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Abstract: The goal of this article was to evaluate the antioxidant and anti-inflammatory like activities of three
species from genus Primula L. growing in Georgia: Primula macrocalyx, Primula woronowii and Primula
saguramica . First, fractions containing shoot and root parts were air-dried, grinded and extracted by 80%
ethanol followed by condensation and freeze-drying. Second, further chromatographic separations were done
on Diaion HP-20 with the following solvents: H20O, methanol (50% and 100 %) and ethylacetate 100% to obtain
the expected fractions. Flavonoids and triterpene glycosides were found mainly in 50 and 100% MeOH
fractions of Primula species after thin layer chromatogragy (TLC). Antioxidant activity of these species were
estimated in vitro by cell free systems using ABTS and DPPH assays. The anti-inflammatory potential of the
extracts was assessed with an ex-vivo cell system using isolated neutrophils. The effet of the extract was
assessed on ROS production by PMA-stimulated neutrophils and on the catalytic activity of myeloperoxidase
(MPO), a neutrophil marker of inflammation. 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 that is probably related with the high flavonoids content found in this species.

Keywords: Primula macrocalyx; Primula woronowii; Primula saguramica; extraction; stoichiometric
anticatalytic; antioxidant; ABTS; DPPH; neutrophils; myeloperoxidase; reactive oxygen species

1. Introduction

The Primulaceae family includes 59 genus of plants and approximately 697 species [1,2]. In
Georgia, this family is represented by 7 genera and 46 species. Twenty-two species 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 [2]. Phytochemical investigation on
various species of genus Primula L. revealed that flavonoids are widely distributed in this genus [3—
5]. Numerous studies have suggested that flavonoids exhibit biological activities, including
antiallergenic, antiviral, anti-inflammatory and vasodilating actions. However, most interest has
been devoted to the antioxidant activity of flavonoids, which is due to their ability to reduce free
radical formation and to scavenge free radicals [6]. It is recognized that reactive oxygen species (ROS)
play different roles in vivo. Some of these effects are beneficial and connected in 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 [6]. The
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antioxidant abilities of flavonoids can help to decrease these harmful effects. The hydroxyl groups of
aromatic rings in flavonoids donate H atom to various radicals, such as peroxyl, hydroxyl and other
radicals, which lose reactivity due to their stabilisation and on the other hand forming a relatively
stable flavonoid radical [7]. In addition, the C-2 and C-3 double bonds and OH group at the C-3
position of flavonoids can impove the resonance stability for electron delocalization across the
molecule, which determines better antioxidant properties [8]. 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 [9,10].

In traditional medicine, different plant species of genus Primula have been used from
immemorial times by the inhabitants of Greece as antidote to snake poison and their juice was applied
to relieve toothache [11]. Some species of the genus are used traditionally to treat epilepsy and
convulsions [12]. Different species of the genus promote functioning of liver and spleen and remove
obstructions of these organs, their constituents have been prescribed to relieve pain of kidneys, used
to cure boils, scorpion strings and are also used as sedative [13].

In Georgian folk medicine, Primula species were used for cough, especially in children’s practice
with boiled grape juice [14]. Zaza Panaskerteli’s book, Karabadine”” mentions Primula species flower
with mixture of honey and vinegar as a wound healer [15].

We are particularly interested by Primula macroxalyx, Primula woronowii being endemic of the
Caucasus and Primula saguramica being endemic of Georgia. Although the population of Georgia
actively uses these plants as food and for the treatment of various diseases, such as avitaminosis,
cough, etc., it is important to understand their biological action mode in relationship with their
content of secondary metabolites [16].

