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ABSTRACT

Introduction. Global consumption of plant protein is increasing and high-fiber plants have health benefits through valu-
able phytochemicals. Plant proteins serve as an alternative to animal proteins to meet consumer demand on the one hand

and reduce the risk of disease on the other.

Material and Methods. We performed qualitative and quantitative determination of proteins in extracts by sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and total content of proteins by Bradford assay.

Results. Applied methods for the qualitative and quantitative determination of proteins in dry extracts of medicinal plants:
Agrimonia eupatoria L., Cichorium intybus L., Galium verum L., and Solidago virgaurea L. confirm that proteins were detect-
ed in all dry extracts and were determined the total content of them.

Conclusion. For all extracts obtained from aerial parts of: Agrimonia eupatoria, Cichorium intybus, Galium verum and Solidago
virgaurea we find a low protein concentration, which implies minimizing allergic reactions and intolerance to the extracts studied.

Keywords: qualitative, quantitative determination, proteins, Agrimonia eupatoria, Cichorium intybus, Galium verum, Soli-

dago virgaurea.
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Key messages

What is not yet known on the issue addressed in the submit-
ted manuscript

Qualitative and quantitative determination of proteins in some
medicinal plants from the collection of the Scientific Practical
Center in the Field of Medicinal Plants of Nicolae Testemitanu State
University of Medicine and Pharmacy.

The research hypothesis

The low concentration of protein in extracts and vegetal products
implies the absence of allergic reactions and intolerance to the giv-
en plants.

The novelty added by manuscript to the already published sci-
entific literature

The analysis of proteins from medicinal plant extracts that can be
used in the pharmaceutical and food industry to assess probability
of eliciting allergic reactions.
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Introduction

Global consumption of plant protein has increased by
15% since the early 1960s, and positive health benefits
of plant foods are linked to dietary fiber, vitamins, miner-
als, and phytochemicals. The food industry is developing
plant-derived proteins as an alternative to meat and ani-
mal-derived proteins to meet consumer demand, which is
largely based on cultural, dietary and religious choices [1].

The pharmaceutical industry uses vegetal proteins to
treat various diseases such as rheumatoid arthritis, coro-
nary thrombosis, multiple sclerosis and chronic lympho-
cytic leukaemia. Thus, pharmacological actions, such as: the
potential to reduce the risk of developing metabolic syn-
drome or to manage diabetes and prevent cancer, are stud-
ied and discussed, as well as the different grading systems
currently used to determine the quality of proteins from
plant sources [1, 2]. Plant-derived proteins have increased
bioavailability and may be more concentrated than animal
protein sources [2, 3].

Despite its benefits, proteins, especially plant proteins,
are also known as major sources of allergens that trigger an
allergenic response via immunoglobulin E (Ig E)-mediated
allergies [4, 5]. These allergens may diffuse into the body
from the upper respiratory tract or enter the body through
intake of vast range of plant food or may cause external skin
irritations. Allergens mainly present in pollen, spores, and
other plant associated products are responsible for symp-
toms such as rhinoconjunctivitis, asthma, edema, urticarial,
and anaphylaxis [6].

The prevalence of allergic diseases has increased, espe-
cially in the last 20 years in most countries, with manifes-
tations through gastrointestinal pathologies, atopic eczema,
and asthma [6], pollen being one of the main allergens [7].
Allergic reactions to legumes by inhalation have rarely been
described [8], however, there are studies describing the
occurrence of allergic reactions manifested by rhinocon-
junctivitis and bronchial asthma [9]. The most widespread
groups of plant allergens that are reported belong to the
seed storage proteins, structural proteins, and pathogenesis
related proteins, induced as a defense response system un-
der stressful conditions such as infections, insects, injuries,
exposure to harsh chemicals and atmospheric conditions
[10, 11]. In this context, we aimed to determine the molecu-
lar weight and the total protein concentration in some dried
extracts obtained from plants: Agrimony, Chicory, Lady’s
bedstraw, and European goldenrod.

