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ABSTRACT

In this study, various extracts of Rosa pimpinellifolia antioxidant, anticholinesterase, and ARTICLE HISTORY

antityrosinase properties were determined with the total phenolic and flavonoid contents ?58?:“;5(]‘2022
spectrophotometrically. The phytochemical composition of the methanol extract was analyzed Accep ted
using LC-MS/MS. In addition, the extracts of R. pimpinellifolia antimicrobial activity by disc 09 Ap £ 2022
diffusion and microdilution method, and antigenotoxic activities by comet assay were explored. ugus

The ethyl acetate extract of the root (EAR) had higher antioxidant activities at 10 pg/mL with KEYWORDS
inhibition of 39.7, 91.2, and 39.5% respectively in the DPPH-, ABTS"", and superoxide anion Rosa

radical scavenging activity assay than standard antioxidant molecules. The polyphenolic pimpinellifolia,
contents of the EAR and the ethyl acetate extract of the seed (EAS) were found to be 378.2 + Rosaceae,
0.477 and 305.39 £ 0.568 pg gallic acid equivalent GAE/mg respectively. The EAR showed biological
butyrylcholinesterase activity with 19% inhibition at 100 pg/mL concentration and higher activities,
activity at 500 pg/mL with inhibition of 50% in the tyrosinase inhibitory assay than the other LC-MS/MS

R. pimpinellifolia extracts. The extracts of R. pimpinellifolia exhibited antimicrobial activity
against Staphylococcus aureus and Candida albicans. The extracts of R. pimpinellifolia did not
show any antigenotoxic effect up to the concentration of 1000 pg/mL. In LC-MS/MS analysis,
cyanidin-3-O-Glucoside and isoquercetin in the pseudo-fruit; procyanidin B2 and catechin in
the root were the major phenolic compounds.
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Introduction

Rosa pimpinellifolia belonging to the Rosaceae family is presented by 27 species in Turkish
flora. It is a deciduous shrub that grows well on calcium soils. It is known as “Karakusburnu,
Koyungozii” in Turkey, “Shrub Rose” in Europe. It is used in the treatments of hemorrhoids,
infections, flu, abdominal pain, and anemia in Turkish folk medicine by decoction of the
roots and pseudo-fruits of the species [1-3].

Flavonoids [4], aurons [5], phenylethanoids [6], saponosides [7], steroids [8], sesquiterpenes
[9], carotenoids [10], tannins [4], fatty acids [11], and volatile compounds [12] were
identified in Rosa species. Furthermore, according to some studies, R. pimpinellifolia has
condensed tannins (catechin, epigallocatechin, procyanidin B2) [13], anthocyanidins
(cyanidin-3-O glucosides) [14,15], phenolic acids (ascorbic acid, caffeic acid) [15], and
essential fatty acids (linoleic, oleic, linolenic acids) [16].

With regard to some studies also, Rosa species have antibacterial [17], anti-inflammatory
[18], antioxidant [19], anticancer [20], antidiabetic [21], hepatoprotective [22], anxiolytic
[23], antiobesity [24], anti-conflict [25], purgative [26], kidney stone reducer [27],
antidiarrheal [28], antiallergic [29], antiproliferative [30], antinociceptive [31],
antiulcerogenic [32], antihypertensive [33], antifungal [34], anti-HIV, and antitussive [35]
activities. It is also reported that Rosa species are used in skin disorders [36], atherosclerosis,
arthritis, brain dysfunction immunodeficiency [21], and hemorrhoids [37].

Medicinal plants are consumed, because of having thousands of different phenolic
components such as reductive agents, free radical scavengers, and quenchers of singlet
oxygen formation. It also plays an important role in the control of cancer and other diseases
[38]. Oxidative stress is defined as the deterioration of the oxidative balance resulting from
the deficiency of antioxidants, which is caused by the increase of reactive oxygen species
(ROS) such as hydroxyl radicals, superoxide radicals, and hydrogen peroxides formed during
cellular metabolism. ROS causes cell damage and the death of intracellular macromolecules.
Moreover, ROS-induced-DNA damage is associated with many diseases. Polyphenolic
compounds in plants protect cells against the harmful effects of ROS by donating electrons,
chelating metal ions, and stimulating antioxidant enzymes [39].
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Many medical professionals seek natural and safe antibiotics due to the increase in antibiotic
use and the resistance of bacterial strains [40]. Therefore, the antimicrobial effects of
medicinal plants are extensively studied in recent years. In addition, plants are used as an
additive in the preservation of raw and processed foods and medicines by making use of their
antimicrobial properties [41].

Tyrosinase, commonly found in plants, microorganisms, and animals, is a copper-containing
enzyme involved in the synthesis of melanin in the skin, hair, and eyes. The enzyme has a
key role in melanization [42, 43]. Recently, the search for safe and effective tyrosinase
inhibitors has gained importance in the treatment of hyperpigmentation problems such as
skin scarring caused by extreme melanin synthesis in the body and hypopigmentation
problems caused by insufficient synthesis of melanin such as psoriasis and vitiligo. These
enzyme inhibiting agents can be used in the treatment of hyperpigmentation problems. [44-
46]. Tyrosinase inhibitors are utilized in the cosmetics industry due to their skin whitening
effect [47] and in the food industry due to their ability to inhibit the enzymatic browning of
food products [48]. It has also been reported that tyrosinase may cause dopamine
neurotoxicity and that neurodegeneration is associated with Parkinson's disease [49].
Therefore, inhibition of tyrosinase is a popular target in drug development and research for
Parkinson's disease [50].

