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Abstract

Introduction. Flavonoids, vital plant compounds with established therapeutic benefits,
possess a diverse range of pharmacological properties, offering promising avenues for
drug discovery. Recent studies highlight their antioxidant role against oxidative stress.
Purpose. To optimize, on the basis of comparative evaluation of different variants of
extraction techniques, and to quantify the rutin contained in Ruta chalepensis L. with the
subsequent assessment of its performance as an antioxidant agent with DNA-protective
activity.

Materials and methods. A mixture of 30% acetonitrile and 70% water (v/v) was used as
the mobile phase for isolating rutin by High-Performance Liquid Chromatography (HPLC).
Subsequently, five different methods were employed to evaluate the antioxidant activity
of rutin: Ferric Reducing Antioxidant Power (FRAP) assay, DPPH free radical scavenging
assay, hydroxyl radical scavenging assay, hydrogen peroxide scavenging activity assay,
and total antioxidant activity assay. Additionally, the DNA damage protection activity of
rutin was investigated using human DNA.

Results. In this study, a reflux method with 80% methanol was used for rutin extraction.
High-performance liquid chromatography (HPLC) was used to detect rutin in plant
extract, and the percentage of rutin in this extract was 0.0089%. This study elucidates
the potential significance of rutin as an antioxidant. The free radical scavenging activity
of rutin was determined using various assays. The DPPH assay showed a high free
radical scavenging activity for rutin, with an IC50 value of 0.0414 ug/ml. In the hydroxyl
radical scavenging assay, the IC50 for rutin was 0.0625 pg/ml, and the IC50 for hydrogen
peroxide scavenging activity was 0.027141 ug/ml. The ferric reducing power assay and
total antioxidant activity assays also illustrated the antioxidant activity of rutin. Finally, the
DNA damage protection assay showed that the best concentrations for DNA protection
are 500 pug/ml and 250 pg/ml.
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Conclusion. This study shows that rutin is a potent antioxidant that can be used as a
dietary supplement or by consuming plants that contain it to help eliminate free radicals.
Keywords: rutin, antioxidant, DNA, reflux, HPLC, Ruta chalepensis L.
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Pesiome

BeegeHune. OnaBoHOUIbI — XN3HEHHO Ba)Hble COeANHEHUA PACTUTENIbHOIO NMPOUCXOXK-
LEHMA C [OKa3aHHbIMU TepaneBTUYeCKMMU CBOMCTBaMU, obnafatolme WNPOKUM CrekK-
TPoM papMaKoONOrmyecKmnx CBOMNCTB, UTO OTKPbIBAET MNEPCMEKTUBHbIE BO3MOXXHOCTU AJiA
pa3paboTKm NeKkapCTBEHHbIX CPeCTB Ha X OCHOBe. Pe3ynbTaTthl HelaBHO NPOBEAEHHbIX
NCCneaoBaHUN CBUAETENbCTBYIOT 00 UX aHTMOKCUAAHTHOW aKTUBHOCTM B YC/IOBUAX OKMNC-
NUTEeNbHOrO CTpecca.

