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Abstract: Background: In traditional medicine, species of the genus Primula L. are used to treat
various health conditions, such as eye disorders, respiratory infections, headaches, epilepsy, insom-
nia, as expectorants, and to promote wound healing.

Objective: The goal of this article was to evaluate the antioxidant and anti-inflammatory activities of
three species from genus Primula L. growing in Georgia: Primula macrocalyx, Primula woronowii
and Primula saguramica.

Methods: Initially, fractions containing both aerial and underground parts were air-dried, ground,
and extracted with 80% ethanol. The extract was then concentrated by condensation and further dried
through freeze-drying. Subsequently, additional chromatographic separations were carried out on
Diaion HP-20 using solvents such as water, methanol (50% and 100%), and 100% ethyl acetate to

ARTICLE HISTORY isolate the desired fractions. To identify flavonoids and triterpene glycosides, the study employed
thin-layer chromatography (TLC) alongside preliminary phytochemical tests. The antioxidant activi-
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trophils. The study examined the extracts' impact on reactive oxygen species (ROS) production in
neutrophils stimulated with PMA, as well as their effect on the catalytic activity of myeloperoxidase
(MPO), a marker of inflammation in neutrophils.
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@ CrossMark Results: Flavonoids and triterpene glycosides were primarily identified in the 50% and 100% metha-
nol (MeOH) fractions of Primula species through TLC and preliminary phytochemical tests. For each
experiment, gallic acid and quercetin served as standards at a concentration of 1 mg/ml, while the
tested samples were prepared at concentrations of 5 mg/ml. Based on the ICs, findings, P. w 3 exhib-
its the most potent antioxidant and anti-inflammatory properties, as evidenced by the following indi-
cators: ABTS - IC5¢=8.51 £ 0.18; DPPH - 1C5,=34.57 £ 0.47; PMN - IC5,=0.68 + 0.04; SIEFED -
1C50=1.49 £ 0.7; and classical IC5,=1.89 = 0.01.

Conclusion: Among the tested fractions, only the fraction of the 3 species prepared in MeOH (50%)
showed the best dose-dependent antioxidant and anti-inflammatory activities, especially P.w 3 which
is probably related to the high flavonoid content found in this species.
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Phytochemical Screening of Genus Primula Species