Alzheimer's disease (AD), a neurodegenerative disease, is characterized by a low level of the
neurotransmitter acetylcholine (ACh). In the treatment of this disease, it is often aimed to
prolong the availability of ACh by stimulating the cholinergic receptors or using agents that
increase or improve acetylcholine levels. Therefore, inhibition of acetylcholine degrading
enzymes (acetylcholinesterase (AChE) and butyrylcholinesterase (BChE)) is preferred in AD
therapy. Potential sources of AChE and BChE inhibitors in natural products, provide for the
development of drug molecules. Cheap, safe, alternative AChE and BChE inhibitory plants
are researched in this publication [51].

The aim of this study is to reveal the chemical characterization of the root, pseudo-fruit, and
seed extracts of R. pimpinellifolia by LC-MS/MS and to investigate their in vitro antioxidant,

antityrosinase, anticholinesterase, antimicrobial, antigenotoxic, and anticancer activities.
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Materials and Methods

Chemicals and reagents

Gallic acid monohydrate, sodium carbonate, Folin-Ciocalteu phenol Reagent (FCR) (Sigma-
Aldrich) for determination of total phenolic compound quantity. Aluminum chloride;
hydrochloric acid (37%), routine hydrate (Sigma-Aldrich) for determination of total
flavonoids. Ammonium thiocyanate, 2,2'-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid)
diammonium salt (ABTS), 1,1 diphenyl-2-picryl-hydrazole (DPPH), gallic acid
monohydrate, (+) 6- hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), D-
methionine, nitrotetrazolium blue chloride (NBT), potassium persulfate, riboflavin, sodium
phosphate monobasic (NaH2PO4), (+) a-tocopherol (Sigma-Aldrich) for determination of
antioxidant activity. AChE, acetylthiocholine iodide (ATCI), BChE, butyrylthioline iodide
(BTCI), 5,5-dithiobis- (2-nitrobenzoic acid) (DTNB), donepezil, tris hydrochloride (Sigma-
Aldrich) for determination of anticholinesterase activities. Tyrosinase, 3,4-dihydroxy-L-
phenylalanine (L-DOPA), L-tyrosine, a-kojic acid, sodium phosphate monobasic
(NaH2PO4) (Sigma-Aldrich) for determination of antityrosinase activity.

Fetal bovine serum (Biochrom), penicillin/streptomycin (Gibco), eagle's minimal essential
medium (Lonza), polylysine solution (Biochrom), normal boiling point agarose (Lonza),
dimethyl sulfoxide (Amresco), low boiling point agarose, NaOH, phosphate buffer tablet,
NaCl triton X-100, ethylenediamine tetraacetic acid, H20., tris, trypan blue solution,
ethidium bromide (Sigma-Aldrich) for investigation of antigenotoxic effects.
1,3-dicaffeoylquinic acid, 4,5-dicaffeoylquinic acid, 7-acetyl sideroxol, apigenin, caffeic
acid, catechin, chlorogenic acid, cyanidin-3-O-glucoside, emodin, (-)-epicatechin,
epigallocatechin, epigallocatechin gallate, eubotriol, fumaric acid, gallic acid, isoquercetin,
kaempferol, luteolin, luteolin-5-O-glu, luteolin-7-O-glu, pelargonin chloride, punicalagin,
procyanidin B2, pyrogallol, quercetin, quercetin-3-O-arabinoside, quercitrin, ursolic acid,
vannilin, p-hydoxybenzoic acid, t-ferulic acid were purchased from Sigma-Aldrich for

determination of phenolic compound via LC-MS/MS.
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Plant materials

The pseudo-fruits, seeds, and roots of R. pimpinellifolia were collected from Erzurum Kosk
village in August 2013 (1900 m) and identified by Ufuk Ozgen. The voucher specimen (ATA
9876) has been deposited in the herbarium of the Faculty of Sciences, Atatiirk University,
Erzurum, Turkey.

Preparation of the extracts

20 g pseudo-fruits, seeds, and roots of the plant were extracted separately with 300 mL
methanol, ethyl acetate, and water for 12 h at 25°C. The solvents were removed under
vacuum.

Determination of the total phenolic content

The Folin-Ciocalteau method, modified by Singleton and Rossi, was used to determine the
total phenol content [52-54]. The plant extract was dissolved in distilled water to 1000
pg/mL. Then, 1000 puL of each sample was taken and distilled water was added to 23 mL.
After completion, 0.5 mL of Folin-Ciocalteau reagent and after 3 min 1.5 mL of 2% Na,CO3
solution were added. After the mixture was stirred for 2 hrs on a magnetic stirrer at room
temperature, the absorbances were read on a spectrophotometer against the blindly used
distilled water at a wavelength of 765 nm. On the other hand, gallic acid dilutions were
prepared at concentrations of 100, 200, 400, and 600 ug/mL to create the calibration curve,
and gallic acid dilutions were added to the sample and other solutions were added exactly.
The method is based on electron transfer from phenolic compounds to molybdenum in an
alkaline environment. The reduced molybdenum turns into a blue complex, which can be
measured spectrometrically at a wavelength of 760 nm.

