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Abstract: It is important to search for new sources of bioactive, natural compounds, because customers
are paying more attention to food quality. Fruits and berries from horticultural plants are known to
be good sources of agents beneficial for human well-being and could serve as natural preservatives in
the food industry. However, more recent research indicates that other plant organs can also be rich in
nutrients. Our study focused on characterizing an unexplored source, namely leaf and twig extracts
from Rosa canina. The chemical composition of these extracts was analyzed and their in vitro activity
measured. HPLC analysis of the content of phenolics, vitamins and amino acids revealed that the leaf
and twig extracts were found to be rich in bioactive compounds with potent antioxidant properties.
The greatest differences between bioactive phenolic compounds in leaf and twig extracts related
mainly to p-coumaric acid, myricetin, ellagic acid, cyanidin, procyanidin and quercetin, whereas
salicylic acid levels were similar in both types of extract. Interactions with human serum albumin
were investigated, and some conformational changes in protein structure were observed. Further
analysis (lipid peroxidation, protein carbonylation, thiol group oxidation, DPPH inhibition and ROS
inhibition) confirmed that both leaf and twig extracts exhibited antioxidant and antiradical scavenging
activities. Cytotoxicity and hemotoxicity assays confirmed very low toxicity of the extracts towards
human cells over the range of concentrations tested. Our results indicate that both extracts could
serve as non-toxic sources of bioactive compounds with antiradical properties.

Keywords: plant extract; Rosa canina L.; natural products identification; nutrients; polyphenols;
vitamins; amino acids; cytotoxicity; antiradical activity
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1. Introduction

The relationship between balanced diet and human health is well documented [1,2]. Moreover,
knowledge of the beneficial effect of a diet enriched in fruits, vegetables, herbs and wild plants as
rich sources of natural compounds with anti-oxidative, anti-inflammatory, anti-bacterial, anti-diabetic
and anticancer properties is generally accessible [3-7]. For most people, the everyday diet comprises
highly transformed and manufactured food products that are rather poor in many vitamins, minerals
and other compounds beneficial for health. On the other hand, today’s consumables markets offer
products from new food categories called “functional food”. These products are enriched in compounds
originating from the plants which have been used for thousands of years due to their favorable effect
on health. However, the organs of these plants that have been available for years are now being used
for technological processes, whereas other organs from them could be more interesting sources of
beneficial compounds and more valuable for human consumption.

Rosa canina L. belongs to the Rosaceae family, which contains more than 100 species and grows mostly
in Europe, Asia, North America, Africa and the Middle-East [8]. R. canina pseudo-fruits (hips) are the
best characterized organ of this plant. The hips are used worldwide as an antioxidant, anti-inflammatory,
immunosuppressive, cardioprotective, gastroprotective and antimicrobial agent [9,10]. Nowadays,
hip extracts are commonly used in the cosmetic and food industries [11,12].

Many publications indicate that rose hips contain large amounts of vitamins A, B, C, D and E,
minerals, carotenoids and phenolic compounds [10,13-17]. They also contain fruit acids, pectin, sugars,
organic acids, amino acids and essential oils [18]. Vitamin C and phenolic compounds are well known
for their antioxidant properties [7,8,14,19,20]. R. canina hips contain the highest level of the L-isomer of
vitamin C among fruits and vegetables [21,22]. The ascorbic acid content of rose hips ranges from 300
to 4000 mg/100 g, the variation resulting from changes in sugar levels during ripening [16].

Vitamin E is another strong antioxidant. The human diet should include components rich in
tocopherols. The lipid-soluble vitamin E is necessary for different antioxidant functions in human cells,
especially in cell membranes and plasma lipoproteins. It helps to prevent the propagation of oxidative
chain reactions by scavenging many reactive oxygen species (ROS) and it could be implicated in the
prevention of atherosclerosis and cancer. Epidemiological investigations have revealed a positive
correlation between tocopherol intake and a reduced risk for cardiovascular diseases [14,19].

Phenolic compounds confer the unique flavors and health-promoting properties of vegetables and
fruits [23]. Colored rose fruits are good sources of phenolic compounds including tannins, flavonoids,
phenolic acids, anthocyanins and dihydrochalcones [24]. These compounds have a wide spectrum of
biochemical activities such as antioxidant, antimutagenic, anticarcinogenic effects and can alter gene
expression [25]. Flavonoids and phenolic acids have diverse positive biological activities, making
them the most important groups of secondary plant metabolites and natural bioactive compounds for
humans [26].

HPLC analysis has shown R. canina hips extract to be especially rich in the polyphenols hyperoside,
astragalin, rutin, (+)-catechin and (—)-epicatechin, gallic acid and poly-hydroxylated organic acids
such as quinic acid [27,28]. The phenolic compounds (+)-catechin, (—)-epicatechin, rutin, vanillin,
astragalin, phloridzin and gallic acid, identified in hips extract, have been reported as strong scavengers
of the “(ROO.) radical [29]. Several other polyphenols potentially beneficial for humans such as ellagic
acid, salicylic acid, vanillic acid, ferulic acid and caffeic acid have been identified in trace amounts in
R. canina hip extracts [30,31].

Food products containing R. canina compounds are derived from the hips [32]. The leaves and stems
from the roses are usually discarded as trash. However, increasing numbers of publications confirm that
R. canina leaves could be a valuable source of flavonoids, especially flavone glycosides [33-35]. A few
recent studies have indicated that stems from R. canina are also a good source of polyphenols [36,37].
Ouerghemmi et al. showed that stem extracts from different Rosa species could be used in the food,
cosmetic and pharmaceutical industries as a source of phenolic compounds [36].
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The aim of our study was to determine the biological properties of extracts of Rosa canina twigs
and leaves. First, we focused on identifying compounds such as phenolics, amino acids and vitamins
in the extracts. Secondly, we assessed the antioxidant and antiradical properties of these extracts.
Additionally, the interaction of the extract components with human serum albumin was tested by
circular dichroism, and the hemotoxicity and cytotoxicity of the extracts were determined.

2. Materials and Methods

2.1. Chemicals

Chlorogenic acid, quercetin, (+)catechin, acetonitrile, isopropanol, human serum albumin,
2,4-dinitro-phenylhydrazine (DNPH), 5,5’-dithiobis(2-nitrobenzic acid)/Ellman reagent, 2,2’-diphenyl-
1-picrylhydrazyl (DPPH), fetal bovine serum, penicillin/streptomycin and resazurin sodium salt were
purchased from Merck, Darmstadt, Germany. Phosphate buffer saline, sodium dodecyl sulphate
(SDS), DMEM cell culture medium and 2’,7’-dichlorodihydrofluorescein diacetate (H,DCFDA) were
obtained from Thermo Fisher, Waltham, MA, USA. Methanol, ethanol, trichloroacetate acid (TCA) and
2-thiobarbituric acid (TBA) were purchased from POCH, Lublin, Poland.

