthocyanins (Amax= 520 nm) were identified: delphinidin-3-O-glucoside, cyanidin-
3-O-glucoside, cyanidin-3-O-rutinoside, petunidin-3-O-glucoside, peonidin-3-O-
glucoside, and acylglucosylated anthocyanins: petunidin-3-O-acetylglucoside and
delphinidin-3-O-p-coumaroylglucoside. Structures of identified anthocyanins
in extracts of fresh petals of P. rhoeas L. are shown in Table 1.

Table 1. Structure of identified anthocyanins in extracts of fresh petal of P. rhoeas L.

R B
Lo H(“”
s [ L,
Ho.._ f[/r " ’OIJ;/IM f T I/\/
| N OH 0
:j\-f N DM A H ON\Z\\\T‘/\PN ﬂ. A
l’H EN ||(Z\z'_mH o 0. ﬁjgcﬂgcuj U
R1=R2=0H delphinidin- | R1=0OCH3s, R2=0OH R1=R2>=0H
3-0O- glucoside petunidin-3-O-acetyl- delphinidin-3-O-p-
glucoside coumarylglucoside

R1=0H, R2=H cyanidin-
3-0O- glucoside
R1=0OCHs3s, R2=0H,
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The content of anthocyanins in different extracts of fresh petals of
P. rhoeas L. was shown in Table 2.

In investigated extracts of fresh petals of P. rhoeas L. plants, glucosides
of four anthocyanins were identified: delphinidin, cyanidin, petunidin, peonidin
and acyl derivatives of petunidin (petunidin-3-O-acetylglucoside) and malvidin
(delphinidin-3-O-p-coumarylglucoside).

Order of anthocyanins by content in methanol extracts and methanol 50%:

Methanol: Ptgl<Dpgl<Cyrut<Cygl<Dpgl-coum<Pngl<Ptgl-ac

Methanol 50%: Ptgl<Dpgl<Cyrut<Cygl<Dpgl-coum<Pngl<Ptgl-ac

The content of polar anthocyanins is larger in extracts of 50%
methanol, and less polar anthocyanins in pure methanol.

Order of anthocyanins by content in ethanol extracts and ethanol 50%:

Ethanol: Ptgl-ac<Pngl<Dpgl-coum<Cygl<Cyrut<Dpgl<Ptgl

Ethanol 50%: Ptgl-ac<Pngl<Dpgl-coum<Cygl<Cyrut<Dpgl<Ptgl
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Table 2. Content of anthocyanins in the different extracts of fresh petals of
Papaver rhoeas L.

Anthocvanins Methanol Methanol Ethanol Ethanol Water
y mg L™ 50% mg L™’ mg L~ 50% mg L™ mg L™

1 | Delphinidin-3-0- | 4 95,405 | 2.02+002 1.390.07 1.44£003 | 1.20£0.02
glucoside (Dpgl)
Cyanidin-3-O-

2 , 445:04 | 4641004 | 333:005 | 3.60:004 | 0.570.02
glucoside (Cygl)

3 | Cyanidin-3-O- 246+003 | 330£015 | 258£006 | 262+0.01 | 0.34:002
rutinoside (Cyrut)

4 | Petunidin-3-O- 0.75:0.05 | 095:0.02 | 072+002 | 085:002 | 056:0.05
glucoside (Ptgl)

5 | Peonidin-3-O- 20504035 | 1842040 | 14.89:032 | 3326:009 | 0.680.03
glucoside (Pngl)
Petunidin-3-O-

6 | acetylglucoside 27.80+065 | 19424030 | 18204040 | 15.29:0.70
(Ptgl-ac)
Delphinidin-3-O-
p-coumaroyl

7 . 556£0.06 | 4.194+0.02 | 3.65:0.20 322403 -
glucoside
(Dpgl-coum)

The content of polar anthocyanins is higher in ethanol of 50%, and
the content of less polar anthocyanins is more abundant in pure ethanol.