1. INTRODUCTION

Plants have been utilized in traditional medicine systems
for millennia, given their extensive repertoire of bioactive
compounds with therapeutic potential. The vast diversity of
plant species presents a considerable opportunity for the dis-
covery of novel pharmacological agents. Additionally, the
production of plant-derived medicines can be more cost-
effective compared to the synthesis of pharmaceuticals,
thereby enhancing the accessibility of treatments, particular-
ly in settings with limited resources [1]. The flora of Georgia
is among the richest in countries with temperate climates.
Consequently, it is important to study not only the plant spe-
cies that grow in Georgia but also its endemic species [2].
Our research focuses on species belonging to the family
Primulaceae, which includes 59 genera of plants and approx-
imately 697 species [3, 4]. Primulas are native to various
regions, including the tropical mountain areas of Ethiopia,
the temperate zones of the northern hemisphere, Indonesia,
New Guinea, and South America [5]. In Georgia, this family
is represented by 7 genera and 46 species. Twenty-two spe-
cies of the genus Primula L. can be found in Georgia, among
them, 10 are endemics of the Caucasus, and two - endemics
of Georgia: Primula abchasica and Primula saguramica [4].
Phytochemical investigation of various species of the genus
Primula L. revealed that flavonoids are widely distributed in
this genus [6-8]. Additionally, the primary bioactive constit-
uents of Primula flowers and roots include triterpene sapo-
nins, phenolic acids, and phenolic glycosides [9, 10]. Nu-
merous studies have suggested that flavonoids exhibit bio-
logical activities, including antiallergenic, antiviral, anti-
inflammatory, and vasodilating actions. However, most in-
terest has been devoted to the antioxidant activity of flavo-
noids, which is due to their ability to reduce free radical for-
mation and to scavenge free radicals [11]. It is recognized
that reactive oxygen species (ROS) play different roles in
vivo. Some of these effects are beneficial and connected to
cell growth as well as to intercellular signaling. However,
high ROS production may be very harmful since they can
oxidize lipids, cell membranes, proteins in tissues, enzymes,
carbohydrates, and DNA [11]. The antioxidant abilities of
flavonoids can help to decrease these harmful effects. The
hydroxyl groups of aromatic rings in flavonoids donate the H
atom to various radicals, such as peroxyl, hydroxyl and other
radicals, which lose reactivity due to their stabilization and,
on the other hand, form a relatively stable flavonoid radical
[12]. Furthermore, the presence of C-2 and C-3 double
bonds, along with hydroxyl (OH) groups at the C-3 position
of flavonoids, enhances the molecule's ability to stabilize
electrons through resonance, thereby contributing to superior
antioxidant properties [13]. Several enzymes involved in
inflammation, including xanthine oxidase (XO), cyclo-
oxygenase (COX), lipoxygenase phosphoinositide 3-kinase,
and myeloperoxidase (MPO), are also known to be potently
inhibited by flavonoids [14, 15]. On the other hand, Saponins
are a varied group of naturally occurring plant secondary
metabolites. They feature a hydrophilic sugar component
attached to a lipophilic aglycone, which gives them am-
phiphilic characteristics and distinctive functional properties
[16]. Saponins are utilized across the pharmaceutical and
related fields for their advantageous effects [17]. They may
help lower blood lipid levels, decrease cancer risk, and regu-
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late blood glucose levels. A diet rich in saponins is thought
to aid in preventing dental decay and reducing platelet ag-
gregation. Furthermore, saponins show promise in treating
hypercalciuria and counteracting acute lead poisoning [18].
Saponins are also used as agents to promote expectoration
and relieve coughs [19]. In the cosmetics industry, saponins
are prized for their natural ability to emulsify, foam, and
cleanse. They are used in a range of products, including
shampoos, soaps, facial cleansers, body washes, and shaving
creams, where they enhance lathering, cleaning, and moistur-
izing properties [20]. In addition, bis-bibenzyls compounds
were isolated from some species of Primula: Riccardin-C
was extracted from the rhizomes of P. veris, which showed
pronounced anti-cancer potential [21]. In traditional medi-
cine, different plant species of the genus Primula have been
used from immemorial times by the inhabitants of Greece as
an antidote to snake poison, and their juice was applied to
relieve toothache [22]. Some species of the genus are used
traditionally to treat epilepsy and convulsions [23]. Different
species of the genus promote the functioning of the liver and
spleen and remove obstructions of these organs; their con-
stituents have been prescribed to relieve renal pain, used to
cure boils, and scorpion strings, and are also used as seda-
tives [24]. In Denmark, Primula flowers are used to make
distilled water, and infusions from either fresh or dried plants
are utilized to treat headaches, epileptic seizures, and insom-
nia. Additionally, these plants are incorporated into tradi-
tional medicine practices to support the healing process [25].
In traditional folk medicine, extracts from the leaves and
roots of Primula vulgaris are employed to address skin is-
sues, ulcers, and support wound healing [26]. Primula mac-
rocalyx has been extensively utilized in traditional medicine
for its expectorant, diuretic, sedative, spasmolytic, and su-
dorific properties. It is used to address a range of conditions,
including vitamin deficiencies, colds, fevers, headaches, in-
somnia, paralysis, scurvy, tuberculosis, heart disease, rheu-
matism, and kidney disorders [27, 28]. In addition, Primula
finds applications in both the culinary and cosmetic fields.
The flowers are utilized as decorative, edible additions to
salads, desserts, and beverages, while the oil derived from its
seeds is highly valued in the cosmetic industry for its bene-
fits to skin and hair. Additionally, scientific studies have
investigated Primula’s genetic variety, its role in ecosystems,
and its possible impact on adapting to climate change [29].
In Georgian folk medicine, Primula species were used for
cough, especially in children’s practice with boiled grape
juice [30]. Zaza Panaskerteli’s book, “Karabadine’” mentions
the Primula species flower with a mixture of honey and vin-
egar as a wound healer [31]. Primula species are renowned
for their diverse biological activities. Extracts from these
plants are commonly utilized in the treatment of respiratory
tract infections [32]. The saponins present in Primula exhibit
potent antifungal activity against Candida species [33]. No-
tably, the flower extract of Primula vulgaris has demonstrat-
ed significant anticancer effects against HelLa cells by dis-
rupting the cell cycle at the S phase and increasing the rate of
apoptosis. This effect, which is concentration-dependent,
also involves a decrease in mitochondrial membrane poten-
tial, akin to the response observed in standard fibroblast cells
[34]. In traditional medicine, leaf infusions from various
Primula species are employed as diuretics for kidney and
bladder disorders and as analgesics for rheumatic conditions.
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Conversely, flower infusions are used for a variety of thera-
peutic purposes, including as diaphoretic expectorants and
anti-inflammatories for bronchitis, insomnia, tachycardia,
migraines, and nervousness [25]. Aqueous and ethanolic
extracts of Primula elatior and Primula veris exhibit potent,
dose-dependent effects in managing epilepsy and convul-
sions, and they also enhance tranquility. This efficacy is evi-
dent in flumazenil-binding assays that target benzodiazepine
receptors [35]. The compound Primin, isolated from Primula
obconica, demonstrates both antibacterial and anticancer
properties [36]. Additionally, Primula denticulata is notable
for its antioxidant, antidiabetic, and antileishmanial activi-
ties. Traditionally, the flower extract of this species is used
to address eye-related issues [37, 38]. Furthermore, Sitos-
terol glucoside from Primula macrophylla also shows an-
tileishmanial effects [39]. Omega-3 polyunsaturated fatty
acids, integral components of Primula species, contribute
positively to cardiovascular health [40]. Lastly, saponins
derived from Phaseolus vulgaris and Cyclamen persicum,
when diluted to a 1:1000 ratio, exhibit spermicidal proper-
ties, demonstrating a natural ability to immobilize and kill
sperm [41]. Given this diverse pharmacological activity, we
are particularly interested in Primula macroxalyx, Primula
woronowii being endemic in the Caucasus, and Primula sa-
guramica being endemic in Georgia. Although the popula-
tion of Georgia actively uses these plants as food and for the
treatment of various diseases, such as avitaminosis, cough,
efc., it is important to understand their biological action
mode in relationship with their content of secondary metabo-
lites [42]. Different fractions of these plants were obtained
from the crudes, and using an increasing gradient (0-100%)
of MeOH in water or ethyl acetate (EtOAc) was used to sep-
arate compounds with different polarities. In the literature,
few data concern the anti-inflammatory potential of these
species. Polymorphonuclear neutrophils (PMNs) play a key
role in inflammatory response. PMNs are the major compo-
nent of phagocytic cells in the human bloodstream. They
were stimulated and undergo a respiratory burst when they
phagocyte foreign agents as bacteria and damage cells [43].
The particles that are engulfed are subjected to a substantial
amount of superoxide anion molecules generated by the
NADPH-oxidase complex. Once the phagocytic vacuole is
formed, fusion with other granules in the neutrophil cyto-
plasm releases myeloperoxidase (MPO), which uses hydro-
gen peroxide as a substrate and oxidizes chloride to hypo-
chlorous acid, a strong oxidant molecule that can oxidize in
turn many biological molecules, and reduce thiol groups.
This leads to serial events resulting in bacterial killing [43].
In cases of severe inflammation, there is significant, uncon-
trolled activation of polymorphonuclear leukocytes (PMNs),
resulting in increased production of reactive oxygen species
(ROS) and the release of large quantities of myeloperoxidase
(MPO), which is considered a pro-oxidant biomarker in this
context. This process triggers and amplifies oxidation, nitra-
tion, and chlorination of molecules in the extracellular envi-
ronment. These detrimental effects can also impact important
molecules such as DNA, neurotransmitters, and proteins,
potentially leading to serious diseases. One strategy to miti-
gate these harmful effects involves reducing the excessive
production of ROS and lowering MPO activity [43]. In our
study, we examined the antioxidant capabilities of fractions
using four distinct methods: (i) a cell-free system employing
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ABTS and DPPH assays to gauge how extract molecules
interact with and counteract free radical production; (ii) a
chemiluminescent assay employing a cellular model to eval-
uate how extracts influence the regulation of reactive oxygen
species (ROS) production by stimulated neutrophils; (iii) an
innovative pharmacological approach (SIEFED) to investi-
gate the extracts' ability to inhibit MPO activity by targeting
its active site; and (iv) a pharmacological method to assess
the extracts' potential as electron donors in the peroxidase
cycle of MPO.