2.2. Plant Material and Extracts Preparation

The fully developed leaves and twigs of Rosa canina L. were collected from the foothills of the
Trans Ili Alatau Mountains (Almaty region, Kazakhstan) in the early morning in June 2018, in the
middle of the vegetative season. The samples were obtained 1.5-2.0 m from the ground, 5-8 cm from
the branch meristem, from 10-15 year old plants. The plants were identified and voucher specimen
No. 3389 (R. canina L.) was deposited at the herbarium of the Institute of Botany and Phytointroduction
(Almaty, Kazakhstan).

Consent to conduct the research described in this article was not required, because the research
was not carried out in strictly protected areas (reserve, national park) or related to protected species,
which would require the consent of the relevant authorities.

The R. canina leaves and twigs were thoroughly washed with distilled water and dried at room
temperature, then crushed and extracted with 50% ethanol (20 g dry weight/200 mL) for 20 h at
25 + 2 °C on a rotary shaker (110 rpm). After centrifugation (20 min, 34,000 g), the supernatants were
dried in a rotary evaporator at 50 °C. Such high temperature of evaporation was used accordingly to
a standard protocol to remove the water. The pressure was reduced up to 100 hPa. The evaporated
extracts were stored at 4 °C. Before analysis, small amounts (1-2 mg) of dried extracts were carefully
hydrated with 1-2 mL of distilled water using a laboratory shaker. As a result, the extracts were
completely dissolved. Prior to total phenolic content analysis, the obtained aqueous solutions of the
extracts were additionally centrifuged (20 min, 20,000 g) before HPLC analysis supernatants were
filtered through a 45 pm syringe filter (Millipore, Billerica, MA, USA).

2.3. Total Phenolic Content and HPLC Analysis

The total phenolic content was determined using Folin-Ciocalteau reagent according to the Singelton
and Rossi (1965) method [38]. The absorbance of the reaction product was measured at 725 nm, and the
phenolic content was expressed as milligrams per gram of dried extract based on the calibration curve
(r? = 0.9991) prepared for chlorogenic acid. The results are given as means + SD (n = 3).

The flavonoid content was determined by the aluminum chloride colorimetric method according
to Chang et al. (2002) [39]. The absorbance of the reaction mixture was measured at 415 nm, and the
flavonoid content was expressed as milligrams per gram of dried extract based on a calibration curve
(r?> = 0.9995) prepared for quercetin. The results are given as means + SD (1 = 3).

The catechin (flavan-3-ol) content was determined by the vanillin assay method described by
Bakkalbasi et al. (2005) [40]. The absorbance of the reaction mixture was measured at 500 nm,
and the total flavan-3-ol content was calculated from a calibration curve (r> = 0.9988) prepared using
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(+)-catechin and expressed as milligrams per gram of dried extract. The results are given as means + SD
(n=23).

The HPLC system (Summit x2 Dual-Gradient System, Dionex, Sunnyvale, CA, USA) was equipped
with a photodiode-array detector (PDA100 DAD) and fluorescence detector (RF-2000). The phenolic
compounds present in the extracts were separated on an RP column (aQ Hypersil GOLD, 250 x 4.6 mm,
5 um) joined with a guard column (GOLD aQ Drop-In guards, 10 X 4 mm, 5 um, Polygen, Gliwice,
Poland) at 25 °C. The injection volume of analyzed samples was 20 puL. A mobile phase composed of
water (A) and methanol (B), both with 0.1% formic acid, was used. The linear gradient was started
after 2 min of isocratic elution with 5% B, over 30 min to 55% B, followed by 5 min of isocratic elution.
Between 37 and 47 min, the concentration of phase B increased to 70% followed by 5 min of isocratic
elution. Then, between 52 and 54 min, the gradient was returned to the initial 5% B and the column
was recalibrated for the next 3 min. The flow rate was 1 cm® min~!. The absorbance was measured at
253, 280, 325 and 375 nm, and the fluorescence at 420 (excitation 270 nm, emission 420 nm). Phenolic
compounds in the R. canina extracts were identified by comparing the retention times and on-line
UV absorption spectra of the analyzed samples with the respective data obtained from reference
standards. Quantification was based on a calibration curve for standards of phenolic compounds
covering the range 5-200 pg cm~3; the linearity of the calibration curve was verified by the correlation
coefficient (r> > 0.9994). The optimal wavelengths used for the preparation of the calibration curve and
quantification of individual metabolites are given in Table 1.

2.4. Water-Soluble Vitamins and Tocopherol Isomers

A Kapel-105M Lumex (Russia) capillary electrophoresis kit was used to determine the vitamin
composition of the extracts from leaves and twigs. The contents of Bl (thiamine), B2 (riboflavin),
B3 (pantothenic acid) and B5 (nicotinic acid) were determined. The vitamins were detected at 200 nm
and by using programmable wavelength switching. Conditions for separation were as follows: borate
buffer pH = 8.9, temperature 30 °C. The method was based on the extraction of vitamins and separation
and quantification of the components by capillary electrophoresis.

Isomers of vitamin E were identified by HPLC with UV detection. A high-performance Agilent
1200 chromatograph (USA) with a four-channel thermostat pump, a spectrophotometric detector and a
250 x 4.6 mm Zorbax 300SB-C18 column was used. To determine the vitamin E content, the following
conditions were selected: flow rate of the mobile phase = 0.7 mL min~!; column temperature = 35 °C.
The eluent was 42:50:8 acetonitrile:isopropanol:water.

To prepare the samples they were extracted with an 1:1 methanol:water solution, and then proteins
that interfered with the chromatography were precipitated. The samples were then evaporated to
dryness and dissolved in 1 mL of the eluent (42:50:8 acetonitrile:isopropanol:water)

2.5. Amino Acids

A Kapel-105M Lumex capillary electrophoresis system (Russia) was also used to assess the amino
acid composition of the extracts. The electric field separated the charged components of the extracts in
a quartz capillary. A microvolume of the solution to be analyzed (~2 nL) was introduced into a quartz
capillary pre-filled with buffered electrolyte. Then, a high voltage (up to 30 kV) was applied to the
ends of the capillary. The following conditions were used: the total length of the capillary was 75 cm;
the effective length (i.e., the length from the entrance to the detector window) was 65 cm; the operating
voltage applied to the electrodes was +13 kV; the internal diameter of the capillary was 50 um; detection
was at 254 nm; temperature 200 °C; sample injected under 300 mbar pressure; composition of the
working buffer = 5 mM tartaric acid, 2 mM 18-crown-6. Sample preparation consisted of sample
hydrolysis followed by dilution with the buffer solution.
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Table 1. Content of phenolic compounds detected using HPLC technique in dried extracts of R. canina leaves and twigs. RT—retention time. Values presented as
mean + SD from 3 measurements.