Different fractions of these plants were obtained from the crudes and using increasing gradient
(0-100%) of MeOH in water or ethylacetate (EtOAc) to separate compounds having different
polarities. In the litterature, few data concerns the anti-inflammatory potential of these species.
Polymorphonuclear neutrophils (PMNs) play a key role in inflammatory response. PMNs are the
major component of phagocytic cells in the human bloodstream. They were stimulated and undergo
a respiratory burst when they phacocyte foreign agents as bacteria and damage cells [17]. The
engulfed particles are exposed to a high flux of superoxide anion molecules produced via the activity
of NADPH-oxidase complex. Once the phagocytic vacuole is formed, fusion with other granules in
the neutrophil cytoplasm releases myeloperoxidase (MPO) which uses hydrogen peroxide as a
substrate and oxidizes chloride to hypochlorous acid, a strong oxydant molecule that can oxidize in
turn many biological molecules, and reduce thiol groups. This leads to serial events resulting in
bacterial killing [17].

During excessive inflammation, an important and uncontrolled activation of PMNs occurs
leading to an important ROS production and a release of high amount of MPO considered in this
context as a pro-oxidant biomarker, triggering and amplifying oxidation, nitration and chlorination
of some molecules in the extracellular medium (Davies 2011) . These harmful side effects can also
affect molecules of interest such DNA, neurotransmitters, proteins and cause serious diseases. One
way to limit the deleterious effect is lowering the ROS overproduction and decreasing MPO activity
[17].

In the present work, we evaluated the antioxidant activities of fractions by using four different
techniques, (i) cell free system using 2,2-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid (ABTS)
and 2,2-diphenyl-1-picrylhydrazyl (DPPH) assays to determine the stoichiometric potential of the
extract molecules against free radical production, (ii) a chemiluminescent technique with a cellular
model to assess the effect of extracts on the modulation of ROS production by stimulated neutrophils,
(iii) an original pharmacological technique to study the anticatalytic activity of the extracts against
MPO by targeting its active site (SIEFED), (iv) a pharmacological technique for determination of the
electron donor potential of the extracts on the peroxidase cycle of MPO .

2. Results
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2.1. Screening of secondary metabolites

In the first step, for screening of some secondary metabolites in Primula species, it was important
to perform TLC and preliminary phytochemical tests [18-20]. According to the results, the content of
flavonoids and triterpene glycosides were determined (see Figure 1A-C). As a reference standard
rutin was used at starting concentration of 1 mg/ml and samples with initial concentrations of
20mg/ml. In advance, for TLC, there was prepared system - CHCls: MeOH: H20O ratio-26:14:3 and
silica gel plate was placed in the chromatography tank after about 2 hours. For revelation secondary
metabolites (flavonoids and triterpene glycosides) 1% 2-aminoethyl diphenylborinate and 1%
vanillin solution was used respectively. According to the results, flavonoids was characterized for 1,
3 and 4 fractions for all species, more intense color seems detected for P.m3, P.w3 and P.s3. On the
other hand, triterpenes mostly appear in 1 and 4 fractions.

2.2. Effect of the fractions on the scavenging activity towards radical cation ABTS*+ and DPPH* formation

ABTS and DPPH anti-radical assays were used for the stoichiometric activity assessment of all
the fractions. Gallic acid and quercetin used as control standards were more efficient than fractions.
Most of the tested fractions exhibited a dose-dependent radical scavenging activity except fractions
obtained in H20 and EtOAc. From these results, a calculation of ICs0 was performed (see 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 Pw showed the best
results (P.w 3 ABTS - ICs0=8.51 + 0.18; DPPH - IC50=34.57 + 0.47). Results from ABTS indicate that the
reaction between studied fraction and ABTS radical species is faster and better than for DPPH assay
(see Figure 2A-C)). For some fractions (P.m1,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 ICso could not be determined, because at these concentrations, the inhibition
of free radicals (ABTS, DPPH) in percentage, did not exceed 50%.

Table 1. Determination of ICso (ug/ml).