Determination of the total flavonoid determination

The total flavonoid amounts of the plant samples were determined according to the method
developed by Lar'kina et al 2009 and were calculated as rutin equivalent (RE) [55]. For this
purpose, 30 mL of 70% ethanol was added to the 1 g powdered drug of both parts of the plant
and heated at 60 °C for 1 hr under reflux. The process was repeated three times. The extracts
were filtered into a 100 mL graduated flask and the volumes were made up to 100 mL with

ethanol (solution A).
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Sample solution: 2 mL of solution A, 4 mL of 10% ethanolic AICIs and 0.1 mL of dilute HCI
were placed in a flask and the volume was completed to 50 mL with 95% ethanol.
Absorbances were measured against reference solutions at 410 nm after 20 min.
Reference solution: 2 mL of solution A and 0.1 mL of dilute HCI was placed in a flask and
the volume was made up to 50 mL with 95% ethanol.
Rutin sample solution: 0.05 g routinely weighed and placed in a volumetric flask. 10 mL of
95% ethanol was added and dissolved by heating in an 80 °C water bath. After complete
dissolution, the volume was made up to 50 mL with 95% ethanol (solution A).
Rutin test solution: 1 mL of solution A was taken into a volumetric flask, 4 mL of 10% AICIs
solution was added and the volume was completed to 50 mL with 95% ethanol. Absorbance
at 410 nm was measured. The levels of total flavonoid contents in extracts were determined
in triplicates and the averages were taken. Calculations were made according to the following
equation.
X=[D (Sample)xM (Rutin)/ D (Rutin)xM (Material)] x100

D (Sample): Absorbance of the sample solution
D (Rutin): Absorbance of rutin test solution
M (Material): Weight of raw material (g)
M (Rutin): Weight of the rutin (g)
X: Total amount of flavonoids calculated over rutin (%)
Evaluation of the antioxidant capacity
DPPH radical scavenging assay
The free radical scavenging activity of the extract was established by DPPH assay according
to the method developed by Marsden S. Blois [56]. The extracts were prepared in
concentrations of 10, 50, 250, 500, and 1000 pg/mL and the DPPH stock solution at a
concentration of 1 mM and dissolved in ethanol. 210 pL of stock solution and 70 uL. of DPPH
solution were added from each sample. The samples were shaken for approximately 1 min
and stored at 37 °C in the dark for 30 min. At the end of the period, the absorbances of the
samples were read in a spectrophotometer against Ethanol used blindly at 517 nm
wavelength. For the control sample, 210 pL of Ethanol and 70 pL of DPPH solution were

used, and tocopherol was used as the standard antioxidant. The % inhibition of the samples
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against DPPH free radical was calculated according to the formula given below and
tocopherol was used as a reference.

DPPH radical scavenging capacity (%) = [(A1 - A2) / A1] x 100

A1 = absorbance value of control sample containing DPPH and Ethanol

A = absorbance value found after sample addition to DPPH solution

ABTS radical cation decolorization assay

ABTS cation radical scavenging capacity was determined according to the method made by
Re et al [57]. Firstly, 2 mM ABTS solution was prepared. ABTS ¢« was obtained by adding
2.45 mM potassium persulfate solution to this solution in a ratio of 1:1. The extracts were
transferred to the wells with 140 pL of stock solutions at concentrations of 10, 50, 250, 500,
and 1000 ug/mL, and 100 pL of the ABTS * solution and shaken for 1 min. 140 uL of ABTS
* solution and 100 pL (0.1 M pH = 7.4) phosphate buffer were used as control samples. The
absorbance value of the control sample at 734 nm should be 0.700 + 0.025. At the end of the
30 min waiting period, the absorbances at 734 nm were recorded against the buffer-formed
blank. Trolox was used as the standard compound. Calculations of ABTS cation radical
radical scavenging capacities in the percent of the extracts and compounds were made
according to the following equation. ABTS « sweeping capacity (%) = [(A1 - A2) / A1] x 100
A1 = Absorbance value of control sample containing only ABTS ¢ and buffer solution

A = absorbance value found after addition of samples to ABTS  solution

Superoxide anion radical scavenging assay

Superoxide anion radical scavenging tests were performed using the method developed by
Zhishen et al [58]. 10, 50, 250, 500, and 1000 ug/mL stock solutions of the extracts and
compounds at different concentrations were prepared. 0.5 mL each of riboflavin (1.33 x 10°
M), methionine (4.46 x 10° M) and NBT (8.15 x 10° M) solutions were added onto 0.5 mL
of sample solution. The resulting reaction mixture was stimulated with 20 W fluorescent light
for 40 min at room temperature. At the end of the period, the absorbance of each sample was
recorded at 560 nm against a water-based blank. Phosphate buffer (0.05 M, pH=7.8) was
used in the control sample instead of the stock solution. The calculations of the superoxide
anion radical scavenging capacities in percent of the samples were made according to the

following equation.
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O¢* sweeping capacity (%) = [(A1 - A2) / A1] x 100