2. MATERIALS AND METHODS
2.1. Chemicals and Reagents

2,2-Azinobis-(3-ethylbenzohiazoline-6-sulphonic  acid
(ABTS) was from Fluka (Bornem, Belgium). Sodium and
potassium chloride, ethanol, hydrogen peroxide (H,0,), di-
methyl sulfoxide (DMSO), Tween 20 were analytical-grade
products from Merck (VWRI, Leuven, Belgium). L-012 (8-
amino-5-chloro-7-phenyl-pyrido[3,4-d] pyridazine-
1,4(2H,3H)dione) was obtained from FujiFilm Wako Chem-
ical Europe (Neuss, Germany) were Amplex Red (10-acety 1-
3,7-dihydroxyphenoxazine) was purchased from Invitrogen
Phorbol 12-myristate 13-acetate (PMA), gallic acid (2,4,6-
trihydroxybenzoic acid) and sodium persulfate (Na,S,0g)
DPPH (2,2-diphenyl-1-picrylhydrazyl) was purchased from
Aldrich  (Steinheim, Germany). Quercetin (3,3,4,5,7-
pentahydroxy-2-phenylchromen-4-one) was from Chro-
maDex (LGC Standard, France). De-oxygenated milliQ wa-
ter or ultrapure water (EasyPure UV purification system)
was used for the preparation of all solutions. Fluoroskan As-
cent FL (Fisher Scientific, Tournai, Belgium) and Multiskan
Ascent (Thermo Labsystem) were used for the determination
of antioxidant activity.

2.2. Sample Collection

The following plants are the research objects from the
genus Primula. L.: Primula macrocalyx Bunge., was collect-
ed in the floristic area of Kartli, in the meadows of the Sagu-
ramo-Zedazeni forest-park, in the forest edges E044.788210,
at H-990m, in the active flowering phase in 2021, Primula
woronowii Losinsk. was collected in the floristic area of
Kartli, in the meadows of the Saguramo-Zedazeni forest-
park, E044.785340, at H-891m, in the active flowering phase
in 2020 and Primula saguramica Gavr. was collected in the
floristic area of Kartli, on the eastern slope of the Tbilisi
ridge, on the slopes of village Karsan in oak-shrub forests
E044.712020, at H-798m, in active flowering phase in 2021

[4].

2.3. Extraction Procedure and Preliminary Phytochemi-
cals Screening

The first step was the selection of extraction conditions:
A shoot and root of all species were dried, grinded and three-
time extraction with 80% EtOH was performed. After con-
densation with a rotary evaporator at 70°C, crude extracts
were obtained with lyophilization (P.m 1, P.w 1, P.s 1).
From the crude extracts, the following enriched fractions
were obtained by column chromatography on Diaion HP-20,
with an increasing gradient: H,O — P.m 2, P.w 2, P.s 2,
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MeOH 50% - P.m 3, P.w 3, P.s 3, MeOH 100% - P.m 4, P.w
4,P.s 4, EtOAc 100% - P.m 5, P.w 5, P.s 5 (Fig. 1).