Name ABTS DPPH SIEFED Classical PMN
Pm1l >50 >50 11.89 £ 0.6 9.8+0.1 51+0.3
Pwil 454 +29 >50 48+04 59+0.7 6.44 +0.2
Ps1 > 50 > 50 11.58 +0.7 14.1+£0.1 16.8 +0.02
P.m?2 >50 >50 17.28 +0.8 11.9+0.1 > 50
Pw?2 > 50 > 50 52+0.3 17.8 +0.1 25.4+0.01
P.s2 > 50 > 50 22.32 +1.02 9.25+0.04 >50
P.m3 12.88 36.47 +0.13 444 +04 1.96 +0.2 1.17 +£0.07
Pw3 8.51+0.18 34.57 +0.47 1.49+0.7 1.89 +0.01 0.68 +0.04
P.s3 27.9 48.88 +0.5 4.89+0.9 2.71+0.9 1.1+0.03
P.m4 >50 >50 >50 10.51 +£0.1 1.4+0.03
Pwi4 48.1+2.1 >50 6.02+0.2 11.53+0.3 2.8+0.2
Ps4 > 50 > 50 33.9+0.9 15.68 + 0.1 5.3+0.1
Pm5 > 50 > 50 >50 > 50 > 50
P.w5 > 50 > 50 >50 > 50 > 50
P.s5 >50 >50 >50 > 50 > 50
Galicacid 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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Figure 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 H20, 50 % MeOH, 100 %
MeOH and EtOAc (fractions 2, 3, 4 and 5 respectively). Gallic acid (GA) and quercetin (Qu) were used
as reference compounds. All the extract powders were solubilized in DMSO and their scavenging
capacity were 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
percentages vs Ctrl negative set as 100 % (Mean +/- SD, n=3 independent experiments with 3 technical
replicates for each experiment).

2.3. Effect of the fractions on ROS production by stimulated neutrophils.
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One of the most important mechanisms for the determination of anti-inflammatory activity is to
study the inhibition of ROS produced by stimulated neutrophils. Gallic acid used as control standard
was more efficient than fractions. Considering the 3 species, the fraction 3 and 4 prepared in MeOH
(50%) and MeOH (100%) respectively showed the best results. The fractions obtained with ethanol
extraction and freeze drying (fraction 1) also showed good results but less effective than for 3 and 4
fractions (Figure 3-C). For plant fractions 3 and 4, additional dilutions were prepared for the
detemination of ICso (see supplementary material). Based on these experiments ICso were calculated
and the best one was determined for: P.w 3 PMN - IC50 0.68 + 0.04 (see Table 1). For some fractions,
the ICso could not be determined, because at these concentrations, the inhibition of ROS in percentage,

did not exceed 50%.
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Figure 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 (fraciton 1) or after chromatographic separation with H20, 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
were compared to DMSO control (Ctrl DMSO) and stimulated neutrophil without 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. .

Figure 3 (supplementary material) Relative inhibition of neutrophils ROS production induced
by Primula macroxalyx (P.m.) (A), Primula woronowii (P.w) (B) nd Primula saguramica (C) fractions
obtained after chromatographic separation 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 were 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 vs negative Ctrl set as 100 % (Mean +/- SD, n=3
independent experiments with 3 technical replicates for each experiment).