A1 = Absorbance value of the control sample

A> = Absorbance value found after addition of samples

Anticholinesterase activity

AChE inhibitory activity was determined using a modified spectrophotometric Ellman’s
method [59]. The prepared extracts were dissolved in methanol and diluted to concentrations
of 1000, 750, and 500 ug/mL. However, with the solutions to be added to the wells later,
final concentrations will be 100, 75, and 50 pg/mL. 50 pL of tris buffer solution, 125 pL of
3 mM DTNB solution, 25 pL of AChE enzyme solution at a concentration of 0.2 U/mL, and
25 pL of dilutions of the samples prepared at concentrations of 500, 750 and 1000 pg/mL
were added to the wells. The resulting mixture was allowed to incubate for 15 min at 37 °C.
After the 15 min incubation period, 25 pL of 15 mM ATCI solution was added to each well.
As controls, 25 pL methanol, 125 pL DTNB, 50 uL tris buffer, 25 uL. AChE, and after 15
min 25 uL. ATCI were added again with a micropipette. For the blind, 25 pL of methanol, 75
pL of Tris buffer, 125 pL of DTNB, and 25 pL of AChE were added using a micropipette.
The absorbances of the reaction mixtures were recorded at 412 nm for 20 min with a
microplate reader. Calculations were made using the following formula:

Enzyme inhibition (%) = [(A1 - A2) / A1] x 100

A1 Absorbance value of the control sample

Az: Absorbance value measured in the presence of samples

Antityrosinase activity

The tyrosinase inhibition capacity of the methanol, ethyl acetate, and aqueous extracts of the
root and aqueous extracts of the pseudo-fruits of R. pimpinellifolia were determined
spectrophotometrically with the method modified by Likhitwitayawuid and Sritularak using
L-DOPA as substrate [43, 60]. Dilutions of the methanol extracts were prepared as 10 mg/mL
in concentrations of 25, 50, 100, and 500 pg/mL in %5 DMSO with potassium phosphate
buffer (pH = 6.8). a-Kojic acid (25, 50, 100, and 500 pug/mL) was used for positive control.
The concentrations were determined with ELISA. Absorbances of the samples and the
control were read at a wavelength of 490 nm and the inhibitions of tyrosinase were calculated
according to the formula given. % Inhibition = [[(A-B)-(C-D)]/(A-B)]x 100.
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Antimicrobial activity

The antimicrobial effect of pseudo fruit and root extracts was determined by using Disk
diffusion and micro-dilution methods [40].

Microorganisms

Escherichia coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa from Gram-negative
bacteria; Enterococcus faecalis, Staphylococcus aureus, and S. epidemidis strains from
Gram-positive bacteria were used to determine the antibacterial activity. Candida albicans
and C. tropicalis strains were used to investigate the antifungal activity. Staphylococcus
aureus (ATCC BAA977) and Candida albicans (ATCC 14053) standard strains were studied
in the microdilution method. Oxacillin, standard antibiotic discs; fluconazole, standard
antifungal discs were used to determine the sensitivity of each microbial species tested and
to control.

Disc diffusion assay

Suspensions were prepared according to 0.5 McFarland (108 CFU/uL for bacteria, 106
CFU/uL for yeasts) from bacteria and yeast strains were grown on solid media. Sterile swabs
were dipped into each of the suspensions, mixed by dipping and the suspensions were spread
over the surface of the media with the swab. 15 pL of extracts at 100 mg/mL concentrations
dissolved in DMSO under aseptic conditions were absorbed into sterile discs of 6 mm
diameter. After this process, discs impregnated from the extracts and standard antibiotic discs
were placed in Petri dishes at regular intervals. The Petri dishes in which bacteria were
inoculated were incubated at 37 °C for 24 hrs, and the Petri dishes in which fungi were
inoculated at 37 °C for 48 hrs. At the end of the incubation, the diameters of the inhibition
zones occurring around the discs were measured. The zone diameters of standard antibiotic
discs and only DMSO impregnated discs were used as controls. Only DMSO impregnated
disk was used as a control for yeasts.

Broth dilution assay

MIC (Minimum Inhibitory Concentration) values were used to measure the sensitivity of the
disk diffusion method. This method was made in accordance with the CLS (Clinical and

Laboratory Standards Institute) criteria and Aliyazicioglu et al method [40].
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Anti-genotoxic Activity

Cell culture

Human foreskin fibroblast (BJ) cell line was purchased from American Type Culture
Collection (Manassas, VA, USA). The cells were grown in EMEM supplemented with 10%
FBS, 2 mM glutamine, 1% penicillin, and streptomycin at 37°C.

Determination of H.O. concentration

A total of 2x10° BJ cells were cultured in a T-25 flask. After 24 h, cells were handled with
10-30 uM for 5 min to determine the concentration resulting in DNA damage, but not
toxicity. After incubation, cells were trypsinized and centrifuged for comet assay protocol.
Determination of extract concentration

BJ cells were pre-incubated with various concentrations of R. pimpinellifolia extracts (25-
1000 pg/mL) for 60 min. After that, flasks were washed with PBS, and cells were handled
with 20 uM H20- for 5 min. Then, flasks were washed, trypsinized, and centrifuged for comet
assay protocol.