Quantification Wavelengths: Content (mg/g) in Dry
No. Phenolic Compounds Synonyms A 235; 280; 325; 375 nm RT Matter of Extract
Em 420 nm (Ex 270 nm) Leaf Twig

1 Gallic acid 3,4,5-Trihydroxybenzoic acid 280 6992 0.805 + 0.075 0.357 £ 0.033
2 p-Benzoquinone Quinone 235 11,642 0.252 + 0.022 0.989 + 0.087
3 a-Resorcylic acid 3,5-Dihydroxybenzoic acid 420 11,841 0.138 + 0.013 0.117 = 0.012
4 Pyrocatechol 1,2-Dihydroxybenzene; Catechol 280 12,283 0.226 + 0.014 0.493 + 0.049
5 Protocatechuic acid 3,4-Dihydroxybenzoic acid 420 12,415 0.153 + 0.015 13.911 + 1.303
6 Neochlorogenic acid trans-5-O-Caffeoylquinic acid 325 12,833 57.148 + 5.031 0.258 + 0.0262
7 (-)-Epigallocatechin Monomeric flavan-3-ol 235 14,992 0.207 £ 0.022 1.680 + 0.076
8 (+)-Catechin Flavan-3-ol; monomeric flavan-3-ol 235 15,308 2.804 + 0.206 17.798 + 1.544
9 4-Hydroxybenzoic acid - 235 15,700 1.182 = 0.111 0.323 + 0.0361
10 Gentisic acid 2,5-Dihydroxybenzoic acid 325 16,267 1.577 + 0.164 0.340 + 0.033
11 Procyanidin B2 (Cg‘zgmfgcgféa;1,0517p§2$2}5$£2§;1§;’3$e) 280 16,500 2473+2019 32220317
12 4-Hydroxybenzaldehyde - 280 16,733 1.111 £ 0.095 0.263 + 0.0277
13 Chlorogenic acid trans-3-O-Caffeoylquinic acid 325 17,417 4.609 + 0.408 0.934 + 0.0955
14 Vanillic acid 4-Hydroxy-3-methoxybenzoic acid 420 18,062 0.102 = 0.014 0.379 = 0.007
15 Caffeic acid trans-3,4-Dihydroxycinnamic acid 325 18,492 0.035 + 0.003 0.203 + 0.021
16 B-Resorcylic acid 2,4-Dihydroxybenzoic acid 420 18,618 0.017 + 0.002 0.015 + 0.001
17 (-)-Epicatechin ( (_)_Cis_;,\;[,‘??;‘;gce rfllti‘}’layréfo)‘(’; favane) 235 18,950 1.822 + 0.115 1.379 + 0.125
18 Syringic acid 4-Hydroxy-3,5-dimethoxybenzoic acid 420 19,420 0.613 + 0.057 0.134 + 0.011
19 1.3-Dicaffeoylquinic acid 1,5-Dicaffeoylquinic acid 325 19,675 0.826 + 0.078 0.189 + 0.019
20 Cyanidin 3,3'4,5,7-Pentahydroxyflavone 280 19,708 47448 + 4461 4453 +0.406

(3,3’ ,4,5,7-pentahydroxyflavylium chloride)
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Quantification Wavelengths: Content (mg/g) in Dry
No. Phenolic Compounds Synonyms A 235; 280; 325; 375 nm RT Matter of Extract
Em 420 nm (Ex 270 nm) Leaf Twig

21 Syringaldehyde 4-Hydroxy-3,5-dimethoxybenzaldehyde 280 20,825 0.402 + 0.007 0.262 + 0.016
22 p-Coumaric acid trans-4-Hydroxycinnamic acid 325 22,567 0.520 + 0.058 0.247 +0.028
23 Ferulic acid 4-Hydroxy-3-methoxy-cinnamic acid 420 23,737 0.439 + 0.041 0.081 + 0.007
24 Coumarin 1,2-Benzopyrone 280 24,600 1.285 + 0.116 0.170 = 0.016
25 Sinapic acid 4-Hydroxy-3,5-dimethoxy-cinnamic acid 420 24,731 0.214 = 0.011 0.140 = 0.014
26 ”””5'3'Hy‘:£?§ydmamic m-Coumaric acid 280 25,067 0.241 + 0.022 0.119 + 0.012
27 L}IDt?glliIlZs_i(Zl;B Glucoluteolin; luteoloside 325 26,133 1.614 + 0.171 1.417 £ 0.118
28 Rutin quercetin-3-O-rutinoside 375 26,765 26.66 + 2.481 4.431 + 0.433
29 Ellagic acid 4455 /’6'6'2',2§f<’21,1_5$1ri’giiepher‘ic acid 235 26,783 35.881 £3346  14.448 + 1451
30 Hesperidin Hesperetin-7-rutinoside 280 27,058 4.013 + 0.303 0.633 = 0.006
31 0-Coumaric acid trans-2-Hydroxycinnamic acid 420 27,483 0.711 = 0.66 0.149 = 0.015
32 Rosmarinic acid (R)_l_Carbjéi];_igf_‘;{)iﬁyyi?g;iﬁei%ethyl ester 420 27,970 4406 + 0.411 1.851 + 0.0182
33 Salicylic acid 2-Hydroxybenzoic acid 420 28,158 0.457 + 0.052 0.474 + 0.045
34 Myricetin (flavonol) 3,3’,4',5,5,7-Hexahydroxyflavone 375 28,308 3.928 + 0.265 7.175 + 0.711
35 Quercetin Flavonol (3,3’ ,4’,5,7-pentahydroxyflavone) 375 32,142 0.156 + 0.016 0.241 + 0.025
36 trans-Cinnamic acid Cinnamic acid 280 32,552 0.167 = 0.017 0.034 + 0.003
37 Naringenin 4’ 5,7-Trihydroxyflavanone 280 33,142 0.461 + 0.037 0.924 + 0.091
38 Luteolin 3,4’ 5,7-Tetrahydroxyflavone 325 33,420 0.911 £ 0.087 0.364 + 0.036
39 Kaempferol 3,4’ 5,7-Tetrahydroxyflavone 375 35,375 0.148 = 0.015 0.167 = 0.017
40 3-Hydroxyflavone Flavonol 235 46,958 0.103 + 0.011 0.128 + 0.006
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2.6. Interaction with Human Serum Albumin: Circular Dichroism

To estimate changes in protein structure upon addition of R. canina extracts, CD spectra were
obtained. CD spectra from 1 pg mL~! human serum albumin (HSA) were checked alone and with
increasing concentrations of leaf and twig extracts. Measurements were made over the 260-195 nm
wavelength range using a 0.5 cm path length Helma quartz cell. The recording parameters were as
follows: scan speed, 50 nm min~1; step resolution, 0.5 nm; response time, 4 s; bandwidth, 1 nm; slit,
auto. The CD spectra were corrected against a baseline with buffer only. The mean residue ellipticity 6
(cm? dmol~!) was calculated using software provided by Jasco.