The ethanol 80%, water, methanol 50%, methanol and
ethyl acetate extracts (1 g) were dissolved in 100 mL of their
own mother solvents for preparing the stock solution, and the
latter was used for phytochemical screening following the
methodology of Harborne and Kokate [44, 45]. Thin layer
chromatography (TLC) was performed to screen for second-
ary metabolites [20]. In both cases, flavonoid and triterpene
glycosides were revealed. For TLC of flavonoids and triter-
pene glycosides, the system, CHCl;: MeOH: H,O - 26:14:3
was used [46].

2.4. ABTS (2,2-azinobis-(3-ethylbenzohiazoline-6-
sulphonic Acid) Free Radical Scavenging Activity Assay

The first ABTS assay was described in 1993 by Miller
[47]. The method was developed based on the absorbance of
the ABTS.+ radical cation for the evaluation of the total an-
tioxidant capacity of body fluids and drug solutions. This
method was first based on the production of ABTS radical
cation by activation of metmyoglobin with hydrogen perox-
ide to generate ferryl myoglobin radical. The latter reacted
with ABTS to form the ABTS . ABTS radical cation can
alternatively be produced by the reaction between ABTS and
sodium persulfate, resulting directly in the formation of the
blue/ green ABTS®°+ chromophore [48, 49]. The ABTS free
radical-scavenging activity of each extract was measured
with a Multiskan Ascent plate reader at 740 nm. The starting
concentrations of gallic acid and quercetin were 1 mg/ml and
the final ranged from 10 to 0.625 pg/ml. The starting con-
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centrations of tested samples were 5 mg/ml and the final
ranged from 50 to 3.125 pug/ml. The samples and standards
were dissolved in DMSO and distributed in 96-well UV-
Transparent Microplates control consisting of 0.02 mL
DMSO in 1.98 mL of ABTS solution. The measurements
were performed three times. A control consisted of 0.02 mL
DMSO in 1.98 mL of ABTS solution. Samples were pre-
pared and measured in triplicates.

2.5. DPPH (2,2-diphenyl-1-picrylhydrazyl) Free Radical
Scavenging Activity Assay

The DPPH assay was initially proposed in the 1950s to
identify electron donors within natural products [50]. Subse-
quently, it has been employed to assess the antioxidant prop-
erties of phenolic compounds and plant-based foods [51].
DPPH (2,2-diphenyl-1-picrylhydrazyl) is an organic nitrogen
radical characterized by an unpaired electron located at one
of its nitrogen atoms. It exists in a stable, soluble organic
form and appears purple in color in its insoluble aqueous
medium. The DPPH free radical-scavenging activity of each
extract was measured with a Multiskan Ascent plate reader at
510 nm [52]. The starting concentrations of gallic acid and
quercetin were 1 mg/ml and final ranging from 10 to 0.625
pg/ml. The starting concentrations of tested samples were 5
mg/ml and the final concentrations ranged from 50 to 3.125
pg/ml. The samples and standards were dissolved in DMSO
and distributed in 96-well UV-Transparent Microplates. The
control sample comprised 0.02 mL of DMSO diluted in 1.98
mL of DPPH solution. The measurements were performed
three times.

Primula L. species - ’
dried and grinded plant

v

Solvent EtOH 80% ‘

Three time extraction, 70°C
on water bath during 1h

J peline & ﬁltratno: [ Extractive solution J

v
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(P.ml, P.wl, P.sl.)
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‘ Condensation by ’
rotary evaporation
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Fig. (1). Extraction procedure and sampling of Primula species fractions. (4 higher resolution / colour version of this figure is available in

the electronic copy of the article).
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2.6. Measurement of Reactive Oxygen Species (ROS)
Production

ROS production by activated neutrophils was assessed
using L-012-enhanced chemiluminescence (CL), following
the methodology adapted from Benbarek et al. [53] and
Franck et al. [54]. Phorbol 12-myristate 13-acetate (PMA)
was used for neutrophil stimulation. The latter is commonly
used to study the neutrophil because PMA induces pathways
to other stimuli, with the participation of PKC, MPO, and
neutrophil elastase (NE). Also PMA induces neutrophil
degranulation, metabolic changes, ROS, and NET formation
[55, 56]. 10 pl of L-012 and 10 pl of PMA. The plate was
incubated for 10 min at 37°C with fractions. The CL re-
sponse of the neutrophils was monitored for 30 min at 37°C
with a Fluoroskan Ascent FL (Fisher Scientific, Tournai,
Belgium) and expressed as the integral value of the total CL
emission. A control assay set as 100% of CL response was
performed with PMA-stimulated neutrophils where an
equivalent volume of DMSO solution was added instead of
the samples. Samples were prepared and measured in tripli-
cates [57]. The starting concentrations of gallic acid and
quercetin were 1 mg/ml and final ranging from 10 to 0.019
pg/ml. The starting concentrations of tested samples were
5 mg/ml, and final concentrations ranged from 50 to 0.78
pug/ml

2.7. The SIEFED (“Specific Immunological Extraction
Followed by Enzymatic Detection”) and Classical Enzy-
matic Methods for Measurement of Equine Active
Myeloperoxidase in Biological Samples