Lenb. OnTMn3auma Ha OCHOBE CPaBHUTENbHOM OLEHKN Pa3fINYHbIX BapPMAHTOB TEXHONO-
rMIA SKCTPaKLUMK 1 KONTMUYECTBEHHOTO onpeaeneHus cogepatleroca B Ruta chalepensis L.
pyTVHa C NoceayoLW M ycTaHoBIeHEM 3G GEKTUBHOCTU €ro NCMOMb30BaHUsA B KaYecTBe
aHTMOKCUIAHTA, CNOCOOHOrO NPOABAATL K TOMY Xe 1 [IHK-NpoTeKTOpHY0 aKTUBHOCTb.
Marepuanbi n metogbl. B kauecTBe noaBUKHOW dasbl AN BbIAENEHUA PYTUHA METOAOM
BbICOKO3EKTMBHOMN KUAKOCTHOM XpomaTtorpadum (BIXKX) ncnonb3osanu cmecb 30%
aueTtoHuTpuna 1 70% Bogpl (% no o6bemy). [Insa sKCTpakLumm pyTriHa 6bin NpYMEHEeH Take
MeTog pedniokca ¢ ncnonb3oBaHmem 80% metaHona. OLEeHKY aHTUOKCUAAHTHOWN aKTuB-
HOCTM PYTUHA NPOBOAMIN C MTPUMEHEHNEM MATU Pa3NINYHbIX METOLOB: aHTUOKCMAAHTHOIO
TecCTa Mo Xene3oBoccTaHaBnuBawllen aktneHocTn (FRAP), A®IMI-TecTa, aHann3a Ha yga-
NeHne MMAPOKCUIIbHBIX PAZiMKaNoB, aHan13a Ha yaaneHme nepekmcy BOJOPoAa 1 obLero
aHanM3a aHTMOKCUAAHTHOW aKTUBHOCTU. Kpome Toro, 6bia ncciefoBaHa NpoTeKTOpHas
aKTMBHOCTb pyTMHa B oTHoweHunn [HK ¢ ncnonb3osaHnem yenoseyeckon AHK.
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Pesynbrarbl. [1poLeHTHOe coaepaHne pyTMHa B BblAeNeHHOM C MoMoLbio BIXX akc-
TpakTe cocTtaBunio 0,0089%. AHTMOKCMIAHTHaA aKTMBHOCTb PyTUHa Obina oueHeHa C
MOMOLLbIO Pa3NNYHbIX MeTofoB mccnegoBaHua. JOMNI-TecT nokasan BbICOKYIO aKTWB-
HOCTb PYTWHa NO yAaneHno CBOOOAHbIX panKanos, Npy 3Tom 3HaveHue |C50 coctaBuio
0,0414 mkr/mn (mMr/n). B BbINONIHEHHOM aHanM3e Ha yaaneHne rmapoKCUIbHbBIX PafnKanos
IC50 pytuHa coctasuna 0,0625 mkr/mn (mr/n), IC50 B OTHOLWEHUN NepeKkucn Bogopoaa —
0,027141 mkr/mn (Mr/n). AHTUOKCUAAHTHBIN TECT MO XeNe30BOCCTaHaBANBAIOLLEN aKTUB-
HOCTU 1 TECT Ha OOLLYI0 aHTVOKCUAAHTHYIO aKTMBHOCTb Tak»Ke NOATBEPANAN [OCTaTOYHO
BbICOKYI0 aHTMOKCUAAHTHYIO aKTUBHOCTb PyTUHA. Kpome Toro, aHanu3 JHK-npoTeKkTOopHOM
aKTUBHOCTU NOKa3as, YTo PYTUH NPOABUI Hanbornee BbiPa)keHHYI0 3aLLUTHYI0 aKTUBHOCTb
B oTHOWeHuN HK B KoHueHTpauuax 500 mkr/mn (mr/n) n 250 mkr/mn (mr/n). PesynbtaTtbl
nccnefoBaHnA CBUAETENbCTBYIOT O MOTEHUNANbHON 3HAYMMOCT NPUMEHEHNA PYTUHA B
KauecTBe aHTMOKCMdaHTa.

3aknioueHune. [lpoBegeHHOe nccnefoBaHMe CBUAETENbCTBYET O TOM, YTO PYTUH ABNAET-
CA MOLLHbIM aHTUOKCMAAHTOM, CMOCOOCTBYIOWM MHAKTUBALMN CBOOOAHBIX pafMKanos.
MpepcTaBnAeTcA BO3MOXHbIM MCNOJIb30BaTb €ro B KauecTse N1LLeBo J06aBKu UK yno-
TpebnATb B NULLY cofepiKallme ero pacteHus, B 0CO6eHHOCTI NauueHTaMu, CTpagaioLm-
MM pasHbiMU GopMamMm CBOHOAHOPaLMKaNbHON (MeMOPAHHOW) NaTONOMUN.

KnioueBble cnoBa: pyTuH, aHTrokeugaHT, JHK, pedniokc, BOXKX, Ruta chalepensis L.