2.7. Interaction with Biomembranes: Hemolysis Test

The potential to damage cell membranes was investigated using the hemolysis method. Human
blood was collected from a blood bank in Lodz and centrifuged several times with phosphate buffered
saline (PBS), pH 7.4, at 4 °C. After washing, the hematocrit was measured, and the blood samples were
diluted to 2% hematocrit. The leaf and twig extracts of Rosa canina were added at concentrations of
0.5-50 pg/mL and left for 24 h at 37 °C. After this incubation, hemoglobin was measured at A = 540 nm
using a BioTek plate reader, and the hemolysis values were calculated as follows:

H(%) = (Apb 540 nm/Awater 540 nm) X 100%

where App is the absorbance of a tested sample, Ayater means 100% hemolysis (erythrocytes incubated
in distilled water only). Three independent measurements were obtained. The results are presented as
mean + SD.

2.8. Antioxidant and Antiradical Activity: Oxidative Stress Markers

Human plasma was used to determine the antioxidant activity of the extracts.

Fresh human plasma was obtained from healthy, non-smoking volunteers. The blood was collected
in tubes with CPD (citrate/phosphate/dextrose; 9:1 v/v blood/CPD) and next centrifuged. (1411x g,
15 min). The fresh plasma was incubated (60 min, 37 °C) with 0.5-50 pg mL™! leaf and twig extracts and
4.7 mM H,0,/3.8 mM FeSO,4/2.5 mM EDTA. Protein concentration was calculated from the absorbance
at A = 280 nm using the Kalckar formula according to Whitaker and Granum (1980) [41].

Lipid peroxidation products were determined with thiobarbituric acid (TBA) by measuring the
thiobarbituric acid reactive substance (TBARS) concentration. After 60 min incubation of the samples
(plasma, plant extract, HyO,/Fe) at 37 °C, 0.5 mL of 15% trichloroacetic acid (TCA) and 0.5 mL of
thiobarbituric acid (TBA) was added. The samples were vortexed for 1 min and then heated (100 °C,
10 min). The samples were cooled in room temperature and centrifuged (6832x g, 15 min, 18 °C).
The absorbance of the supernatant was measured at A = 535 nm (SPECTROstar Nano Microplate
Reader, BMG LABTECH, Ortenberg, Germany). The TBARS concentration was calculated using the
molar absorption coefficient (¢ = 156,000 M~ cm™1).

Carbonyl Groups. The content of carbonyl groups (CO-)was determined using the colorimetric
DNPH assay. First, 0.75 mL of 10 mM DNPH in 2.5 M HCl was added to the sample precipitates
(plasma with plant extracts, HyO,/Fe). Sample blanks were prepared by adding 1 mL of 2.5 M HCI
without DNPH. Samples were vortexed for 5 min and left at room temperature for 1 h in the dark.
Then, 0.75 mL of 40% TCA was added to the mixture, and the samples were centrifuged at 900x g,
for 5 min. The protein pellets were washed three times with 1.5 mL ethanol:ethyl acetate (1:1, v/v).
Next, the samples were dissolved in 1 mL of 6 M guanidine, and absorbance was measured at
A =375 nm (SPECTROstar Nano Microplate Reader, BMG LABTECH, Germany). The carbonyl group
concentration was calculated using the molar absorption coefficient (e = 22,000 M~! cm™1).

Thiol Groups. The concentration of thiol groups was determined spectrophotometrically with
Ellman reagent. A quantity of 20 uL of the samples (plasma with plant extracts, H,O,/Fe) was mixed
on the plate with 20 uL of 10% SDS and 160 uL of 10 mM phosphate buffer, pH 8.0. Then the 16.6 uL
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of 10 mM of Ellman reagent in 10 mM phosphate buffer was added to the samples. After 60 min
incubation in 37 °C, the absorbance was measured at A = 412 nm (SPECTROstar Nano Microplate
Reader, BMG LABTECH, Germany). The thiol groups concentration was calculated using the molar
absorption coefficient (¢ = 13,600 M~! cm™'). The results were presented as nmol thiol groups mg~!
plasma protein.

Free radical (DPPH) scavenging activity. The free radical scavenging activity of leaf and twig
extracts from R. canina was measured using the DPPH radical (2,2’-diphenyl-1-picrylhydrazyl,
Sigma-Aldrich). DPPH was dissolved in ethanol to a final concentration of 8.3 x 10~ M. The antioxidant
properties were tested at extract concentrations of 0.5-50 pg mL~! and over different incubation times

(after 5, 10, 15, 30 and 45 min). Absorbances were recorded at A = 517 nm. Three independent
repetitions were performed. The results are presented as percentage DPPH inhibition, calculated as

% DPP Hinhibition = 100(A0 - Aav)AO

where A is the absorbance of DPPH solution, and A,y is the average absorbance of samples treated
with the extracts. The results are presented as means + SD.

2.9. Cytotoxicity

The BJ (normal human fibroblast) cell line was purchased from ATCC (UK). The cells were
cultured in DMEM (Gibco) supplemented with 10% fetal bovine serum and 1% streptomycin/penicillin.
They were kept at the standard conditions at the 37 °C in a humidified atmosphere.

The Alamar Blue assay was applied to analyze the plant extracts’ cytotoxicity. The cells were
seeded at 10,000 per well and left overnight to adhere. Next, 0.5-50 pg mL~! R. canina leaf and twig
extracts were added. After 24 h, incubation at the 37 °C resazurin sodium salt was added to the
final concentration of 0.0125%, and the absorbance was measured at A = 595 nm. The viability was
calculated as follows:

% viability = (A/Ac) X 100%.

where A = absorbance of a tested sample, A, = absorbance of the control sample. Three independent
measurements were collected, and the results are presented as means + SD.