Agrimony (Agrimonia eupatoria L., Rosaceae). Among
the major phytochemical constituents of this species are
polyphenols: phenolic acids: p-coumaric acid, various
caffeoyl-quinic acids [12]; flavonoids: luteolin, apigenin,
quercetin, and kaempferol derivatives, including C-glyco-
sides such as vitexin and iso-vitexin, which are derived of
apigenin; procyanidins: catechin, procyanidins and ellag-
itannins-mainly agrimoniin [13]. Agrimony has been used
as a remedy for a wide range of diseases and symptoms:
antioxidant, inflammatory diseases [14], ailments of the
gastrointestinal tract, including diarrhea and stomatitis, in
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liver disorders [15]. It is claimed to have antibacterial ac-
tivity [16], particularly on Gram-positive species and, rath-
er inappropriately, on probiotic species. Neuroprotective,
hepatoprotective [17], diuretic [18], anti-inflammatory,
through cytokine modulation [19], and anti-nociceptive,
wound healing and cytotoxic [20] effects were also report-
ed for various extracts, fractions or individual compounds
isolated from A. eupatoria. Plants of the g. Agrimony, mainly
used as pharmaceutical raw material, perfectly fit into the
current trends in technology that are searching for organic
raw materials with high contents of bioactive compounds,
such as dietary polyphenols and fiber [21, 22].

Chicory (Cichorium intybus L.; Asteraceae) is also a me-
dicinal plant with a long tradition of use across various
geographic regions. The aerial parts of Chicory contain
cichoriin, arginine, choline, chicoric acid, bitter principles,
and microelements: Fe, P, Ca. The entire plant contains latex,
whose major constituent is inulin- type fructans. Besides in-
ulin, there are also sugars, tannins, essential and fixed oils,
pectin, and resins. The plant also serves as a source of vita-
mins: A, G, E, K, PP, flavonoids make up about 3%. The roots
are rich in bitter triterpenic substances, fructose, tannins,
and essential oils [23, 24]. Its aerial parts have been used as
salads, its roots have been employed as a coffee substitute,
and all its parts have been attributed a variety of potential
health benefits: anti-inflammatory, hypolipidemic, gastro-
protective, analgesic, antidiabetic, reproductive enhancing,
wound healing, anticancer, antimicrobial, and anthelmintic
and others [24, 25]. Chicory is found in the food industry:
as a salad, for teas, food supplements, coffee supplements
or as a source for inulin production [26]. Some compounds
present in chicory, such as polyphenols, hydroxycinnamic
acids, inulin, protein, can be considered as potential car-
riers of food functionality, the main biological activities of
the species being associated with the presence of bioactive
compounds [27].

Lady’s bedstraw (Galium verum L., Rubiaceae), a species
that blooms on the summer solstice and has a special role
in the traditions and spirituality of our people, but in the
Republic of Moldova they are not studied until the present
[28]. Based on investigations and phytochemical studies
carried out, in the aerial parts of G. verum have been iden-
tified phenolic compounds, flavonoids (rutin, quercetin,
isoquercitrin, apigenin, myricetin, luteolin, kaempferol);
hydroxycinnamic acids (gentisic, caffeic, chlorogenic, p-cou-
maric, ferulic, sinapic, caftaric, rubiforic [29, 30]. The entire
plant contains iridoid glycosides: asperulozide, asperulozid-
ic acid, diacetyl-asperulozide, 3,4-dihydro-3-methoxi-aspe-
ruloside, monotropeine, acetyl-dafiloside and scandoside
[31]. Anthracene derivatives, essential oils, tannins, sapon-
osides and coumarins were also identified in smaller quan-
tities [30]. The literature indicates that total polyphenols
depend on both the nature and concentration of the solvent
and the extraction technique applied, with large differences
ranging from (2.44-5.16) mg/g in the dried plant product
of G. verum, [32], up to 75.3 mg/g in the methanolic extract
[33]. Regarding the application of different extraction tech-
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niques: ultrasonic, maceration, reflux, it was demonstrated
that the highest amount of phenolic compounds was ob-
tained by applying the ultrasonic extraction method [28].
Previous pharmacological studies have shown that species
of g. Galium possess antioxidant, diuretic, spasmolytic, cy-
totoxic, antimicrobial, endocrine and protective effects [30,
34].

European goldenrod (Solidago virgaurea L., Asteraceae)
is widely used in traditional medicine and among the most
researched species from g. Solidago [35]. The aerial parts of
European goldenrod have long been used for urinary tract
conditions as a diuretic and a disinfectant remedy and as
an anti-inflammatory agent [36]. According to the latest re-
search in the field and besides the fact of the positive effect
on the urinary system, herb and extracts also manifest anti-
oxidant, analgesic, antibacterial, antifungal, antispasmodic,
immunostimulant, antiadipogenic and antidiabetic activi-
ties [35, 37-39]. The chemical profile of the plant is a var-
ious one, being mostly represented by flavonoids (mainly
derived from quercetin and kaempferol), terpenes (mostly
from the essential oils), and saponosides (mainly virgaure-
asaponins and solidagosaponins [35, 40-44]. Due to over-
exploitation of the plant in its natural habitats, this taxon
has become a rare species in Europe. Currently, European
goldenrod is cultivated in some European countries thanks
to scientific agronomic research. Therefore, the plant mi-
cropropagation method and other in vitro growth systems
allow the multiplication of plant biomass for phytochemical
and biological research [36].