2.4. Effect of the fractions on MPO activity

Flavonoids are the compounds with different number of hydroxyl groups. Besides their
antioxidant activity, another important pharmacological activity in relationship with inflammation
is their ability to interfere with the activity of MPO either by penetrating and blocking the active site
of the enzyme, or by acting as electron donor molecules for 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 solubilized in DMSO, showed a better efficiency in the
classical assay with similar ICs0 in compared to the SIEFED one (Figure 4), suggesting that they act
mainly as electron donors for the peroxidase cycle of the enzyme. Nevertheless, SIEFED assay
showed that both molecules have the ability to also block the active site of the enzyme but the 1Cso
for gallic acid (0.53 + 0.04) was lower than quercetin one (1.37 + 0.02). For all the plant species, most
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of fractions showed a dose dependent inhibitory effect but the chromatographic fractions obtained
with EtOAc were the less efficient (Figure 4A—C). Whatever the species, it was the chromatographic
fraction obtained with 50 % MeOH (3) that gave the best results followed by the crude fraction got
with ethanol extraction and freeze drying (1). For these two fractions results obtained by SIEFED and
classical assays were quite similar suggesting that compounds from these fractions act mainly by
blocking the active site of the enzyme. According to the ICso from SIEFED and classical enzymatic
assays P.w 3 seems to have the strongest anti-MPO activity (Table 1). For some fractions, the ICso
could not be determined, because at these concentrations, the inhibition of MPO and electron
donating ability in percentage, did not exceed 50%.
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Figure 4. Inhibition of MPO activity measured by SIEFED and classical assay by Primula macroxalyx
(P.m.) Primula woronowii (P.w) and Primula saguramica fractions obtained after ethanol extraction and
freeze drying (1) or after chromatographic separation with H20, 50 % MeOH, 100 % MeOH and EtOAc
(fractions 2, 3 4 and 5 respectively). Gallic acid (GA) and quercetin (Qu) were used as reference
compounds. All the powedered extracts were solubilized in DMSO and their MPO inhibition was
compared to DMSO control (Ctrl DMSO) and MPO control without 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).

3. Discussion
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In this article, we focused on species growing in Georgia: P.m, P.w and P.s. (Primula macrocalyx,
Primula woronowii and Primula saguramica). The first step was the development of an optimal
extraction condition to obtain secondary metabolites. In the literature, phenols, triterpene saponins,
and flavonoids are the most common classes of compounds [21]. 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.m1, P.w1, and P.s1). For fractionation purposes, column chromatography
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 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 pharmacological effect
as compared to non-polar ones. This indicates that fractionation has an important influence on
results. In addition, 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 column chromatography, the following fractions were obtained: H2O — 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 phytochemicals, several tests and TLC were performed, which
confirmed the content of flavonoids and triterpene saponins. According to TLC, flavonoids mostly
are in 3 fractions (P.m 3, P.w 3, P.s 3), while triterpene saponins in 1 and 4. For flavonoids 1% 2-
aminoethyl diphenylborinate and for triterpene saponins, 1% vanillin solution in methanol were
used, yellow-orange and violet spots were produced respectively [20].

According to the properties of secondary metabolites, several methods have been used to
evaluate the antioxidant properties of the fractions in vitro based on the chemical evaluation of the
stoichiometric activity of the molecules by measuring their ability to scavenge radical species
produced by cell free system (DPPH, ABTS) [22]. ABTS*+ and DPPH* assays are good and
complementary techniques for evaluation of the general stoichiometric activities of the molecules,
because ABTS*+ includes hydrogen atom transfer assay (HAT), which means donating of hydrogen
atom from antioxidants and DPPH —include HAT and single electron transfer mechanism (SET). The
latter reaction based on single-electron transfer from antioxidant to free radicals [23]. From ABTS and
DPPH results, the 3 species showed stoichiometric antioxidant properties when the plant fraction is
prepared in 50% MEOH. According to the results P.w showed the best antiradical activity but with a
weaker response for DPPH than for ABTS . According to the TLC results, P.w3 fractions characterized
with more type of flavonoids, this is maybe a reason for better antioxidant activity than others. Strong
stoichiometric antioxidant properties were already demonstrated in different Primula species
(Primula veris, Primula heterochroma Primula vulga ris) indicating that these plants are important source
of antioxidants [24,25].

However, ABTS and DPPH methods do not take into consideration the potential effects on the
cells. Antioxidant molecules also act by inhibiting the enzymes and pathways responsible for the ROS
production (anticatalytic activity). It is evident that the anticatalytic activity is more powerful than
the stoichiometric one, because low concentrations of anticatalytic antioxidant molecules are
sufficient to block or reduce the source of ROS production [26].