2.10. ROS Inhibition in Human BJ Cell Line

The ability to decrease the level of cellular reactive oxygen species (ROS) was tested using BJ
(normal human fibroblast) cells. Cells were seeded at 2 x 10° density and left for 24 h to adhere,
and then treated with 50 pg mL~! leaf or twig extract. After 24 h incubation, the medium was refreshed,
and 80 uM H,0O, was added for 30 min. After this incubation, the cells were washed, and 5 uM
non-fluorescence probe 2’,’7-dichlorodihydrofluorescein diacetate (H,DCFDA) was added to each
sample for 20 min. The cells were washed with PBS, and fluorescence intensity was observed with a
confocal microscope (Leica TCS SP8) (Aexc = 495 nm, Aemy = 527 nm).

2.11. Statistical Analysis

GraphPad Prism 5.0 and Statistica 13.1 were used for statistical analyses. Non-parametric
tests were applied (Mann-Whitney U, non-parametric ANOVA, Kruskall-Wallis test) to estimate the
significance of differences when the number of measurements were 3 (1 = 3). Significance was accepted
when p < 0.05.

2.12. Compliance with Ethical Standards

Blood samples were obtained from the Association of Honorary Blood Donors in Lodz (Central
Blood Bank in Lodz, Poland) from 25 September 2019 to 14 January 2020. To conduct the current study,
the samples were obtained randomly. The blood was collected from healthy volunteers and carefully
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tested before using in the laboratory. All the experiments published in this manuscript complied with
the current laws of the country in which they were performed. The study was approved by the Ethics
Committee of the University of Lodz, Poland (NR19/KBBN-UL/I11/2019). All methods were performed
in accordance with the relevant guidelines and regulations.

3. Results

3.1. Phenolic Content and HPLC Analysis

HPLC analysis identified and quantified 40 phenolic compounds in the leaf and twig extracts
(Table 1). Monomeric and polymeric catechins and gallic acid esters such as epigallocatechin were
found in both extracts. There was more of the monomeric (+)-catechin content in twig extracts, whereas
polymeric procyanidin B2 dominated in leaf extracts. There were high contents of dihydroxybenzoic
and protocatechuic acids in the twig extracts. Both extracts had high ellagic acid contents, but leaves
contained about twice as much as twigs. From the flavonoid group, leaf extracts had more cyanidin
than twig extracts and also contained high levels of neochlorogenic acid.

There was no significant difference in total phenolic compound contents between the extracts
of R. canina leaves and twigs (Figure 1). Flavonoids accounted for about 9.5% and 5.5% of the
phenolic compounds, respectively. However, because AlICl; reacts mainly with flavones, flavonols,
flavanones and flavanonols, the result does not correspond exactly to the total flavonoid content of the
extracts. The total catechin (flavan-3-ol) content of the twig extracts was about twice that of the leaf
extracts. Among the phenolic compounds, catechins constituted about 5.2% and 10% in leaf and twig
extracts, respectively.

Bleaves
Otwigs

200 -

150 A

100 -

(o)}
o
1

B ol

total phenolics flavonoids catechins

Content, [mg/g] in dried extract

Figure 1. Total phenolic compound content in the leaf and twig extracts of R. canina. Values (chlorogenicacid,
quercetin, (+)-catechin, respectively, mg equivalents per gram of dry extract) are means + SD (n = 3).

3.2. Water-Soluble Vitamins and Content of Vitamin E

Table 2A shows the contents of five B vitamins in the leaves and twigs of R. canina. In all tested
samples, the predominant B vitamin was B6 (pyridoxine). The amounts of each vitamin were similar
in both organs of R. canina investigated.
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Table 2. Total content of water soluble vitamins (A) and vitamin E isomers (B) in dry matter of the leaf
and twig extracts from R. canina.

(A) Water Soluble Vitamins

Content (mg/g) in Dry Matter of the Extracts

Leaf Twig
B1 (thiaminechloride) # 1.12 + 0.05 0.77 £ 0.05
B2 (riboflavin) # 0.48 + 0.07 0.51 + 0.06
B3 (pantothenic acid) # 2.10 £ 0.02 2.70 £ 0.12
B5 (nicotinicacid) # 3.30+£0.18 3.10 £ 0.10
B6 (pyridoxine) # 5.70 £ 0.10 6.20 + 0.10
Bc (folic acid) # 0.97 £ 0.11 0.86 = 0.12

(B) Vitamin E Isomers

Isomers Content (mg/g) in Dry Matter of the Extracts

a—tocopherol # 0.54 + 0.07

Leaf B—tocopherol # 0.13 + 0.05
y—tocopherol # 0.18 + 0.03

a—tocopherol 0.31 + 0.05

Twig —tocopherol 0.15 +0.02
y—tocopherol 0.09 + 0.02

#—statistically non-significant, p > 0.05 when leaf vs. twig was compared. n = 3, values presented as mean + SD.
Data presented as mg/g DW.

More tocopherols were found in the leaf than twig extract of R. canina. The concentration of
isomer o was highest in both parts of the plants (Table 2B).

3.3. Amino Acid Content

On the basis of the values presented in Table 3, 13 amino acids were identified in the leaves
and twigs of R. canina, nine of them essential: valine, threonine, methionine, isoleucine, leucine,
phenylalanine, histidine, lysine and arginine. The total content of amino acids was higher in leaves
(6.1487%) than twigs (1.6864%). The highest concentrations were of proline (0.3196%), serine (0.2040%)
and phenylalanine (0.2262%) in the twig extracts, and of proline (1.04994%), valine (0.6046%) and
phenylalanine (0.6045%) in the leaf extracts.

Table 3. The content of amino acids in dried extracts from twigs and leaves of R. canina.

Amino Acids Content (mg/g) in Dry Matter of the Extracts

Leaf Twig
Arginine # 4.979 + 0.009 -
Lysine # 3.378 £ 0.008 1.426 + 0.008
Tyrosine # 3.023 = 0.002 0.713 = 0.023
Phenylalanine # 6.045 + 0.032 2.262 +0.003
Histidine # 0.960 + 0.035 0.565 + 0.005
Leucine + isoleucine# 6.900 = 0.020 1.819 + 0.020
Methionine # 1.494 + 0.041 0.787 + 0.063
Valine # 0.460 + 0.010 0.713 + 0.003
Proline # 10.491 + 0.004 3.196 + 0.040
Threonine # 4.445 + 0.005 1.770 = 0.010
Serine # 4.801 + 0.020 2.040 + 0.053
Alanine # 5.334 + 0.019 1.573 + 0.020
Glycine # 4.801 + 0.001 -
Total content 61.487 16.864

#—statistically non-significant, p > 0.05 when leaf vs. twig was compared. n = 3, values presented as mean + SD.