Myeloperoxidase (MPO) is an abundant heme-containing
enzyme which is mostly present in neutrophils. In response
to an invading agent in the body, MPO produces hypo-
chlorous acid (HOCI), which damages various cellular struc-
tures. Therefore, it is important to determine the anticatalytic
activity of secondary metabolites. For the determination
MPO inhibitory activity, SIEFED (specific immunological
extraction followed by enzymatic detection) method was
performed. This method is specific because cobaye anti-
MPO IgG antibodies (3 pg/ml) against MPO were bound
into the wells of a microplate to capture MPO. 150 micro-
liters of MPO solution were placed in a 96-wells microtiter
plate (Combiplate 8 EB) from Thermo Scientific (Breda,
Netherlands), coated with cobaye anti-human MPO polyclo-
nal antibodies (CORD, Belgium) following 3 microliters of
samples and 147 microliters of PBS. All plates were kept in
darkness and incubated at 37°C for 2 hours before the wells
were washed. Following the washing step, the peroxidase
activity of MPO was assessed using a fluorogenic substrate,
hydrogen peroxide, along with nitrite as a reaction enhancer
[58]. For the classical enzymatic assay, this method reveals
the electron-donating potential of a molecule in MPO perox-
idase cycle. Unlike the previous method, specific antibodies
are not used here, washing and incubation steps are not per-
formed. Fluorescence was measured with a Fluoroscan As-
cent plate reader at the excitation and emission wavelengths
of 544 and 590 nm, respectively. The fluorescence value was
directly proportional to the quantity of active MPO present
in the sample [58]. A control assay, established with purified
MPO solution, was set to represent 100% MPO activity. In
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this control, an equivalent volume of DMSO solution was
added instead of the test samples.

2.8. Statistical Analysis

For ABTS, DPPH, SIEFED and CL assays, within an
experiment, ecach assay was conducted at least three times.
The statistical analysis was performed with GraphPad Instat
3.05 (GraphPad Software, San Diego, CA, USA). All results
are presented as mean + standard deviation (SD) and ex-
pressed as percentages relative to the controls, which were
normalized to 100% (supplementary material).

3. RESULTS

3.1. Extraction Procedure and Preliminary Phytochemi-
cals Screening

In the first step, for screening of some secondary metabo-
lites in Primula species, it was important to perform thin
layer chromatography (TLC) and preliminary phytochemical
tests [44-46]. According to the results, the content of flavo-
noids and triterpene glycosides was determined (Supplemen-
tary material Figs. 1A-C). As a reference, standard rutin was
used at a starting concentration of 1 mg/ml and samples with
initial concentrations of 20 mg/ml. In advance, for TLC,
there was prepared system - CHCl;: MeOH: H,O ratio-
26:14:3 and silica gel plate was placed in the chromatog-
raphy tank after about 2 hours. For the revelation of second-
ary metabolites (flavonoids and triterpene glycosides), 1% 2-
aminoethyl diphenylborinate and 1% vanillin solution were
used, respectively. According to the results, flavonoids were
characterized for 1, 3 and 4 fractions for all species; more in-
tense color seems to be detected for P.m3, P.w3 and P.s3. On
the other hand, triterpenes mostly appear in 1 and 4 fractions.

3.2. Impact of the Fractions on Scavenging Activity
against ABTS*+ Radical Cation and DPPH* Formation

ABTS and DPPH anti-radical assays were used for the
stoichiometric activity assessment of all the fractions. Gallic
acid and quercetin were used as control standards and were
more efficient than fractions. The majority of the tested frac-
tions demonstrated a dose-dependent radical scavenging ac-
tivity except fractions obtained in H,O and EtOAc. From
these results, a calculation of ICsy was performed (Table 1).
The best scavenging activity was found for the standards
gallic acid and querectin followed by the plant fractions Pm,
Pw, and P.s prepared in MeOH (50%). The fraction from
P.w showed the best results (P.w 3 ABTS - IC5,=8.51 £ 0.18;
DPPH - IC5;=34.57 + 0.47). Results from ABTS indicate
that the reaction between the studied fraction and ABTS rad-
ical species is faster and better than for DPPH assay (Figs.
2A-C). For some fractions (P.ml, P.m2, P.m4, P.m5; P.w
1DPPH, P.w2, P.w4 DPPH, P.w5; P.s1, P.s2, P.s4 P.s5), the
ICs¢ could not be determined, because at these concentra-
tions, the inhibition of free radicals (ABTS, DPPH) in per-
centage, did not exceed 50%.