Nowadays, more works are devoted to the antioxidant effects of molecules on the activity
of enzymes involved in oxidation process and radical species formation which requires to use
enzymatic and extra and intracellular cellular systems [27-30]. The effect of the crude extract and
fractions was investigated on neutrophils and MPO playing key roles in inflammation. We used a
luminescent probe, L012, generally used to measure the ROS production by stimulated neutrophils
and it is known that the primary ROS is superoxide anion (O2-) produced by the activity of NADPH
oxidase [31]. (see Figure 3-C). Our results showed the strong potential of the 3 Primula species
prepared in 50% MeOH to inhibit the ROS production by neutrophils (Fig 3 A,B,C). and confimed
our previous results on the antioxidant stoichiometric activities. Theses 3 species are well used in
Georgia for their anti-inflammatory properties especially against cough, catarrhs of the respiratory
tract and chronic bronchitis. Neutrophils are known to be involved in common respiratory diseases.
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Stimulation of neutrophils and ROS production also determine the NET formation consisting of
decondensed chromatin fibers coated with antimicrobial proteins, such as histones, neutrophil
elastase (NE), a-defensins and MPO [32]. Generally excessive NET production increases mucus
viscosity, causing the lungs to fill with mucus and affecting lung function. It seems that secondary
metabolites containing in primula species can inhibit NET formation [33].

In our cellular model, mostly superoxide anion is measured, however we cannot exclude
interaction with cells and therefore modification of cellular metabolism or enzyme activities. Indeed,
flavonoids can exert their anti-inflammatory effects at multiple cellular levels, including signalling
pathways, cytokines and chemokines production and modulation of the enzymes involved in
reactive oxygen and nitrogen species [34-36]. Among the enzymes, myeloperoxidase, released by
stimulated PMNs, play significant role in inflammation. After its oxidant activity, involving both
peroxidase and chlorination cycles, MPO is able to produce strong oxidant species such as HOCI [37].
It is evidenced that oxidant compounds derived from the activity of MPO are necessary employed
for the killer function of neutrophils towards bacterial and other pathogen agents, but also cause
tissue damage, initiates and propagates acute and chronic inflammatory diseases [38]. The SIEFED
(specific immunological extraction followed by enzymatic detection) a licensed method developed
by Franck et al. [39] [40], which gives us opportunity to study the direct interaction between MPO
and molecules from the extracts. The SIEFED consists of the extraction of MPO by immobilized anti-
MPO antibodies followed by washing. The washing step allows to eliminate proteins, interfering
molecules or testing samples or drugs. After washing, the MPO activity was measured using a
detection system containing a fluorogenic substrate, hydrogen peroxide, and sodium nitrite as
reaction enhancer (Franck et al. 2005). Any inhibition of the enzyme activity, persisting after the
elimination of the molecule evidence that the molecule has interacted with the enzyme, modified its
structure, inhibit its active site and thus limited or blocked the access of substrates to this site [39].
On the other hand, with classical enzymatic assay which does not use an immunological capture, we
can evaluate electron donor potential of tested molecules in MPO peroxidase cycle [41]. With the
classical enzymatic assay there is a risk of reaction between the substrate or the product derived from
the enzyme activity and the inhibitor. However it is good technique to determine the electron-
donating potential of the molecule for the peroxidase cycle of the enzyme or competitive inhibition
toward substrate. For both techniques, the 3 plant species showed good potential to inhibit MPO
activity by either interacting with its active site or by substrate competition especially 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 preventing the harmful effect of the
oxidant molecules derived from its activity. Flavonoids compounds are known to inhibit the activity
of MPO [42]. Further studies are needed to determine which molecules from the extract are
responsible for this inhibition.