B INTRODUCTION

Reactive oxygen species (ROS) play a crucial role in cellular metabolism. Nevertheless,
this advantageous molecule can also have adverse consequences for cellular processes.
Both the formation and clearance of this molecule are carefully regulated to maintain
a specific and stable amount of reactive oxygen species (ROS). Nevertheless, in specific
situations, this equilibrium might be disrupted. The imbalance between cellular formation
and the clearance of oxidative stress can lead to the generation of elevated levels of
diverse free radical molecules. These molecules can cause detrimental alterations to
cellular components, including proteins, DNA, and lipids [1].

Reactive oxygen species (ROS), which are highly reactive molecules, are produced by
the biotransformation of molecular oxygen. Multiple forms of reactive oxygen species
(ROS) exist, encompassing singlet oxygen ('0,), hydrogen peroxide (H,0,), superoxide
anion radical (0O2") and the exceedingly reactive hydroxyl radical ('OH) [2]. The adverse
impacts of oxygen are linked to its metabolic conversion into these exceedingly harmful
entities. Reactive oxygen species (ROS), which are inherently present in all living cells, are
associated with biochemical antioxidants. The primary sources of endogenous reactive
oxygen species (ROS) are hydrogen peroxide and superoxide anion. These ROS are
naturally generated as byproducts of cellular metabolism, particularly through processes
such as the mitochondrial respiratory chain. Moreover, the primary origins of extracellular
reactive oxygen species (ROS) encompass ionizing radiation, ultraviolet (UV) radiation,
toxins, microbes, and pollution from the environment [3].

The phenomenon of oxidative stress, caused by the detrimental effects of free
radicals, has been linked to various degenerative conditions, including osteoarthritis,
cancer, diabetes, and cardiovascular illnesses [4]. When the concentration of reactive
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oxygen species (ROS) surpasses the capacity of the cell’s internal antioxidant defense
mechanisms, it is referred to as oxidative stress [5]. The occurrence of elevated levels of
free radicals and/or diminished physiological efficacy of antioxidant defenses against free
radicals leads to disruptions in the typical redox equilibrium within the cellular milieu. This
has the potential to result in harm to all cellular constituents. Cell death can be induced
by severe oxidative stress. The classical parameters utilized for the characterization of
oxidative stress in biological samples encompass elevated levels of radicals and oxidants,
diminished levels of antioxidants, including both lipid-soluble and small molecular water-
soluble antioxidants, perturbations in the cellular redox system, and oxidative harm
inflicted upon cellular constituents such as proteins, DNA and lipids [6].

The concept of "antioxidant" is frequently employed in scientific literature, and its
definition might vary depending on the specific methodologies employed for measuring
antioxidant activity. Hence, Halliwell and Gutteridge put forth a proposition outlining the
characteristics of an antioxidant as "a substance that exhibits the ability toimpede, forestall,
or eliminate oxidative harm inflicted upon a specific molecular entity. The substances in
question possess a physiological function, as indicated by this definition, which involves
protecting cellular components from harm resulting from chemical interactions involving
free radicals [7].

Given the numerous detrimental effects of free radicals on vital components inside
the human body, it is imperative to conduct comprehensive investigations into novel
antioxidant compounds derived from natural sources. Flavonoids have emerged as a
prominent subject of scientific investigation due to their status as extensively investigated
bioactive antioxidant compounds derived from plants [2].

Ruta chalepensis L. (Rutaceae), commonly known as Rue or Fringed rue, is a wild
perennial herbaceous shrub that is widely distributed in the Mediterranean Sea regions.
It usually grows on rocky mountain slopes. It has glabrous, alternate pinnatisect leaves
with narrow oblong-lanceolate or obovate segments and a cymose inflorescence. It is
the only rue species mentioned and covered in the Flora Palaestina (in Iraq, this plant
is cultivated from north to south in gardens). It is even mentioned in the Bible under
the Greek name Pigam, closely cognate with the Arabic name Figam, which is used as a
flavoring for honey, wine, and olive oil. Due to its high content of amino acids, saponins,
phenols, flavonoids, alkaloids, and furocoumarins in the leaves and young stems, Ruta
chalepensis has pleiotropic pharmacological activities [8].