3.3. Effect of the Fractions on ROS Production by Stimu-
lated Neutrophils

One of the most important mechanisms for the determi-
nation of anti-inflammatory activity is to study the inhibition
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Fig. (2). Relative ABTS and DPPH radical scavenging capacity derived from Primula macroxalyx (P.m.) (A), Primula woronowii (P.w) (B)
Primula saguramica (C) fractions obtained after ethanol extraction and freeze-drying (1) or after chromatographic separation with H,O, 50 %
MeOH, 100 % MeOH and EtOAc (fractions 2, 3, 4, and 5, respectively). Gallic acid (GA) and quercetin (Qu) were used as reference com-
pounds. All the extract powders were solubilized in DMSO and their scavenging capacity was compared to DMSO control (Ctrl DMSO) and
ABTS or DPPH solution without sample (Ctrl negative). Results were obtained after 30 min incubation time and expressed in relative per-
centages vs Ctrl negative set as 100 % (Mean +/- SD, n=3 independent experiments with 3 technical replicates for each experiment). (4 high-
er resolution / colour version of this figure is available in the electronic copy of the article).
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of ROS produced by stimulated neutrophils. Gallic acid used
as control standard was more efficient than fractions. Con-
sidering the 3 species, fractions 3 and 4 prepared in MeOH
(50%) and MeOH (100%), respectively showed the best re-
sults. The fractions obtained with ethanol extraction and
freeze-drying (fraction 1) also showed good results but were
less effective than for 3 and 4 fractions Fig. (3). For plant
fractions 3 and 4, additional dilutions were prepared for the
determination of ICsy (Supplementary material Figs. 2A-C).
Based on these experiments, 1Csy was calculated and the best
one was determined for: P.w 3 PMN - ICsy 0.68 + 0.04 (Ta-
ble 1). For some fractions, the ICs, could not be determined
because at these concentrations, the inhibition of ROS in
percentage did not exceed 50%.

Supplementary material Fig. (2) Relative inhibition of
neutrophils ROS production induced by Primula macroxalyx
(P.m.) (A), Primula woronowii (P.w) (B) nd Primula sagu-
ramica (C) fractions obtained after chromatographic separa-
tion with 50 % MeOH and 100 % MeOH (fractions 3 and 4).
Gallic acid (GA) and quercetin (Qu) were used as reference
compounds. All the powdered extracts were solubilized in
DMSO and their ROS inhibition capacity was compared to
DMSO control (Ctrl DMSO) and stimulated neutrophils
without sample (ST PMN). Results were obtained after 30
min incubation time and expressed in relative percentages
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vs. negative Ctrl set as 100 % (Mean +/- SD, n=3 independ-
ent experiments with 3 technical replicates for each experi-
ment).

3.4. Effect of the Fractions on MPO Activity

Flavonoids are compounds with different numbers of
hydroxyl groups. In addition to their antioxidant activity,
another significant pharmacological effect related to inflam-
mation is their capability to influence MPO activity. This can
occur either by entering and obstructing the enzyme's active
site or by serving as electron donors in the peroxidase cycle
of the enzyme. These abilities were determined by the
SIEFED and the classical assay of the enzyme, respectively.
First reference molecules, gallic acid and quercetin solubil-
ized in DMSO, showed a better efficiency in the classical
assay with similar ICsy compared to the SIEFED (Figs. 4A-
C). One interpretation is that they primarily function as elec-
tron donors in the peroxidase cycle of the enzyme. However,
the SIEFED assay revealed that both molecules can also in-
hibit the enzyme's active site, albeit with a lower IC50 for
gallic acid (0.53 + 0.04) compared to quercetin (1.37 + 0.02).
Across all plant species studied, the majority of fractions
exhibited a dose-dependent inhibitory effect, with chromato-
graphic fractions obtained using ethyl acetate (EtOAc) show-
ing the least efficiency. (Figs. 4A-C). Whatever the species,
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Fig. (3). Relative inhibition of neutrophils ROS production induced by Primula macroxalyx (P.m.) Primula woronowii (P.w) and Primula
saguramica fractions obtained after ethanol extraction and freeze-drying (fraction 1) or after chromatographic separation with H,O, MeOH
(50% and 100%), and EtOAc (fractions 2, 3, 4 and 5, respectively). Gallic acid (GA) and quercetin (Qu) were used as reference compounds.
All the powdered extracts were solubilized in DMSO and their ROS inhibition capacity was compared to DMSO control (Ctrl DMSO) and
stimulated neutrophil without a sample (ST PMN). Results were obtained after 30 min of neutrophil stimulation with PMA and expressed in
relative percentages vs ST PMN set as 100 % response (Mean +/- SD, n=3 independent experiments, with 3 technical replicates for each
experiment). NON-ST PMN: Non-stimulated PMN. (4 higher resolution / colour version of this figure is available in the electronic copy of

the article).

106



Phytochemical Screening of Genus Primula Species

it was the chromatographic fraction obtained with 50%
MeOH (3) that gave the best results, followed by the crude
fraction obtained with ethanol extraction and freeze drying
(1). For these two fractions, results obtained by SIEFED and
classical assays were quite similar, suggesting that com-
pounds from these fractions act mainly by blocking the ac-
tive site of the enzyme. According to the ICs, from SIEFED
and classical enzymatic assays, P.w 3 seems to have the
strongest anti-MPO activity (Table 1). For some fractions,
the ICs, could not be determined because at these concentra-
tions, the inhibition of MPO and electron donating ability in
percentage did not exceed 50%.