Data presented as mg/g DW.
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3.4. Interaction with Human Serum Albumin: Circular Dichroism

Changes in the secondary structure of HSA in the presence of R. canina leaf and twig extracts were
checked using circular dichroism. CD spectra for HSA at pH 7.4 were obtained in the absence and
presence of the extracts.

The HSA CD spectrum contained two characteristic negative bands in the far UV at 202 and
220 nm (Figure 2A). As increasing concentrations of the extracts were added, the amount of «-helix
decreased, whereas the amounts of 3-sheet and random coil increased. The leaf extract changed the
albumin structure more markedly than did the twig extract. Percentage values calculated using CDNN
software indicated a decrease in -helical structure from 62.1% to 21.4% for the leaf extract and from
58.9% to 40.7% for the twig extract. The amount of 3-sheet increased from 12.6% to 19.4%, and that of
the random coil from 15.8% to 38.5% and from 17.2% to 24.8% in the leaf and twig extracts, respectively
(Figure 2B).

A B

HSA structure content, [%)]
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5 o B 1:0 62.1 126 15.8
//// 1:0.2 9 )
> 195 ROs 215 225 245 1:05 £ 1:02 60.5 128 16.5
Sl / ~
00 / —1:07 = 1:05 57.9 13.2 17.4
o -15 , 1 Z
'g : £ 107 56.1 135 17.9
—1:1.33 “g
30 — 1:166 g 1:1 52 14.1 19.4
—12 5 1as 47.1 14.7 21.1
—1:3 &
45 S 116 402 15.8 243
R I 318 17.3 289
i .
E— 1:3 214 194 385
—1:0.1
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@, 1 . e
e 1:05 S 1:02 60 129 16.5
) —1:0.7 I
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= —1:1 ‘§ ]
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_45 —1:3 5 1:1.6 44.6 15.1 234
Wavelenght [nm] < L2 421 15.5 243
T 13 40.7 15.7 248

Figure 2. Ellipticity changes (A) and changes in the secondary structure (B) of human serum albumin
at the concentration of 1 umol/L in the presence of varying ratios (1:0.1-1:3) of leaf and twig extracts of
R. canina.

3.5. Hematoxicity and Cytotoxicity

The R. canina leaf and twig extracts were subjected to a hemolysis test. Both proved non-toxic for
human erythrocytes, and the hematoxicity did not exceed 5% even at the highest extracts concentrations
(Figure 3A).
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Figure 3. Hemolysis of human erythrocytes (A) and human fibroblasts viability (B) after 24 h incubation
with the leaf and twig extracts of R. canina. Data are mean + SD (1 = 3). n.s.—not statistically significant,
tested samples vs. non-treated control cells, p > 0.05.

The cytotoxicity of the extracts was tested using human fibroblast BJ cell line (Figure 3B). The results
indicate that the extracts were non-toxic toward these cells. There were no significant differences
between the leaf and twig samples.

3.6. Markers of Oxidative Stress, Free Radical Scavenging and ROS Inhibition

The tested extracts caused statistically significant change in plasma lipid peroxidation for the
highest concentration used (50 g mL™!) (Figure 4A), nor did they affect thiol groups in plasma proteins
treated with H,O,/Fe (Figure 4B). The leaf extract at the highest concentration (50 pg mL™1) and the
twig extract at 10 and 50 pg mL~! inhibited HyO,/Fe-induced protein carbonylation (Figure 4D).

One of the aims of this study was to investigate the dose-dependent antiradical activity of the
investigated extracts that was measured by the DPPH scavenging assay. Results show that both
studied extracts from R. canina exhibited antiradical activity. The differences between the activities of
the extracts were largest at concentrations of 5 and 10 ug/mL (Figure 4C); the leaf extracts caused 26%
and 41% DPPH reduction while the twig extracts caused, respectively, 13% and 36%.

The ability of Rosa canina leaf and twig extracts to decrease the production of ROS in human
fibroblasts was tested using a non-fluorescent HyDCFDA probe, which is converted to a highly
fluorescent 2’,7’-dichlorofluorescein (DCF) upon oxidation by ROS. The decrease in fluorescence
intensity was detected when the extracts were added to the cells. Both extracts protected human

fibroblasts by inhibiting ROS production. The leaf extract had a stronger protective effect than the twig
extract (Figure 4D).
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Figure 4. Effect of the R. canina twig and leaf extracts (0.5-50 pg/mL_l) on HyO,/Fe-induced plasma
lipid peroxidation (A); oxidation of thiol groups (B); percentages of DPPH free radical scavenging (C);
protein carbonylation (D). Confocal microscopy images of BJ cells after 24 h incubation with the
extracts. (E) 1—control; 2—H,0, 80 pmol/L; 3—H,0; + twig extract 50 ug/mL_1 ; 4—H,0, + leaf
extract 50 ug/mL’l. Scale bar = 25 pum. The data are mean + SEM (1 = 3). * p < 0.05 vs. control. Ns—not
statistically significant.

4. Discussion

Many reports describe Rosa canina L. hips as an abundant source of antioxidants [1-4]. Here we
demonstrated that other parts of this plant, the twigs and leaves, can be considered potential sources
of compounds with beneficial properties for humans, including antioxidant activity. It is important
to note, that in our in vitro study we tested the range of concentration of extracts which may be
achieved in human plasma by oral administration [42,43].

HPLC analysis revealed over 40 different phenolic compounds in the R. canina leaves and twigs.
The leaves used in these studies were rich in chlorogenic and neochlorogenic acid (460 mg/100 g DW
and 5714.8 mg/100 g DW), cyanidin and procyanidin B2 (4744.8 mg/100 g DW and 2247.3 mg/100 g DW),
ellagic acid (3588.1 mg/100 g DW), rutin (quercetin-3-O-rutinoside)—2666 mg/100 g DW, rosmarinic acid
(440.6 mg/100 g DW), myricetin (392.8 mg/100 g DW), epicatechin (182.2 mg/100 g DW) and coumarin
(128.5 mg/100 g DW), while the twigs had relatively high levels of ellagic acid (1444.8 mg/100 g DW),
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cyanidin (445.3 mg/100 g DW), myricetin (717.5 mg/100 g DW) and rutin (443.1 mg/100 g DW) and were
rich in protocatechuic acid, catechin and rosmarinic acid (1391.1 mg/100 g DW, 1779.8 mg/100 g DW and
185.1 mg/100 g DW, respectively). The total phenolics in leaf and twig extracts were 22,131 mg/100 g DW
and 22,267 mg/100 g DW, respectively. The total amount of flavanoles in our extracts were
1156.3 mg/100 g DW for leaves and 2000.8 mg/100 g DW for twigs. For the flavonols and flavones,
the values were 2134.9 mg/100 g DW in leaves and 1253.9 mg/100 g DW in twigs.