The aerial parts, fruits, and roots of Ruta chalepensis L. have been subjected to
phytochemical analysis, which has indicated the presence of flavonoids. Further analysis
using high-performance liquid chromatography (HPLC) has identified seven specific
flavonoids in different parts of Ruta chalepensis L., namely catechin hydrate, apigenin,
flavone, naringin, luteolin, naphthoresorcinol and kaempferol [9]. According to [10] rutin
emerged as the predominant flavonoid in Ruta chalepensis L., with the investigation
uncovering the existence of hesperidin, quercetin and epigallocatechin.

Rutin, a flavonol glycoside, is frequently encountered in plants belonging to the Rutaceae
family. Its many bioactivities have been widely investigated in numerous studies [11].

B PURPOSE OF THE STUDY

To optimize, on the basis of comparative evaluation of different variants of extraction
techniques, and to quantify the rutin contained in Ruta chalepensis L. with the subsequent
assessment of its performance as an antioxidant agent with DNA-protective activity.
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B MATERIALS AND METHODS

Plant Sampling

The aerial components of the Ruta chalepensis L. voucher specimen code (No. 33396)
plant were planted in a privately owned orchard located in the Al-FAW area of Basrah.
Asst. Prof. Dr. Ula AIMousawi from the Pharmacognosy Department at the Pharmacy
College of Basrah University confirmed the authenticity of the plant material. The plant
sample was harvested in August 2022, subsequently washed, and subjected to a seven-
day shade drying process at room temperature. Following this, the sample was crushed
into medium-sized pieces and stored in airtight bottles.

Extraction of Flavonoids from Ruta Chalepensis L.

Hot extraction (reflux) was employed as the extraction method. Time: 3 hours at
50 °C temperature. Ten grams of medium-milled Ruta chalepensis L. was placed in a
glass container with 200 mL of diethyl ether and underwent defatting for two hours.
The mixture was then filtered using filter paper, and the collected plant material was dried
at room temperature for 24 hours. Reflux was used as an extraction method with 250 mL
of 80% methanol (solid-liquid ratio 1:25 w/v) [12].

Chromatographic Analysis for the Detection and Isolation of Rutin From Crude
Extracts

High Performance Liquid Chromatographic Analysis (HPLC) for the Detection
and Isolation of Rutin from Crude Extracts. The HPLC study was conducted utilizing
the Sykam HPLC system S 600 series, manufactured in Germany. The system consisted
of many components, including the S 1130G quaternary gradient pump, the S 5300
sample injector, the S 3250 UV/VIS detector, and the S 4115 column oven. Prior to the
final validation and analysis of real samples, optimization was conducted for the sample
preparation, mobile phase, and stationary phase parameters. Preparation of rutin
standard solutions was conducted and calibration curves were prepared in the range
of 5 to 10 000 pg/mL for rutin standard solution to determine the content of the rutin.
The detection process was conducted by eluting the sample using a mobile phase
consisting of a mixture of acetonitrile and water in a volumetric ratio of 30% acetonitrile
to 70% water. The elution was performed at a flow rate of 1.0 ml/min, and the detection
of the analyte was carried out using UV detection at wavelengths of 254 nm and at a
temperature of 30 °C. The identification of rutin in a crude extract was achieved by HPLC
analysis, where the retention duration of the compound was compared to that of a
standards solution. According to the study conducted by [19], the isolation procedure
was executed based on the obtained results.

Antioxidant Activity

FerricReducing/AntioxidantPower Assay FRAP.The determination of reduced power
was conducted following the methodology described by [13], Various concentrations
of rutin and ascorbic acid, namely 100, 80, 50, 30, 10, and 5 pug/1 mL, were added to a
mixture consisting of 2.5 mL of a 1% potassium ferricyanide [KsFe(CN)] solution and
2.5 mL of 0.2 M sodium phosphate buffer (pH 6.6). Subsequently, the reaction mixture was
thoroughly vortexed and subjected to incubation at a temperature of 50 °C for a duration
of 20 minutes. Following the incubation period, a volume of 2.5 mL of trichloroacetic
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acid solution with a concentration of 10% was introduced to the mixture. Subsequently,
centrifugation was performed at a speed of 3,000 revolutions per minute for a duration
of 10 minutes. The 2.5 mL of supernatant was combined with 2.5 mL of deionized water
and 0.5 mL of a 0.1% solution of ferric chloride. The solution of color was measured at
a wavelength of 700 nm using a UV spectrophotometer, with the blank serving as a
reference and a standard for comparison.