4. Materials and Methods

4.1. Chemicals and reagents

2,2-Azinobis-(3-ethylbenzohiazoline-6-sulphonic acid (ABTS) was from Fluka (Bornem,
Belgium). Sodium, and potassium chloride, ethanol, hydrogen peroxide (H20:), dimethyl 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 Chemical Europe (Neuss, Germany) were Amplex Red (10-acetyl-3,7- dihydroxyphenoxazine)
was purchased from Invitrogen Phorbol 12-myristate 13-acetate (PMA), gallic acid (2,4,6-
trihydroxybenzoic acid) and sodium persulfate (Na25:0s) 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 ChromaDex (LGC Standard, France). De-oxygenated milliQ water
or ultrapure water (EasyPure UV purification system) was used for the preparation of all solutions.
Fluoroskan Ascent FL (Fisher Scientific, Tournai, Belgium) and Multiskan Ascent (Thermo
Labsystem) were used for determination antioxidant activity.
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4.2. Sample collection

The following plants are the research objects from genus Primula. L : Primula macrocalyx
Bunge., - was collected in the floristic area of Kartli, in the meadows of the Saguramo-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 [2].

4.3. Extraction procedure and preliminary phytochemicals 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 condensation with
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: H2O - 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, EtOAc100% - P.m 5, P.w 5, P.s 5. (see Figure 5)

Primula species - dried and grinded

plant
Solvent EtOH 80% cold, filtration
L Three time extraction , 100°C water — Extractive solution

bath, Boiling 1 hour

Lyophilized powder Condensation with
(Pm1,Pw1,Ps1) rotary evaporator

P 4 Fractions N
//’/ \\
N
L // h y
H,0 — 100% ‘ ‘ ELOAC 100%
Pm2 Pw2, Ps2 - ; Pm5, Pw5, Ps5
o MeOH - 50% MeOH - 100%
Pm3, Pw 3, Ps3 Pm4,Pwd, Ps4

Figure 5. Extraction procedure and sampling of Primula species fractions.

The ethanol 80%, water, methanol 50%, methanol and ethyl acetate extracts (1 g) were dissolved
in 100 mL of its own mother solvents for preparing the stock solution and the latter was used for
phytochemical screening following the methodology of Harborne and Kokate [18,19] Thin layer
chromatography (TLC) was performed for screening of secondary metabolites [20]. In both cases,
flavonoid and triterpene glycosides were revealed. For TLC of flavonoids and triterpene glycosides,
the system: CHCls: MeOH: H20 - 26:14:3 was used [20].

4.4. ABTS Free Radical Scavenging Activity Assay

The first ABTS assay was described in 1993 by Miller [49]. the method was developed based on
absorbance of the ABTS.+ radical cation for the evaluation of the total antioxidant 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 peroxide to generate ferrylmyoglobin radical. The latter
reacted with ABTS to form the ABTS™. ABTS radical cation can also be generated from the reaction
between ABTS and sodium persulfate, with direct production of the blue/ green ABTS°+
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chromophore [26] [43]. 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 final ranging from 10 to 0.625 pug/ml. The starting concentrations of tested samples
were 5mg/ml and final ranging from 50 to 3.125 pg/ml. The samples and standarts were dissolved in
DMSO and distributed in 96-well UV-Transparent Microplates control consisted of 0.02 mL DMSO
in 1.98 mL of ABTS solution. The measurements were perfromed three times. A control consisted
of 0.02 mL DMSO in 1.98 mL of ABTS solution. Samples were prepared and measured in triplicates.

4.5. DPPH Free Radical Scavenging Activity Assay

The DPPH assay was first suggested in the 1950s to find electron donors in natural products [44].
Later it was used to determine the antioxidant activity of phenolic compounds and plant food [45].
The DPPH (2,2-diphenyl-1-picrylhydrazyl) is a radical of organic nitrogen, which has an unpaired
valence electron at one atom of nitrogen bridge, and is a stable, soluble organic medium and is an
insoluble aqueous medium, with a purple color. The DPPH free radical-scavenging activity of each
extract was measured with a Multiskan Ascent plate reader at 510 nm [46]

The starting concentrations of gallic acid and quercetin were 1 mg/ml and final ranging from 10
to 0.625ug/ml. The starting concentrations of tested samples were 5 mg/ml and final ranging from 50
to 3.125 ug/ml. the samples and standarts were dissolved in DMSO and distributed in 96-well UV-
Transparent Microplates. A control consisted of 0.02 mL DMSO in 1.98 mL of DPPH solution. The
measurements were perfromed three times

4.6. The SIEFED (“Specific Immunological Extraction Followed by Enzymatic Detection”) and classical
enzymatic methods for measurement of equine active myeloperoxidase in biological samples.