4. DISCUSSION

In this article, we focused on species growing in Geor-
gia: P.m, P.w, and P.s. (Primula macrocalyx, Primula woro-
nowii, and Primula saguramica). The first step was the de-
velopment of an optimal extraction condition to obtain sec-
ondary metabolites. In the literature, phenols, triterpene sap-
onins, and flavonoids are the most common classes of com-
pounds [59]. Based on these data, EtOH 80% was selected as
an extraction solvent. Three times extraction was performed,
and as a result, crude extracts were obtained (P.ml1, P.wl,
and P.sl). For fractionation purposes, column chromatog-
raphy was carried out with Diaion HP-20 as the stationary
phase and solvents with different polarities (water, MeOH
50%, MeOH 100%, and EtOAc 100%) as the mobile phase.
Some compounds strengthen each other and, as a result, have

Table 1. Determination of ICs, (ng/ml).
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synergism; however, in some cases, they interfere with other
effects, so the maximum therapeutic effect is not revealed.
Based on our results, extraction with highly porous solvents
resulted in a high extract yield but with a low pharmacologi-
cal effect as compared to non-polar ones. This indicates that
fractionation has an important influence on results. In addi-
tion, the use of a combination of polar and nonpolar solvents
increases the extraction efficiency of phytochemicals with
good antioxidant quality from these species. After using col-
umn chromatography, the following fractions were obtained:
H,O-P.m 2, P.w 2, P.s 2, MeOH 50% - P.m 3, P.w 3, P.s 3,
MeOH 100% - P.m 4, P.w 4, P.s 4, EtOAc 100% - P.m 5,
P.w 5, P.s 5. For the preliminary screening of phytochemi-
cals, several tests and TLC were performed, which con-
firmed the content of flavonoids and triterpene saponins.
According to TLC, flavonoids are mostly in 3 fractions (P.m
3, P.w 3, P.s 3), while triterpene saponins are in 1 and 4. For
flavonoids, 1% 2-aminoethyl diphenylborinate and triterpene
saponins, 1% vanillin solution in methanol were used, and
yellow-orange and violet spots were produced, respectively
[46]. Based on the characteristics of secondary metabolites,
various techniques have been employed to assess the antiox-
idant properties of the fractions in vitro. These methods in-
volve chemical evaluations to measure the fractions' ability
to neutralize radical species generated in cell-free systems
(such as DPPH and ABTS assays) [60]. The ABTS*+ and
DPPH* assays are effective and complementary techniques
for assessing the overall stoichiometric activities of mole-
cules. The ABTS*+ assay focuses on hydrogen atom transfer

Name ABTS (ng/ml) DPPH (pg/ml) SIEFED (pg/ml) Classical (ng/ml) PMN (ng/ml)
P.m 1 > 50 > 50 11.89+0.6 9.8+0.1 51£03
Pwl 454429 > 50 4.8+04 59+0.7 6.44+0.2
Ps1 > 50 > 50 11.58+0.7 14.1+0.1 16.8 £0.02
P.m2 > 50 > 50 17.28+0.8 11.9+0.1 > 50
P.w2 >50 >50 52+03 17.8+0.1 25.4+0.01
Ps2 > 50 > 50 22.32+£1.02 9.25+0.04 >50
P.m3 12.88 36.47+0.13 4.44+04 1.96+0.2 1.17+£0.07
P.w3 8.51+0.18 34.57+0.47 1.49+£0.7 1.89+0.01 0.68 +0.04
Ps3 27.9 48.88 0.5 4.89+09 2.71+0.9 1.1 +£0.03
P.m4 > 50 > 50 >50 10.51+0.1 1.4+0.03
P.w4 48.1+£2.1 > 50 6.02+0.2 11.53+0.3 2.8+0.2
P.s4 >50 > 50 33.9+£0.9 15.68 0.1 53+0.1
P.m5 > 50 > 50 > 50 > 50 > 50
P.w 5 > 50 > 50 >50 > 50 > 50
Ps5 > 50 > 50 > 50 > 50 > 50
Gallic acid 0.66 +0.15 1.09 +0.02 0.53+0.04 0.18+0.02 0.03+0.01
Quercetin 2.07+0.01 2.59+0.07 1.37+0.02 0.18 £0.02 0.14 £ 0.01
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Fig. (4). Inhibition of MPO activity measured by SIEFED and classical assay by Primula macroxalyx (P.m.) (A) Primula woronowii (P.w)
(B) and Primula saguramica (C) fractions obtained after ethanol extraction and freeze-drying (1) or after chromatographic separation with
H,0, 50 % MeOH, 100% MeOH, and EtOAc (fractions 2, 3, 4 and 5, respectively). Gallic acid (GA) and quercetin (Qu) were used as refer-
ence compounds. All the powdered extracts were solubilized in DMSO and their MPO inhibition was compared to DMSO control (Ctrl
DMSO) and MPO control without a sample. Results were expressed in relative percentages vs Ctrl MPO set as 100 % (Mean +/- SD, n=3