Cell viability and Comet assay

The determination of the possible protective effect of different extracts of R. pimpinellifolia
on DNA damage induced by hydrogen peroxide (H20.) in BJ cells was carried out using the
comet assay. The alkali protocol of the Comet method, it is aimed to determine chain breaks
at low levels with high sensitivity. The alkaline comet protocol developed by Singh et al.
includes 7 steps: Preparation of microscopic slides, lysis of cells to release DNA, alkaline
treatment (pH>13) to reveal lesions such as chain breakage, electrophoresis under alkaline
conditions (pH>13), neutralization of alkaline conditions, DNA staining and comet imaging,
and comet scoring. For each treatment condition, 100 randomly selected cells from each slide
were evaluated for DNA damage visually using a 40x objective on a fluorescent microscope
(Nikon Eclipse E800, Tokyo, Japan). The selected cells were classified between 0 and 3,
from non-damaged to most damaged, according to tail length. Excessively long tails and
DNA spectra scored 4 were not included. All slides were scored with the following formula
with a maximum damage possibility of 300 [61, 62].

Comet score = (1 x ny) + (2 x n2) + (3 x n3) (n: cell number for every score)
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LC-MS/MS analysis

Preparing standard solutions

Stock solutions of secondary metabolites were prepared in methanol solvent at 100 ppm
concentrations. Before starting the study, methanol-water (v:v, 60:40) solutions at different
concentrations between 5, 2.5, 1, 0.5, 0.25, and 0.1 ppm were prepared from 10 ppm
intermediate stock for each standard compound and prepared in LC-MS / MS. It was kept at
+ 4 °C before being analyzed.

Determination of the phenolic compounds

The extracts were weighed about 3 mg in weight and placed in Eppendorf tubes. 4000 ppm
master stock solutions were prepared in 0.75 mL of methanol solvent. Curcumin was used as
the internal standard (IS), a 100 ppm IS stock solution was prepared in methanol solvent and
added to the injection vial at a concentration of 5 ppm. All samples were kept at + 4°C before
being analyzed. The calibration curve of phenolic compounds was obtained by plotting
working standard solutions with LC-MS/MS data.

Instrumental analysis and chromatographic conditions

Zivak Tandem Gold Triple Quadrupole mass spectrometer (Istanbul, Turkey) device was
used in the analysis. The Synergy Max C18 column (250 x 2 mm i.d, 5 pm particle size) was
used as the chromatography column. The gradient elution steps indicated in Table 1 below
were applied.

Table 1 Gradient elution steps for the detection of secondary metabolites

Minute Mobile Phase A (%) Mobile Phase B (%0)
0.00-1.00 55 45
1.00-20.00 O 100
20.01-23.00 55 40
Mobile phase A > % 0.05 formic acid -HPLC grade water
Mobile phase B : % 0.05 formic acid: methanol
Flow rate : 0.25 mL/min
Injection volume 210 uL
Detector : DAD 280 nm
Column : RP-C18
Column temperature 30 °C
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LC-MS/MS Procedure

Zivak Tandem Gold Triple Quadrupole mass spectrometer device was used in the analysis
of the samples. During optimization experiments, the best mobile phase composition was
determined after satisfactory results were obtained with high ionization abundance and peaks
were separated successfully. Optimum electrospray ionization (ESI) parameters were used:
CID gas pressure 2.0 mTorr, 4000 V ESI needle voltage, 600 V spray protection voltage, 300
°C drying gas temperature, 55 psi nebulizer gas pressure, and 35 psi drying gas pressure. The
measurement method was established by determining the LC-MS/MS characteristics of
standard compounds.

Results

Total flavonoid contents of the extracts
The total flavonoid contents of the root and pseudo-fruits of the R. pimpinellifolia were

calculated as % of the rutin (mg RE/dry drug) and the results are given in Table 2.

Table 2 Total flavonoid contents of the extracts

Root  Pseudo-fruit
Total Flavonoid Amounts Calculated Over Rutin (%0) 012 021

Total phenolic contents of the extracts

Total phenolic contents of the various extracts of R. pimpinellifolia plant were determined as
gallic acid equivalents. As shown in Table 3, the phenolic contents of the extracts are higher
than flavonoid contents. Among the extracts of R. pimpinellifolia, the EAR has the highest
total phenolic content (378.2 + 0.477 ug GAE/mg extract).

Antioxidant activities

The DPPH radical scavenging activity

The DPPH radical scavenging capacities of R. pimpinellifolia extracts and the standard
antioxidant compound a-tocopherol at a concentration of 10 pg/mL are shown in % inhibition

in Table 3.
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ABTS* cation radical scavenging capacity

The ABTS radical scavenging capacities of R. pimpinellifolia extracts and the standard
antioxidant compound trolox at a concentration of 10 pg/mL are shown in % inhibition in
Table 3.

Superoxide anion radical scavenging capacity

Superoxide Anion radical scavenging capacities of R. pimpinellifolia extracts and the
standard antioxidant compound Trolox at a concentration of 10 pg/mL are shown in %
inhibition in Table 3.