2,2-Diphenyl-1-Picrylhydrazyl Free Radical Scavenging Assay DPPH

The radical scavenging activity of rutin was assessed using the methodology outlined
by [14], A mixture of rutin and ascorbic acid at various concentrations (100, 80, 50, 30, 10,
and 5 pg/ml) in methanol was combined with 1 ml of a DPPH solution (0.1 mMin methanol)
to serve as the source of free radicals. The resulting mixture was then incubated at room
temperature for 30 minutes. The measurement of the reduction in solution absorbance at
a wavelength of 517 nm was conducted to assess the proton-donating activity of rutin.
The reference standard employed in this study was L-ascorbic acid.

The proportion of DPPH radical scavenging activity was determined by employing the
subsequent formula:

DPPH radical scavenging activity % AA = [(A°~A") / A"l x 100 Equation (1)

where AA stands for antioxidant activity, where A° is the absorbance of the DPPH and
A'is the absorbance of rutin or the standard sample.

Hydroxyl Radical Scavenging Assay

The determination of the activity of the extracts followed the methodology outlined
by [15], The reaction mixture consisted of 1.0 ml of various concentrations of rutin,
ascorbic acid, and gallic acid (100, 80, 50, 30, 10, and 5 pg/ml of methanol), 1.0 ml of
iron-EDTA solution (0.26% EDTA and 0.13% ferrous ammonium sulfate), 1.0 ml of DMSO
(0.85% in 0.1 M phosphate buffer at pH 7.4), 0.5 ml of 0.018% EDTA, and 0.5 ml of 0.22%
ascorbic acid. The tubes were securely sealed and subjected to thermal treatment in a
water bath maintained at a temperature range of 80-90 °C for a duration of 15 minutes.
The reaction was halted by introducing 1.0 ml of TCA (17.5%) that had been cooled to
a low temperature using ice. The reaction mixture described above was supplemented
with 3.0 mL of Nash reagent, which consists of 75.0 g of ammonium acetate, 3.0 mL
of glacial acetic acid, and 2.0 mL of acetyl acetone. Distilled water was subsequently
added to achieve a final volume of 1 L. The resulting mixture was then incubated
at room temperature for a duration of 15 minutes to facilitate the formation of color.
The measurement of the intensity of the yellow color produced was conducted at a
wavelength of 412 nm, relative to a reagent blank. The standards employed in the study
consisted of ascorbic acid and gallic acid.

The proportion of Hydroxyl radical scavenging activity was determined by employing
the subsequent formula:

Hydroxyl radical scavenging activity inhibition % AA = [(A°-A") / A'] x 100 Equation (2)

where AA stands for antioxidant activity inhibition, where A° is the absorbance of the
reagent blank and A' is the absorbance of rutin or the standard sample.
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Hydrogen Peroxide Scavenging Activity Assay

The assessment of rutin’s hydrogen peroxide scavenging ability was conducted based
on the methodology proposed by [16]. with several modifications. A 1.0 ml aliquot of a
0.1 mM H,0, solution was combined with 1.0 ml of various concentrations of rutin and
ascorbic acid. This mixture was then treated with 2 drops of a 3% ammonium molybdate
solution, followed by the addition of 10 ml of a 2 M H,SO, solution and 7.0 ml of a 1.8 M
Kl solution. The solution containing the mixture was subjected to incubation at ambient
temperature for a duration of 5 minutes. Subsequently, titration was performed using a
solution of Sodium thiosulfate (NaS,0s) with a concentration of 5.09 mM. The titration
process continued until the disappearance of the yellow color.