The smallest content of the anthocyanin is in the water extract of fresh
petals. The acyl derivatives are the least polar and not identified in the
aqueous extract.

The differences in anthocyanins content depend on the used extraction
medium as a consequence of different polarity of used organic solvents and their
mixtures [12]. The content of anthocyanins represents the pharmacological
characteristic of the plant. Based on numerous studies, it is known that the
content of anthocyanins depends on genotype, soil conditions, and the
difference in plant ripening [13-15]. Also, outdoor conditions, like altitude,
light, temperature, the content of feeding material in the soil might affect
phenylpropanoid metabolism [16].
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CONCLUSION

The results revealed that the different extracts of fresh petals of
Papaver rhoeas L. were an excellent source of anthocyanins. The differences
in anthocyanins content depend on the used extraction medium as a
consequence of different polarity of used organic solvents and their mixtures.
The retention times of anthocyanins on the chromatogram are following their
polarity; glycosides initially occur, and their acyl derivatives at the end. The
highest content of anthocyanins glucosides was determined in methanol and
methanol 50% solution, and the smallest in aqueous solution. By comparing
the contents of individual anthocyanins, the glycosides (polar) are better
extracted with 50% alcohol solution and their acyl derivatives are better
extracted with pure alcohol. The water solution is the least suitable for
anthocyanin extraction.

This investigation is significant because the anthocyanins and their
derivatives are vital herbal pigments and have a significant contribution to
the antioxidant, antimicrobial, and other positive effects shown by extracts of
P. rhoeas L.

EXPERIMENTAL

Preparation of materials

Fresh petals samples of Papaver rhoeas L. collected throughout May
2018, were used for the investigation. This region of Serbia (Soko Banja) at
the foothills of the Rtanj Mountain is said to be free of harmful environmental
influences, as it is mostly devoid of industries and major highways. A voucher
specimen 13636 was deposited in the herbarium of the Faculty of Sciences
and Mathematics, University of Nis. The plant species were identified by
Marija Markovic, Department of Biology, University of Nis.

Preparation of herbal extracts

Fresh petals samples of Papaver rhoeas L. were grounded in a
blender, and 2 g was extracted by the following solvents: ethanol and ethanol
50%, methanol, and methanol 50% and water.

Extraction was carried out in an ultrasonic bath for 15 min three times
in succession with 30 ml of the solvent, respectively. The extract was filtered
through a Buchner funnel and filter paper (blue-collar) (CHMLAB, Spain),
transferred into a 100 ml flask and made up to mark with the same solvent.
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High-performance liquid chromatography (HPLC) analysis

The fruit extracts were analyzed by the direct injection of the extracts,
previously filtered through a 0.45 pym pore size membrane filter, into the
Agilent Technologies 1200 chromatographic system equipped with the Agilent
photodiode array detector (DAD) 1200 with RFID tracking technology for flow
cells and a UV lamp, an automatic injector, and Chemstation software. The
column was thermostated at 30 °C. After injecting 5 yL of the sample extract,
the separation was performed in an Agilent-Eclipse XDB C-18 4.6 mmx150
mm column. Two solvents were used for the gradient elution: A — (H20 + 5%
HCOOH) and B — (80% ACN + 5% HCOOH + H20). The used elution program
was as follows: from 0 to 28 min, 0.0% B, from 28 to 35 min, 25% B, from 35
to 40 min, 50% B, from 40 to 45 min, 80% B, and finally for the last 10 min
again 0% B. The detection wavelengths were 320 and 520 nm. The
identification and quantification of individual compounds were performed using
calibration curves obtained with standard solutions of pure anthocyanins. The
results are expressed as mg L~ of plant extracts.

Statistical analysis

The experimental results were expressed as mean value + standard
error of the mean value of three replicates. In order to estimate statistically
any significant differences among mean values, where applicable, the data
were subjected to a one-way analysis of variance (ANOVA test) [17].
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