Cunja et al. investigated the phenolic content in extracts from Rosa sp. [33]. The extract from
Rosa canina was the richest in flavonols, flavanoles and phenolic acids and derivatives (900 mg/100 g FW,
450 mg/100 g FW and 200 mg/100 g FW, respectively). Among the flavonoles, quercetin-3-rhamnside
was the most abundant (261.1 mg/100 g FW). We found quercetin-3-O-rutinoside (rutin) in Rosa canina
leaves in high amounts, whereas Cunja et al. found this compound at 3.7 mg/100 g FW. In the case
of flavanoles, our findings are consistent with values reported by Cunja et al. [33]. They found the
significant amounts of procyanidine dimers (365.5 mg/100 g FW) and catechins (353.4 mg/100 g FW).
In our study, the amounts of cyaniding and procyanidin B2 was also high. Interestingly, we found
(—)epicatechins in leaf extracts (182.2 mg/100 g DW) that were not detected by Cunja’s group [33]. Among
phenolic acids, we confirmed previous results that the most ubiquitous acids in Rosa canina leaf extracts
were chlorogenic and neochlorogenic acids. We found 5714.8 mg/100 g DW of neochlorogenic acid,
whereas 47.3 mg/100 g FW was detected by the Cunja group [33]. Another group found that Rosa canina
extracts from leaves, flowers and fruits were rich in ellagic acids (5611.5-8469.6 ng GAE/g) and
quercetin (4196-5832.7 ug GAE/g) [17]. They claimed that all parts of Rosa canina should be considered
as a source of nutritional and functional components due to the occurrence of appreciable amounts
of phenolic compounds and oils. In turn, Ouerghemmi et al. found low amounts of ellagic acid in
Rosa canina leaf extracts [44]. They also found that the total phenolics constituted 197 pg GAE/mg
of dry extract. They found that catechins, epicatechins and epicatechin gallate were abundant in all
investigated Rosa extracts [44].

The same group investigated the twigs from different Rosa species [36]. They found that the total
flavanole concentration in Rosa canina was 0.22 mg/100 g of dry extract. The total flavonol content
was 1.04 mg/100 g of dry extract. Rutin was found at a concentration of 0.02 mg/100 g of dry weight
and with quercetin-3-O-glucoside, and kaempherol-hexoside—deoxyhexoside constituted the most
abundant compounds in Rosa canina extract. Interestingly, we found (—)epicatechin and epicatechin
gallate at the concentrations 137.9 mg/100 g DW and 168 mg/100 g DW, respectively, whereas the
Ouerghemmi group did not detect these compounds in their study [36].

The vitamin contents of R. canina leaves and twigs are still not well established. It is generally
believed that the strongest contributor to the antioxidant properties of rose hips is the high vitamin C
content. However, the hips from R. canina and R. rugosa are also very rich sources of tocopherols,
which protect lipids against peroxidation [13]. Our study revealed tocopherol isoforms in both organs
examined, though there was more in the leaves than the twigs. Additionally, only two isoforms were
detected in hips, but all isoforms («, 3 and vy tocopherols) were found in R. canina twigs and leaves in
the present study.

The mean total tocopherol contents of hips were reported as 15.9 + 1.7 pmol 100 g~! in raw
R. canina, 31.4 + 3.2 umol 100 g~! in R. canina powder and 8.7 + 1.1 umol 100 g ! in R. canina puree. In the
fleshy parts of rose hips, only «- and y-tocopherol were found, which indicates limited biosynthesis
of d-tocopherol and of tocotrienols during ripening. It is suggested that the y- and é-tocopherols are
converted by the action of y-tocopherol methyltransferase to «- and 3-tocopherol, respectively [45].
Although there is no information about the total tocopherol content in Rosa canina leaves and twigs,
the present study showed the presence of tocopherol isoforms, more in the leaves than in the twigs.
The obtained amounts of tocopherols were 85 mg/100 g DW and 55 mg/100 g DW for leaves and twigs,
respectively. Barros et al. tested Rosa canina hips and petals. They found 79.73 mg/100 g DW and
13.80 mg/100 g DW of tocopherols in ripened hips and petals, respectively [32].
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B vitamins are not only very important in the human diet but are also considered as antioxidants
in plants [46,47]. Some experiments indicate that they accumulate mainly in seeds, but they can also be
found in other parts of plants including leaves and twigs. The tested extracts exhibited relatively low
concentrations of B vitamins, B6 (pyridoxine) being the most abundant (570 mg/100 g DW in leaves and
620 mg/100 g DW in twigs). The lowest concentration was detected for B2 vitamin (48 mg/100 g DW in
leaves and 51 mg/100 g DW in twigs). Igwenyi and Elekwa described Geranium roberatum as a good
plant source of B vitamins. They found B1, B2 and B3 vitamins at concentrations of 288.17 mg/100 g DW,
818.21 mg/100 g DW and 319.13 mg/100 g DW, respectively [48].

Overall, since the leaves and twigs contain tocopherol isoforms and B vitamins, these parts of
the plant can be considered as good sources of antioxidants [13,16,47]. Tocopherols and B vitamins
might be considered as compounds responsible for antioxidant activity. We do not overestimate
their role in antioxidant defense; however, they should be examined as some of many compounds
improving antioxidant potential of leaves and twigs. Some amino acids also protect cells from oxidative
stress, free radicals and heavy metals. Moreover, they mediate the synthesis of molecules such as
glutathione, which is very important for the antioxidative response [49-51]. The total amino acid
content of the extracts from R. canina leaves and twigs was measured in this study. The important
information is that there were more amino acids in the leaf extracts than the twig extracts (6.1 vs. 1.6%,
respectively). Both extracts contained essential amino acids such as lysine, phenylalanine, histidine,
leucine, isoleucine, methionine, valine and threonine. Arginine was found only in the leaf extract,
and tryptophan was detected in neither. The total amino acid content was 61.48 mg g~! DW in the
rose leaf extract and 16.86 mg g~! DW in the twig extract, so the leaves seem a good source of protein.
According to WHO standards, P. indica, P. hirta and E. thymifolia could serve as good sources of protein.
The total amino acid contents were 58.80 mg g~! DW in P. indica, 123.92 mg g~! DW in E. thymifolia
and 225.73 mg g~! DW in P, hirta. The ratios of essential amino acids to total amino acids were 0.57,
0.47 and 0.65, respectively [52]. Although in our study the leaf extract was richer in amino acids,
the ratio of essential to total amino acids was 0.37, whereas in the twig extract it was 0.55. Comparing
the results obtained in our experiments with the literature, the extracts from leaves and twigs may
serve as a source of amino acids, especially twigs, where the higher ratio of essential amino acids
was detected.