Table 3 Total phenolic contents and antioxidant activities of R. pimpinellifolia various extracts at 10
pg/mL
Samples* Total Phenolic DPPH Radical ABTS*®  Cation Superoxide

Compound Scavenging Radical Anion  Radical
(ng GAE/mg Activity Scavenging Scavenging
extract) Capacity Capacity

MR 236.36 £ 0.4 30.9 57.9 21.9

EAR 3782 +0.4 39.7 91.2 39.5

WR 237.087 £ 0.1 15.6 40.2 25.2

WPF 195.6 £0.2 30.4 32.9 31.2

MS 224,12 +£0.2 11.1 56.7 21.1

EAS 305.39+0.5 21.2 39.1 30.0

a- 12.5

tocopherol

trolox 68.4 16.3

(*MR: methanol extract of R. pimpinellifolia root, EAR: ethyl acetate extract of R. pimpinellifolia root, WR:
water extract of R. pimpinellifolia root, WPF: water extract of R. pimpinellifolia pseudo-fruit, MS: methanol
extract of R. pimpinellifolia seed, EAS: ethyl acetate extract of R. pimpinellifolia seed)

Anticholinesterase activity

The AChE inhibitory activities of the extracts of R. pimpinellifolia and the standard donepezil
at a concentration of 100 pug/mL are shown in % inhibition in Table 4. The extracts of R.
pimpinellifolia did not show anticholinesterase activity against AChE but showed BChE with
19% inhibition at 100 pg/mL concentration.

Antityrosinase activity

The a-Kojic acid used as a standard antioxidant shows 92.7% inhibition at 500 pg/mL. the
concentration range to be studied has been determined as 25-500 pg/mL. The % inhibition

values of the extracts and a-Kojic acid in each dose range are shown in Table 4.

492



Table 4 BChE and tyrosinase inhibitory activities of R. pimpinellifolia extracts

BChE % Inhibition Tyrosinase % Inhibition
(100 pg/mL) (500 pg/mL)

MR 14 61.5

EAR 19 50

WR 0 37.7

WPF 9 37.9

MS 16 31.9

EAS 18 32.9

Donepezil 97

a-Kojic acid 92.7

Antimicrobial activity

Extracts of the root, pseudo-fruits, and seeds of R. pimpinellifolia plant made by disc
diffusion method were found to be effective against Staphylococcus aureus and Candida
albicans in the determination of antimicrobial activity. On the other hand, it was found to be
ineffective against bacteria and yeasts such as Escherichia coli, Enterococcus faecalis,
Candida tropicalis, Pseudomonas aeruginosa, Klebsiella pneumoniae, Staphylococcus
epidermidis.

The MIC (Minimum Inhibitory Concentration) values in the Microdilution method used to
measure the sensitivity in the disk diffusion method were compared with the disk diffusion
method. The results of both experiments confirm each other.

The results of the Microdilution and Disk diffusion method applied to determine the
antimicrobial activity of the extracts are shown in Table 5.

Table 5 Antimicrobial activity (MIC values and zones of inhibition) of extracts of R. pimpinellifolia
plant against bacteria and yeast species

MIC (pug/mL) MR EAR WR WPF  MS EAS  Standar Negative Positive
and Zone d Drog  Control Control
Inhibition (ug/mL (DMSO) Standard
(mm), values ) antibiotic
disc pg/mL
S. aureus 1000 1000 1000 1000 >1000 1000 - 0.25
(ATCC 7 11 10 8 8 11 (OKS)
BAA977)
C. albicans 250 500 250 250 1000 1000 - 1
(ATCC 20 18 17 15 20 20 (FLU)
14053)

NT: Not tested, OKS: Oxacillin, FLU: Fluconazole
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Antigenotoxic Activities

In this study, visual analysis and Comet analysis were performed to reveal the DNA damage
created in fibroblast cells with H2O, at a concentration range of 10-30 uM. Comet scoring
was made using the scale with 0 for no damage and 3 for the greatest damage. Since the
highest comet score according to this scale can be 300 and 20 uM H20, exhibiting the closest
Comet score to this value was determined as the optimum damaging concentration in the next
trials. (Table 6, 7)

Table 6 Comet scores (n=3) versus HO, given to fibroblast cells at increasing concentrations

H20. Concentration Comet Score
10 uM H;0> 185.7+£9.1

20 uM H20> 300+5

30 uM H20O» 300+

Table 7 Comet scores (n = 4) showing the potential of different extracts of R. pimpinellifolia to inhibit
H>0,-induced DNA damage

25 50 100 250 500 1000
pg/mL  pg/ml  pg/ml  pg/ml  pg/ml  pg/mL
Negative Control 24.242.3
Positive Control

(20 M H07) SO0

WPF—DMSO 300 300 300 300 300 300+
MPF—DMSO 300 300 300 300 300 300+
WPF— water 300 300 300 300 300 300+
MR—DMSO 300 300 300 300 300 300+

LC-MS/MS analysis

Validation of experiments and uncertainty evaluation

The validation parameters were determined to be LOD (limit of detection), LOQ (limit of
quantification), linearity, recovery, and repeatability. The LOD and LOQ values of standards
for the LC-MS/MS method are given in Table 8. LOD and LOQ were determined by using
the signal-to-noise method. A signal-to-noise ratio of three was accepted for estimation of
LOD and signal-to-noise ratio of 10 was used for estimation of LOQ [63]. The repeatability
in the intra-day (RSD%) values phenolics ranged between 0.1 — 5 mg/kg were obtained using
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the corresponding peak area of 3 replicate analyses at approximately 2.5 mg/kg concentration