independent experiments with 3 technical replicates for each experiment). (4 higher resolution / colour version of this figure is available in
the electronic copy of the article).
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(HAT), where antioxidants donate hydrogen atoms. In con-
trast, the DPPH* assay involves both HAT and single elec-
tron transfer (SET) mechanisms. The latter reaction is based
on single-electron transfer from antioxidants to free radicals
[61]. From ABTS and DPPH results, the 3 species showed
stoichiometric antioxidant properties when the plant fraction
was prepared in 50% MEOH. According to the results, P.w
showed the best antiradical activity but with a weaker re-
sponse for DPPH than for ABTS. According to the TLC re-
sults, P.w3 fractions are characterized by more types of fla-
vonoids, and this may be a reason for better antioxidant ac-
tivity than others. Strong stoichiometric antioxidant proper-
ties were already demonstrated in different Primula species
(Primula veris, Primula heterochroma Primula vulga ris),
indicating that these plants are important sources of antioxi-
dants [62, 63]. Nevertheless, the ABTS and DPPH assays do
not account for potential effects on cells. Antioxidant mole-
cules also exert their effects by inhibiting enzymes and
pathways involved in ROS production (anticatalytic activi-
ty). It is apparent that anticatalytic activity can be more po-
tent than stoichiometric activity because even at low concen-
trations, anticatalytic antioxidants can effectively block or
reduce ROS production sources [48]. Currently, there is in-
creasing research focusing on how molecules' antioxidant
effects influence the activity of enzymes involved in oxida-
tion processes and the formation of radical species. This re-
quires the use of enzymatic systems and both extracellular
and intracellular cellular models [64-66]. We investigated
the impact of crude extract and fractions on neutrophils and
MPO, both pivotal in inflammation. To assess ROS produc-
tion by stimulated neutrophils, we employed the luminescent
probe LO12, which detects primarily superoxide anion (O2.-)
generated via NADPH oxidase activity [67]. Our findings
demonstrated significant inhibition of ROS production by
neutrophils with the 50% MeOH preparations of the three
Primula species (Fig. 3 and Supplementary Figs. 2A and B),
confirming our earlier results on their antioxidant stoichio-
metric activities. These 3 species are well used in Georgia
for their anti-inflammatory properties, especially against
cough, catarrhs of the respiratory tract, and chronic bronchi-
tis. Neutrophils are known to be involved in common respir-
atory diseases. Stimulation of neutrophils and ROS produc-
tion also determine the NET formation consisting of decon-
densed chromatin fibers coated with antimicrobial proteins,
such as histones, neutrophil elastase (NE), a-defensins, and
MPO [68]. Generally, excessive NET production increases
mucus viscosity, causing the lungs to fill with mucus and
affecting lung function. It seems that secondary metabolites
contained in primula species can inhibit NET formation [69].
In our cellular model, we primarily measure superoxide ani-
on, but we acknowledge the possibility of interactions with
cells that could potentially modify cellular metabolism or
enzyme activities. Flavonoids are known to exert anti-
inflammatory effects through various cellular mechanisms,
including modulation of signaling pathways, production of
cytokines and chemokines, and regulation of enzymes in-
volved in reactive oxygen and nitrogen species [70-72]. One
such enzyme, myeloperoxidase (MPO), released by stimulat-
ed PMN:s, plays a significant role in inflammation. Follow-
ing its oxidant activity, which involves both peroxidase and
chlorination cycles, MPO can generate potent oxidant spe-
cies like HOCI [73]. Compounds generated from MPO activ-
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ity are essential for the bactericidal function of neutrophils
against pathogens, yet they also contribute to tissue damage
and the initiation and progression of acute and chronic in-
flammatory conditions [74]. The SIEFED (specific immuno-
logical extraction followed by enzymatic detection) method,
developed by Franck et al. [58, 75], enables the direct study
of interactions between MPO and molecules extracted from
samples. This technique involves extracting MPO using im-
mobilized anti-MPO antibodies, followed by a washing step
to remove proteins, interfering molecules, or test sam-
ples/drugs. Subsequently, MPO activity is measured using a
detection system containing a fluorogenic substrate, hydro-
gen peroxide, and sodium nitrite as a reaction enhancer
(Franck et al., 2005). Persistent inhibition of enzyme activity
following the molecule's removal suggests that the molecule
has interacted with the enzyme, possibly altering its structure
and inhibiting its active site. This interference can restrict or
prevent substrate access to the site [75]. In contrast, classical
enzymatic assays that do not involve immunological capture
allow for the evaluation of the electron donor potential of
tested molecules in the MPO peroxidase cycle [76]. Howev-
er, in these assays, there is a risk of interactions occurring
between the substrate or products derived from enzyme ac-
tivity and the inhibitor. However, it is a good technique to
determine the electron-donating potential of the molecule for
the peroxidase cycle of the enzyme or competitive inhibition
toward the substrate. For both techniques, the 3 plant species
showed good potential to inhibit MPO activity by either in-
teracting with its active site or by substrate competition, es-
pecially the crude extract and the fraction prepared with 50%
MEOH. Therefore, Primula species contained molecules
having the potential to modulate the activity of MPO and
thus prevent the harmful effect of the oxidant molecules de-
rived from its activity. Flavonoid compounds are known to
inhibit the activity of MPO [15]. Further studies are needed
to determine which molecules from the extract are responsi-
ble for this inhibition.

CONCLUSION

Triterpene saponins and flavonoids were identified in
Primula macrocalyx, Primula woronowii, and Primula sagu-
ramica. The antioxidant and anti-inflammatory activities of
the fractions derived from these species were evaluated
through a range of analytical methods. The results from all
employed methods indicate that the P.w 3 fraction exhibits
both significant stoichiometric and anticatalytic activity.
Specifically, secondary metabolites in the P.w 3 fraction
demonstrate the capacity to reduce ABTS and DPPH radi-
cals. The SIEFED assay results show that this fraction inhib-
its the active site of myeloperoxidase (MPO), functions as an
electron donor in the MPO peroxidase cycle, and inhibits
reactive oxygen species, as evidenced by the classical enzy-
matic assays and experiments conducted on neutrophils.
These findings may be partially attributable to the estab-
lished anti-inflammatory and therapeutic properties associat-
ed with Primula species.
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