We examined the conformational changes in human serum albumin (HSA) during titration with
the extracts. Circular dichroism is useful for checking how compounds interact with protein and affect
the secondary structures. The minima characteristic of o-helices were visible around 202 and 222 nm
in HSA. With increasing concentrations of the extracts, the ellipticity increased.

The extracts changed the «-helix content and increased the amounts of other protein structures
such as 3 helix and random coil. The results suggest that compounds in the extracts can interact
with proteins and cause conformational changes. The leaf extract interacted more strongly with HAS
albumin than did the twig extract. Almost twice as much a-helix was lost when the leaf extract was
used (final content of x-helix was 21.4% for leaf and 40.7% for twig extract). Das at al. reported that
extracts containing flavonoids (quercetin, myricetin, kaempferol) could interact with HSA. Slight
changes in the albumin structure were observed when a 1:20 ratio was used [53]. The changes were
more obvious when the maximum albumin:extract ratio was 1:3. HSA is most abundant protein in the
bloodstream. It is important to investigate the albumin-molecules interaction, which may take place
when they reach the circulation system. The changes in albumin structure may imply that this protein
may be a carrier for compounds from plant extracts.

Extracts from R. canina leaves and twigs can be considered good sources of bioactive agents.
Their antioxidant potential was demonstrated in vitro by several methods. While the antioxidant
properties of rose hips are well documented, there are few reports about such properties in leaf and
twig extracts [1,2,7,16]. We found that the extracts significantly decreased the lipid peroxidation level
when the highest concentration of 50 pg/mL was used; the extracts did not affect thiol group oxidation.
However, both extracts at higher concentrations reduced protein carbonylation significantly.
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The DPPH and the ROS inhibition assays were used to confirm antiradical and antioxidant
activities in the R. canina extracts. Both methods revealed that the leaf and twig extracts were highly
effective. The free radical activity of DPPH was reduced when 5 pg mL ! extracts were used. The data
showed that the extracts almost immediately induced a free radical scavenging effect that was most
pronounced at a 50 pg mL~! concentration. Similar results were obtained when ROS inhibition
was measured, but the leaf extract protected fibroblasts more effectively than did the twig extracts.
The H,DCFDA assay allowed us to evaluate the level of reactive oxygen species generated in the cells.
Upon cleavage of acetate groups by esterases and oxidation, HyDCFDA is converted to a highly
fluorescent dichlorofluorescein (DCF) [54]. According to the literature, leaf extract from R. canina has
one of the highest antioxidant potentials among the Rosaceae family, perhaps because R. canina has the
highest phenolic content of all Rosaceae [35]. Moreover, although the results presented in this paper
were obtained with ethanol extracts not methanol extracts as in other studies, all these results indicate
that ethanol extracts from R. canina could have valuable antiradical properties.

Antioxidant activity has not been so extensively investigated in twig extracts. Nevertheless,
Ouerghemmi et al. [36] tested twig extracts from R. canina, R. sempervirens and R. moschata and
suggested that antioxidant activity could depend on the geographical origin of the plants. Moreover,
the mechanism of extract activity could result from the deactivation of free radial species by hydrogen
atom transfer (HAT). These authors also studied twig ethanol and methanol R. sempervirens and
R. canina extracts and found that R. sempervirens ethanol extracts and R. canina methanol extracts were
more effective than others in the DPPH assay [36].

Plant extracts must be non-toxic towards human cells. Since the extracts and their components
might be intended for internal and topical application, fibroblasts and erythrocytes were chosen
to determine their toxicity. In addition, they represent two types of cells: nuclear (human normal
fibroblasts) and non-nuclear (human erythrocytes). Cell lines and erythrocytes are commonly used
when the cytotoxicity must be evaluated [55-57]. Our studies revealed that the extracts from leaves
and twigs of R. canina had no toxic effects on the human fibroblasts. Moreover, hemotoxicity was very
low; it did not exceed 5% even when the highest concentration (50 j1g mL~!) was used. Early analysis
of cytotoxicity to human fibroblasts showed that an ethanolic R. beggeriana Schrenk extract was more
toxic than the aqueous extract, but both extracts were less toxic to normal than cancer cells [38]. It is
known that plant extracts have anticancer potential [58-60]. Importantly, they are harmless to normal
cells and do not change their metabolism.

We found that the leaf and twig extracts from R. canina did not harm cell membranes, as confirmed
by the hemotoxicity assay. Additionally, they were safe for human fibroblasts cells even in high
concentrations. In order to evaluate more deeply the antioxidant properties of Rosa canina leaf and
twig extracts, in vivo analysis must be performed. It is well know that under in vivo conditions,
polyphenols can cause expression of genes of antioxidant enzymes, but this does not exclude their
direct antiradical effect, especially in the spread of free radical oxidation of lipids, as for example
vitamin E. The in vitro studies confirmed by in vivo experiments will provide more information about
the positive impact of extracts on organisms. However, it should be accentuated that the extracts can
be applied not only internally, but also topically as components of ointments, toothpaste, etc.

Rosa plant extracts are considered potent sources of natural antioxidants. It is important to
investigate new properties of well-known plants. In our study we demonstrated antioxidant and
antiradical profiles of extracts from Rosa canina L. twigs and leaves. Many reports describe rose hips as
a valuable source of antioxidants [1-4]. However, numerous tests have revealed that other parts of the
plant, such as twigs and leaves, can also be considered potential sources of beneficial compounds.

5. Conclusions

In our study, we investigated extracts from Rosa canina leaves and twigs. In general, twig extract
was richer in catechins and leaf extract in neochlorogenic acid and ellagic acid. Similar levels of phenolic
compounds were found in both. Five B vitamins and three tocopherol isoforms were also found.
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Additionally, essential and non-essential amino acids were detected. Circular dichroism revealed
that leaf extract interacted more strongly with human serum albumin than twig extract. By checking
oxidative stress markers, ROS inhibition and DPPH antiradical scavenging activity, the antioxidant
properties of the leaf and twig extracts were revealed. The results suggest that twig extract performed
better as an antioxidant. Both extracts were safe for a human fibroblast cell line and for isolated human
erythrocytes. In view of these results it can be concluded that leaf and twig extracts from Rosa canina are
promising sources of natural compounds, contain valuable nutrient components and show antiradical
effects that should be further investigated in vivo.
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