level.
Table 8 Method validation and uncertainty parameters for phenolic compounds
Linear
Compounds regression R? LOD LOQ RSD
equation (mg/L) (mg/L) (%)
1  7-acetylsideroxol y=0.105x+0.0224 0.9834  0.46 1.55 5.61
2 Apigenin y=0.182x+0.072  0.9940  0.15 0.50 4.01
3  Catechin y=0.067x+0.035 0.9941  0.06 0.21 6.49
4  Chlorogenic acid y=0.262x-0.004  0.9981 0.44 1.48 5.45
Cyanidin-3-O-
5 glucoside y=0.35x+0.01 0.9912  0.09 0.29 1.37
6 Emodin y=0.15x+0.09 0.9806  0.58 1.95 2.46
7 Epigallocatechin  y=0.034x+0.022 0.9876  0.04 0.13 5.53
Epigallocatechin
8 gallate y=0.1175x-0.007 0.9957  0.09 0.32 4.79
9 Eubotriol y=0.13x+0.09 09931 0.31 1.03 3.33
10 Fumaric acid y=0.056x+0.015 0.9944  0.07 0.23 5.44
11 Gallic acid y=0.040x-0.020 0.9986  0.54 1.82 7.23
12 Isoquercetin y=0.323x+0.054 0.9974  0.56 1.87 9.42
Pelargonin
13 chloride y=0.189x+0.0041 0.9928  0.17 0.56 4.45
14 Procyanidin B2  y=0.049x+0.0067 0.9902  0.09 0.31 10.36
15 Pyrogallol y=0.039x+0.014 0.9875  0.04 0.15 5.47
16 Quercetin y=0.115x+0.027 0.9901  0.303 1.01 1.14
Quercetin-3-
17 arabinoside y=0.33x+0.04 0.9958 0.56 1.87 9.42
18 Quercitrin y=0.02x-0.004 0.9976  0.02 0.06 4.28
19 Ursolic acid y=0.015x+0.0044 0.9948  0.07 0.23 3.04

The concentration of each analyte was within the linear range and the concentration of the
reported method was obtained from the calibration curve. In conclusion, the calculated

concentrations were converted to ug/g of the crude extract sample, by using Equation (X)
(X)

Where Ca is the analyte concentration obtained by calibration curve (in mg/kg), V is the final

Amount (n/g)= (W)

m/1000
diluted volume (in grams) before the analysis, m is the amount of the extract (in milligrams),

F is the dilution factor, 1000 is the conversion factor. LC-MS/MS parameters of selected

compounds were shown in Table 9.
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Table 9 LC-MS/MS parameters of selected compounds

Parent Daughter Collision energy ESI

Compounds ion ion Capillary V) mode
r-acetyl 3854 325 100 20 Positive
sideroxol

Apigenin 269 151 100 22 Negative
Catechin 289 245 50 15 Negative
Chlorogenic acid 353 191 80 14 Negative
Cyanidin-3-0- g 287 90 19 Positive
glucoside

Emodin 268.9 224.3 100 30 Negative
Epigallocatechin 305 125 80 18 Negative
Epigallocatechin - 169 100 14 Negative
gallate

Eubotriol 343 343 100 20 Positive
Fumaric acid 115 71 80 8 Negative
Gallic acid 168.6 124 50 13 Negative
Isoquercetin 463.3 300 90 25 Negative
Pelargonin 595 271 80 30 Positive
chloride

Procyanidin B2  577.4 288.5 80 20 Negative
Pyrogallol 125 80 100 16 Negative
Quercetin 301 178,5 120 16 Negative
Quercetin-3- 4633 300 80 21 Negative
arabinoside

Quercitrin 471.9 309.9 60 16 Positive
Ursolic acid 455.6 455.1 50 10 Negative

The EURACHEM/CITAC guide was used for the evaluation of sources and quantification
of uncertainty of the LC-MS/MS method [64]. The maximum contribution comes from the
calibration curve. Detailed procedures of uncertainty evaluation were reported previously in
the literature [65]. To obtain expanded uncertainty, combined standard measurement
uncertainty has to be multiplied by 2 (coverage factor) at 95% confidence level. The
expanded relative uncertainties for all the compounds in each plant sample are given in Table
8. In LC/MS/MS analysis, Cyanidin-3-O-Glucoside and isoquercetin in the pseudo-fruit;
procyanidin B2 and catechin in the root were the major phenolic compounds. The results of
the chemical compounds were given in Table 10.
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Table 10 LC-MS/MS Quantitative Analysis Results of Secondary Metabolites (ng/g)

Compounds Pseudo-fruit Root
7-acetylsideroxol 18,80+3,65 83,60+16,25
Apigenin 37,39+3,67 41,11+4,03
Catechin 48,77+5,71 2211,13+£258,77
Cyanidin-3-O-Glu 2102,35+232,57 -

Emodin 38,21+8,29 44,33+9.62
Epigallocatechin - 1196,35+133,88
Epigallocatechin Gallate - 78,75+7,09
Eubotriol - 202,60+21,93
Fumaric acid 368,22+34,14 85,06+7,89
Gallic acid 64,92+10,36 63,04+10,06
Isogquercetin 1096,88+317,66 -

Pelargonin Chloride 8,579+0,24 88,79+2,51
Procyanidin B2 382,63+60,93 5401,88+860,26
Pyrogallol - -

Quercetin 72,57£11,59 -
Quercetin-3-Arabinoside  188,28+54,32 -

Quercitrin 85,38+6,08 -

Ursolic acid 204,54+18,37 -

Amounts of the samples in ug of secondary compounds per g extract with the expanded (k = 2) uncertainty
Discussion

Numerous studies have been carried out on the fruits of the Rosa species [66,10,67].
However, in this study, no biological activity studies were conducted on the roots of R.
pimpinellifolia. Therefore, it can be said that this study is original. Previously, anti-
inflammatory and anticancer studies have been conducted on different Rosa roots, and it has
been observed that the roots are effective in these studies [68, 69].