Myeloperoxidase (MPO) is an abundant heme-containing enzyme, which mostly present in
neutrophils. In response to an invading agent in the body, MPO produces hypochlorous acid (HOCI),
which damages various cellular structures. Therefore, it is important to determine anticatalytic
activity of secondary metabolites.

For 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 (3pg/ml) against MPO were bound into the wells of a microplate to capture MPO. 150
microliters 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 polyclonal antibodies
(CORD, Belgium) following 3 microliters of samples and 147 microliters of PBS. All plates were
incubated for 2 h at 37°C in the darkness, before the wells were washed up. After washing, the
peroxidase activity of MPO was measured with a fluorogenic substrate, hydrogen peroxide, and
nitrite as reaction enhancer, [40]. For the classical enzymatic assay, this method reveals the electron
donating potential of a molecule in MPO peroxidase cycle. Unlike the previous method, specific
antibodies are not used here, washing and incubation steps are not performed. Fluorescence was
measured with a Fluoroscan Ascent plate readerc 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 [40]. A control assay set as 100% MPO activity was performed with
purified MPO solution where an equivalent volume of DMSO solution was added instead of the
samples.

The starting concentrations of gallic acid and quercetin were 1mg/ml and final ranging from 10
to 0.078ug/ml. The starting concentrations of tested samples were 5mg/ml and final ranging from 50
to 0.78 ug/ml. Samples were prepared and measured in triplicates.

4.7. Measurement of ROS production

The ROS production by activated neutrophils was measured by L-012-enhanced
chemiluminescence (CL) according to the method adapted from Benbarek et al. [47] and Franck et al.
[29]. Phorbol 12-myristate 13-acetate (PMA) was used for neutrophil stimulation. The latter one is
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comonly 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 [50,51]. For the method, 594 pl neutrophil
suspensions (6x10* neutrophils/well) were distributed in a 96-well white microtiter plate (White
Combiplate 8, Thermo Labsystems, Finland) by following 6 ul of samples, 10 ul of L-012 and 10 pl of
PMA. The plate was incubated for 10 min at 37°C with fractions. The CL response 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 triplicates [48].
The starting concentrations of gallic acid and quercetin were 1mg/ml and final ranging from 10 to
0.019ug/ml. The starting concentrations of tested samples were 5mg/ml and final ranging from 50 to
0.78 pg/ml

4.8. Statistical analysis

For ABTS, DPPH, SIEFED and CL assays, within an experiment each assay was done at least
three times. The statistical analysis was performed with GraphPad Instat 3.05 (GraphPad Software,
San Diego CA, USA). All the results are expressed as mean =+ standard deviation (SD) in percentage
vs. controls, which were set as 100%.

5. Conclusion

All three species — P.m, P.w and P.s were extracted with 80% ethanol, followed by fractionation
on column chromatography and preliminary phytochemical tests with TLC were performed for
screening secondary metabolites. According to the results, triterpene saponins and flavonoids were
revealed. Depending on the content of the latter, the antioxidant and anti-inflammatory activity of
the fractions were evaluated using different techniques. The results from all methods demonstrate
that P.w 3 fraction characterized by both good stoichiometric and anticatalytic activity, in particular,
secondary metabolites in P.w 3 can reduce ABTS and DPPH radicals, results from SIEFED - it inhibits
the active center of MPO, acts as an electron donor in MPO peroxidase cycle based on the results of
the classical enzymatic assay and inhibits reactive oxygen species according to the results conducted
on neutrophils.

Overall our results showed that the MeOH 50 % fraction of P.w 3 has both good stoichiometric
and anticatalytic activity on neutrophil ROS production and MPO activity. Such results could be
partly related with the well known antiinflammatory and medical properties of Primulas species.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org.
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