The proportion of Hydrogen peroxide scavenging activity was determined by
employing the subsequent formula:

Hydrogen peroxides radical scavenging activity inhibition % AA = [(A°-A") / A'] x 100
Equation (3)

where the variable AA stands for antioxidant activity inhibition, the variable A°
represents the volume of NaS,0; solution utilized for titrating the control sample in the
presence of hydrogen peroxide, excluding rutin and ascorbic acid. On the other hand, the
variable A’ denotes the volume of NaS,0; solution employed when rutin and ascorbic acid
were present.

Determination of Total Antioxidant Activity

The assessment of overall antioxidant activity was conducted using the
phosphomolybdenum method described by [17]. A volume of 1.0 mL of the extract
was mixed with an equal volume of the standard reagent solution, containing 4 mM
ammonium molybdate, 0.6 M sulfuric acid, and 28 mM sodium phosphate. The tubes were
sealed and incubated in a thermal block set at 95 °C for 90 minutes. After cooling to room
temperature, the absorbance was measured at 695 nm using a reagent blank. The overall
antioxidant capacity was expressed in micrograms of ascorbic acid equivalent (AAE) per
microgram of rutin.

DNA Damage Protection Assay

The assessment of DNA damage was conducted utilizing genomic DNA obtained from
human white blood cells (WBCs). The DNA extraction process was conducted with the
FAVORGEN DNA extraction kit, adhering to the guidelines provided by the manufacturer.
The study conducted by [18], employed this approach to assess the protective efficacy of
rutin. In this study, the genomic DNA of human origin was subjected to photolysis using
UV light, while being exposed to hydrogen peroxide (H,0,). The subsequent damage
inflicted on the DNA was evaluated through the utilization of agarose gel electrophoresis.
Four polyethylene microcentrifuge tubes were each supplemented with five microliter
aliquots of human genomic DNA, with a concentration of 11.3 ng/ul. Subsequently, the
tubes were supplemented with four distinct doses of rutin, namely 500, 250, 100, and 50
pg/ml. A fifth tube was employed as a control for irradiation (CR), devoid of rutin. Each
tube was supplemented with a volume of 5 microliters of a 3% hydrogen peroxide (H,0,)
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solution. Subsequently, the tubes were positioned onto the surface of a UV transilluminator
emitting light at a wavelength of 300 nm, and left undisturbed for a duration of 10 minutes
at ambient temperature. A sixth tube was designated as a non-irradiated control (CO) and
was included in the experiment. This tube contained 1 microliter of human genomic DNA.
Thereafter, all the samples were subjected to electrophoresis on a 1% agarose gel and
thereafter imaged.

Statistical Analysis

All data are presented as the mean + standard deviation (SD). T-tests and two-way
ANOVAs were performed using the SPSS program to evaluate the results from the DPPH
scavenging activity assay, hydrogen peroxide scavenging activity assay, and hydroxyl
radical scavenging assay experiments. A p-value less than or equal to 0.05 was considered
statistically significant.

B RESULTS

High Performance Liquid Chromatographic Analysis (HPLC) for the Detection
and Isolation of Rutin from Crude Extracts

(Fig. 1-3) depict the reverse-phase high-performance liquid chromatography (HPLC)
chromatograms of the rutin standard solution, the mixture of the rutin standard solution
and crude extract, and the crude extract alone. The identification of rutin derived from
Ruta chalepensis L. was accomplished through a comparative analysis of their retention
times in relation to established reference standard. The combination of the rutin standard
solution with the crude extract resulted in a distinct peak at 3.313 minutes, which serves
as confirmation of the rutin peak’s location, as depicted in Fig. 3. The concentration of
rutin in the crude extracts was 0.0089%.
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Ferric Reducing/Antioxidant Power Assay FRAP
The results indicated a general increase in activity as the concentration of rutin
was raised, as evidenced by the absorbance at 700 nm. Rutin exhibited concentration-

dependent reducing activity and displayed the highest capacity for scavenging free
radicals at concentrations of 100 and 80 pg/mL, as illustrated in (Fig. 4).
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FRAP

® Rutin = Vit C

Fig. 4. Ferric Reducing/Antioxidant Power Assay FRAP

2,2-Diphenyl-1-Picrylhydrazyl Free Radical Scavenging Assay DPPH

The quantification of rutin’s capacity to scavenge radicals was conducted by measuring
the reactivity of DPPH with rutin at a wavelength of 517 nm, as described in previous
studies. The capacity of rutin to effectively eliminate free radicals was successfully
established, as indicated by The IC50 value for rutin and standard reference vitamin C was
found to be 0.0414 pg/ml and 0.0458 ug/mi+0.03493 respectively with p value 0.8345.
(Fig. 5) illustrates the comparative percentages of free radical scavenging exhibited by
rutin and the reference standard vitamin C at equivalent concentrations of rutin.