Previously, total phenolic contents of R. spinosissima, R. canina, and R. rugosa fruits were
examined. It has been reported that R. spinosissima has the highest total phenolic content and
antioxidant activity [70].

In our study, we determined that the roots and fruits were not rich in flavonoids. There are
mostly made of catechic and triterpene substances [71].

Antioxidant activities of Rosa species’s fruits and roots are high [72]. It was reported that
methanol extract of R. davurica roots showed strong antioxidant activity in DPPH radical
scavenging activity assay [73]. The relationship between the rich polyphenol content and

antioxidant mechanisms in R. canina was investigated, and good antioxidant activity was
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demonstrated by H.O> and superoxide anion radical scavenging activity experiments at all
concentrations [74].

In our study, we found that R. pimpinellifolia roots and fruits did not have cholinesterase
activity. In another study, it was reported that R. canina fruits are also inactive [75].

In our study, it was observed that the roots and fruits of R. pimpinellifolia had moderate
antityrosinase activity. Tyrosinase enzyme inhibition values in R. pimpinellifolia extracts
were the highest at 500 pg/mL. 37.7% in root water extract; 50% in root ethyl acetate extract,
61.5% in root methanol extract, 37.9% in pseudo-fruit extract. At a concentration of 500
ng/mL, a-Kojic acid Showed an inhibition of 90%. Inhibitory activity on tyrosinase enzyme
at 500 ug/mL. Natural compounds such as kojic acid, arbutin are preferred than chemical
substances such as hydroquinone and azelaic acid because they have no inflammatory effects
on the skin. Results have shown that R. pimpinellifolia extracts can be used as an alternative
in the therapy treatment of hyperpigmentation and may be involved in the formulations of
cosmetic products used for hyperpigmentation. In our previous study, the antityrosinase
activity of R. pimpinellifolia petals was shown to be promising [76]

In our study, a weak antimicrobial activity of Rosa roots and fruits against bacteria and fungi
was determined. In certain studies, R. rugosa root extracts were found to exhibit
antimicrobial activity against S. epidermidis, S. aureus, B. subtilis, Micrococcus luteus, E.
coli, Klebsiella pneumoniae, Ps. aeruginosa, Proteus mirabilis, and Candida albicans [77].
Furthermore, in another study, the activity of alcohol and aqueous extracts of R. damascena
was determined against 10 pathogenic microorganisms (S. aureus ATCC 25923, Ps.
aeruginosa ATCC 27853, E. coli ATCC 25922, S. pneumoniae ATCC 55143, Acinetobacter
calcaoceuticus, Salmonella enteritidis and Aspergillus niger ATCC 1640) MIC, MBC and
inhibition area diameter were determined by in vitro disc diffusion and microdilution method.
While hexane extracts showed very low activity against the microorganisms, it was stated
that the aqueous extract inhibited the growth of Gram (+) and Gram (-) bacteria, as well as
A. niger. With regards to its ethanol extract, it showed antibacterial activity against P.
aeruginosa ATCC 27853 bacteria (MIC and MBC 62.5 pg/mL, DIZ =34 mm), E. coli ATCC
25922 bacteria (MIC and MBC 62.5 pg/mL, DIZ = 30 mm) according to some studies was
reported [78].
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According to our results, it was observed that 4 different extracts did not show antigenotoxic
effect in the concentration range of 25-500 pg/mL, while extracts at a concentration of 1000
ug/mL showed toxic effects and increased the existing damage. In further studies, we believe
that R. pimpinellifolia extracts to be prepared using different solvent and extraction
techniques should be studied both in different treatment types (simultaneous or post) and
different cell types. With this study, antigenotoxic data were obtained for the first time in
Rosa roots and fruits.

In an LC/MS/MS study, it was reported that Catechin, epicatechin, quercetin-3-glucoside,
protocatechuic acid, chlorogenic acid, quercetin, rutin, fumaric acid, and gallic acid are major
phenolic compounds in R. pimpinellifolia fruits.

In other studies, it has been reported that catechin [68, 79], Cyanidin-3-O-Glucoside [80],
and procyanidin [81], are present in different Rosa species. In this study, phenolic compounds

in R. pimpinellifolia roots were first elucidated by LC/MS/MS analysis.
Conclusion

With this study, a start was provided for the studies on the biological activity studies and
chemical content of R. pimpinellifolia root, pseudo-fruits, and seeds in the literature. By
investigating their possible antioxidant, antityrosinase, anticholinesterase, antimicrobial,
anti-genotoxic, and anti-cancer properties and determining the chemical content of R.
pimpinellifolia root, pseudo-fruit, and seed and the deficiency of work in the scientific world
was eliminated. Determination of medicinal properties of R. pimpinellifolia, production of
active substances with biological properties, and application of these substances in the
pharmacological field will provide meaningful support. In future studies, in vitro and in vivo
studies of active ingredients to be obtained by plant isolation should be carried out.
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