Materials and methods

The vegetal products: Agrimoniae herba, Cichorii herba,
Galii herba, Solidaginis virgaureae herba were harvested
from the collection of the SPCFMP, according to the nature
of the herbal products, throughout the flowering period.
The vegetal products have been processed in agreement
to recommendations for the purposes of chemical studies.
The powdered drying herbal products was passed through
a sieve with the dimensions of 0,5 mm. Extracts were ob-
tained by repeatedly extracting the plant products sprayed
with a mixture of ethanol: water (60%, w/w) for half an
hour at each extraction stage, until the plant products were
exhausted, with extraction applied by magnetic stirring.
The extractive solutions thus obtained were concentrated
at 40 °C, using a rotary evaporator- Laborota 4011 [22].

Protein extraction was carried out on the dry extract of
four vegetal products: Agrimoniae herba, Cichorii herba, Gal-
ii veri herba and Solidaginis virgaureae herba. The proteins
were extracted using four extraction buffers: Tris-Glycine
(pH 8.3), PBS (Phosphate-buffered saline with pH 7.4), Cit-
rate buffer (pH 4.5) and Carbonate-bicarbonate buffer (pH
9.6). Each extract was weighed twice at 150 mg and add-
ed 750 ml of extraction solution. Samples were shaken and
placed in a thermomixer: 600 rpm at 45 2C, to exclude pro-
tein denaturation, for 3 hours. Every 30 minutes, the sam-
ples were vortexed. The supernatant was collected in a 2 ml
Eppendorf tube and refrigerated overnight.
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Qualitative determination of proteins was performed by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and total content of proteins were determined
using Bradford assay [45].

SDS-PAGE allows separating proteins according to their
molecular weight. At the beginning were prepared 2 sand-
wiches (a sandwich is made of an alumina ceramic plate,
two spacers and one glass plate) and put them into gel cast-
er. After, according to the pipetting scheme was prepared
separation gel solution and filled it into the sandwiches with
a Pasteur pipette (~ 6 cm high). Each of sandwiches were
overlaid with 100 pl of water saturated 1-butanol and left
for 30 minutes to polymerize. The stacking gel solution, pre-
pared according to the pipetting scheme, was pipetted into
both sandwiches and were introduced the combs. After an-
other 30 min of polymerization, the sandwiches were sepa-
rated with a knife and marked the samples loading wells on
the glass plate. The samples were prepared by taking 30 pl
of standard or the fractions to be analyzed and mixed with
the same amount of denaturation mix and heated it for 5
min at no more than 60°C [46].

The next step was electrophoresis preparation. Each
sandwich was attached to the electrophoresis unit with two
clamps, the cooling tubes were connected, and the water tap
was turned on. The lower chamber was filled with buffer
solution (sandwiches should be submerged about 1 cm),
the comb was removed and the upper chamber was filled
with buffer solution (behind the sandwiches). Loaded 5 pl
of the standard proteins BSA (67 kDa), human y-globulin
(50 kDa), conalbumin (78 kDa), ovalbumin (45 kDa) and
the samples, placed the safety lid onto the electrophoresis
unit and plugged to a power supply. At the beginning, the
current was 40 mA and the run took about 1 h. After the
time elapsed, the sandwiches were lifted and the stacking
gel was separated from the glass plate and placed in a tray
filled with staining solution. Staining was carried out at
40°C for 30 min. The next step was destaining the gels using
two solutions [47].

The Bradford assay is a spectrophotometric method,
which is used to measure the concentrations of proteins ac-
cording to the absorbance of Coomassie Brilliant Blue G-250
dye at 595 nm. The following dilutions were prepared from
the BSA (bovine serum albumin) standard solution at a con-
centration of 1mg/ml to make the calibration curve: 500,
250, 200, 200, 150, 100, 50, 20, 10 pg/ml. Samples were di-
luted 1:100, 1 ml of Bradford working solution was added
and incubated for 5 minutes. Thereafter, absorbance was
measured at 595 nm [45, 48] by performing 5 technological
repeats.