Hydroxyl Radical Scavenging Assay

The quantification of rutin’s radical-scavenging capacity was conducted by measuring
the reactivity of hydroxyl radicals with rutin at a wavelength of 412 nm, as described in

DPPH
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Fig. 5. 2,2-Diphenyl-1-Picrylhydrazyl Free Radical Scavenging Assay DPPH
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Fig. 6. Hydroxyl radical scavenging assay

previous studies. The study successfully confirmed the capacity of rutin to effectively
scavenge free radicals, as evidenced by The IC50 value for rutin and standard reference
vitamin C and gallic acid was found to be 0.0625 pg/ml, 0.02 pg/ml and 0.0418 pg/ml
+0.03493 respectively with p value 0.277 (Fig. 6) illustrates the comparative percentages
of free radical scavenging by rutin and the reference standard vitamin C, gallic acid, when
both are present at equivalent concentrations of rutin.

Hydrogen Peroxide Scavenging Activity Assay

The quantification of rutin’s capacity to scavenge hydrogen peroxide was conducted
by measuring the reactivity of the hydrogen peroxide radical using titration with sodium
thiosulfate (NaS,0s), as described in previous studies. The capacity of rutin to effectively
eliminate free radicals was experimentally confirmed, with The IC50 value for rutin and
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Fig. 7. Hydrogen peroxide scavenging activity assay
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standard reference vitamin C was found to be 0.0271 pg/ml and 0.0769 pg/ml £0.03493
respectively with p value 0.04835. (Fig. 7) illustrates the comparative percentages of
free radical scavenging exhibited by rutin and the reference standard vitamin C, both at
equivalent concentrations of rutin.

Total Antioxidant Activity

The spectrophotometric measurement of the extracts’ overall antioxidant activity
was conducted using the phosphor molybdenum method. This approach relies on
the subsequent production of Mo (IV) into Mo (V), with a maximum absorption at 695
nm, as previously shown. A positive correlation exists between absorbance levels and
the strength of antioxidant activity. (Fig. 8) illustrates the comparative percentages of
total antioxidant activity between rutin and the reference standard vitamin C, both at
equivalent concentrations of rutin.

The Efficiency of Inhibition the DNA Damage
The data shown in (Fig. 9) demonstrates that rutin exhibits a significant capacity
to safeguard human DNA from oxidative stress, particularly at concentrations of 500

Total Anti Oxident
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Fig. 8. Total antioxidant activity

Fig. 9. Ability of rutin to protect DNA from damage caused by UV-light and (3% v/v) H,0, Lane 1:
Control (untreated DNA), Lane 2: DNA UV-irradiated and treated with (3% v/v) H,0,, Lanes 3-6: Rutin
at concentrations of 500, 250, 100, and 50 pg/ml, respectively, with DNA and exposure to UV-light
and 3% v/vH,0,
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and 250 pg/ml. The observed capacity is minimal when the concentrations are between
100 and 50 pg/ml, that can be concluded from the less illuminance in band 5 and the
disappearance of band 6. Rutin demonstrates efficient scavenging of hydroxyl radicals
and UV radiation, thereby exhibiting the potential to mitigate oxidative DNA damage
through the inhibition of reactive oxygen species (ROS) formation.

B DISCUSSION

Antioxidants can be defined as substances that operate as reductants, participating
in redox reactions where oxidants are neutralized through the reduction of one
reaction species at the cost of oxidizing the other. According to [20], the introduction of
electron-donating compounds resulted in the reduction of Fe3* (ferric) to Fe?* (ferrous).
The evaluation of rutin’s reducing potential was conducted at concentrations ranging up
to 100 pg/mL as in FRAP assay.

The antioxidant activity of the rutin was estimated by using the DPPH method which
is one of the most commonly used assays due to its simplicity and high sensitively [21],
The DPPH method antioxidant results revealed that rutin has antioxidant potential with
an IC50 value of 0.0414 pg/mL, compared to the positive control, vitamin C, which has
an IC50 value of 0.0458 ug/ml. DPPH, or 2,2-diphenyl-1-picrylhydrazyl, is a chemically
stable nitrogen-centered free radical that is frequently employed in the assessment of the
radical scavenging ability exhibited by various compounds or plant extracts. When the
stable DPPH radical undergoes reduction by accepting an electron from the antioxidant
chemical, the characteristic violet color of the DPPH radical is observed to transition to
a yellow color. Substances that possess the capability to facilitate this process can be
classified as antioxidants, thereby functioning as radical scavengers [14].

The hydroxyl radical is a particularly reactive oxygen-centered radical that is generated
by the reaction between different hydroperoxides and transition metal ions. According
to [22], this substance has the ability to target polyunsaturated fatty acids, proteins and
DNA, in membranes, and various other biological molecules upon contact. [23] have
observed that it can extract hydrogen atoms from membrane lipids, leading to peroxidic
reactions of these lipids. and is known to be capable of abstracting hydrogen atoms from
membrane lipids. The scavenging ability of rutin against hydroxyl radicals generated in
the Fenton reaction system was found to be dependent on its concentration. Hydroxyl
radicals were generated through the utilization of ascorbic acid-iron EDTA in an oxidation
reaction with dimethyl sulfoxide (DMSO), resulting in the production of formaldehyde.
This process offers an easy technique for the detection of hydroxyl radicals through
treatment with Nash reagent [15]. This experiment demonstrated that the IC50 of rutin is
0.0625 pg/mL, compared to the reference compounds vitamin C (0.02 pg/mL) and gallic
acid (0.0418 pg/mL). Hydrogen peroxide (H,0,) holds significant importance due to its
capacity to effectively permeate biological membranes. Hydrogen peroxide (H,0,) exhibits
limited reactivity, although it possesses the potential to induce cellular toxicity due to its
capacity to generate hydroxyl radicals within cellular environments [24]. The scavenging
of hydrogen peroxide (H,0,) by extracts can be linked to the presence of phenolics, which
have the ability to donate electrons to H,0,, resulting in its neutralization and conversion
to water [25]. The findings indicate that all of the rutin samples exhibited significant H,0,
scavenging activity, potentially attributed to their antioxidant properties that facilitate
the conversion of H,0, into H,O. Moreover, it was observed that the decomposition of
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hydrogen peroxide by rutin was influenced by the concentration of rutin present, The
IC50 of rutin in this assay was 0.0271 ug/mL, while that of vitamin C was 0.0769 pg/mL.
Flavonoids, including rutin, have the ability to interact with DNA and provide protection
against oxidative damage (Fig. 9). The binding mechanisms of antioxidants to the DNA
duplex are closely associated with their antioxidant properties [26, 27]. Wild plants have
been used for thousands of years in natural therapies, food preservation, pharmaceuticals,
alternative medicine, and food. It is essential to scientifically investigate these plants,
especially those that have been used in folk medicine, to improve the quality of healthcare
offered to human beings. Flavonoids are a type of secondary metabolite [28]. This study
demonstrated the importance of rutin, a type of flavonoid, as an antioxidant and for DNA
protection.

B CONCLUSION

Based on the data obtained from the current investigation, it was determined that rutin
exhibited notable efficacy as an antioxidant in various in vitro assays, such as reducing
power and DPPH radical scavenging. The scavenging of hydroxyl radicals and hydrogen
peroxide is being compared to that of common antioxidant chemicals, namely ascorbic
acid and gallic acid. The results of the current study indicate that rutin, obtained from Ruta
chalepensis L. has the potential to serve as a natural antioxidant. This property makes it a
promising candidate for therapeutic applications in biological systems that are exposed
to reactions caused by free radicals.
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