Results

Extracts obtained from the aerial parts of A. eupatoria, C.
intybus, G. verum and S. virgaurea, in a mixture of ethanol:
water (60%, w/w) until the vegetal products were exhaust-
ed and concentrated at 40°C using a rotary evaporator, were
analyzed proteins according to the Protein Protocols Hand-
book [49].
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Analyzing the obtained gel (figure 1), we confirm the
presence of proteins in the extracts, but in all samples the
proteins had a lower weight than used standards. The thick-
est bands belong to the extracts of G. verum and C. intybus
and the thinnest to A. eupatoria and S. virgaurea.

Protein concentration was calculated through Bradford
assay, from the calibration curve of concentration versus
absorbance in pg/ml (figure 2).
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Fig. 1 Sodium dodecyl
sulfate-polyacrylamide gel.
Standard proteins and samples were
loaded in the following order (from left
to right): bovine serum albumin, conal-
bumin, G. verum, C. intybus, A. eupatoria,
S. virgaurea, G.verum. C. intybus, ovalbu-

min, y-human globulin.

Protein extraction at different pH of buffer solutions
showed that better protein extraction is achieved with neu-
tral pH buffer, and with increasing buffer’s pH in basic, the
concentration decreases. Weaker protein extraction is ob-
served with the acidic citrate buffer at pH 4.5.

As aresult, a better protein extraction was obtained with
Phosphate-buffered saline (PBS) extraction buffer (pH 7.4)
which showed higher protein values in all extracts exam-
ined; followed by Tris-Glycin (pH 8.3), Carbonate-bicarbo-

Calibration curve nate (pH 9.6) and Citrate (pH 4.5) extraction buffers. Ana-
lyzing the obtained results, we can conclude that a higher
~ 07 concentration of protein is found in the dry extract of A. eu-
E 0.6 O ¢ patoria, followed by C intybus, G. verum and a lower concen-
b2 g i A tration of protein we have in the dry extract of S. virgaurea.
[ra L .'.."'
o 03 e y=0,0023x +0,0334 Discussion
g 02 e R?=0.9922 It is well known that the field of modern medicines has
-g 0-{1) e® recently increasingly focused its interest on herbal med-
@ icines with minor side effects. The exploitation of natural
2 0 50 100 150 200 250 300 . . . p L. -
resources used in particular in folk tradition is of particular
BSA standard (ug/ml) interest because of their biological potential, and the phar-
. dford dard macotherapeutic value of plants is linked to their phyto-
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The Bradford spectrophotometric test (absorbance 595
nm) used to measure protein concentrations as a function
of absorbance of Coomassie Brilliant Blue G-25 dye show
that, the richest in protein is the dry extract of Agrimony,
with a protein maximum of 17330.43 pg/ml extracted with
PBS buffer, followed by 11940.9 pg/ml with Tris-Glycin
buffer, 10591.3 extracted by Carbonate-bicarbonate buffer
and a concentration of 10460.86 with Citrate buffer.

The second plant, by protein concentration, is Chicory.
The best protein extraction was obtained with PBS buffer 12
026.08 pg/ml, followed by Tris-Glycin buffer with 9395.45
pg/ml, 6678.26 pg/ml with Carbonate-bicarbonate buffer
and last with Citrate buffer with a protein concentration of
3330.43 pg/ml.

The third plant, by protein concentration, is Lady’s bed-
straw. The dry extract of this plant showed a higher protein
extraction with Tris-Glycin buffer, with a protein concentra-
tion of 11668.18 pg/ml, followed by 6504.34 pg/ml with
PBS buffer, 2852.17 pg/ml with Carbonate-bicarbonate
buffer and a lower protein value was received with Citrate
buffer 2286.95 pg/ml.

Alower protein concentration had European goldenrod.
All buffer solutions used, showed a low protein concentra-
tion. Extraction with PBS solution showed a higher concen-
tration of protein 4069.56 pg/ml, followed by Tris-Glycin
with 1895.45 pg/ml of proteins, 1330.43 pg/ml with Car-
bonate-bicarbonate buffer solution and a lower concentra-
tion was determining with Citrate buffer 982.6 pg/ml.

The low protein concentrations in dried plant extracts
are due to the ethyl alcohol used as an extraction agent.
Studies show that proteins have much lower solubility in
polar solvents such as ethanol [50].

Conclusions

1. The development of the pharmaceutical and benefi-
cial food industry branches for health and personal-
ised treatment requires careful evaluation of phyto-
compounds in products to ensure the positive effect
on human health and to minimise consequences and
risks.

2. The results obtained show a low protein concentra-
tion, which suggests a potential lack of allergic reac-
tions and intolerance to the given plant extracts for A.
eupatoria, C. intybus, G. verum and S. virgaurea.
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